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PREFACE 


TO  THE 


THIRD  AMERICAN  EDITION. 


In  the  preparation  of  the  second  volume  of  von  Richter's  organic 
chemistry  Professor  Anschiitz  availed  himself  of  the  services  of  all  his 
colleagues  who  were  especially  interested  in  the  experimental  development 
of  the  chapters  considered  in  the  present  text,  so  that  the  reader  may  rely 
upon  its  statements,  which  the  translator  has  conscientiously  striven  to 
give  a  simple  and  correct  English  rendering. 

The  preparation  of  the  index  to  this  volume  is  due  to  the  patient  and 
painstaking  efforts  of  Messrs.  Walter  T.  Taggart,  Owen  L.  Shinn,  and 
J.  Bird  Moyer,  to  whom  the  translator  would  here  acknowledge  his  deep 
obligations  for  the  material  aid  thus  given  him  in  completing  a  work 
which  has  extended  over  a  period  of  three  years. 
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II.  CARBOCYCLIC  COMPOUNDS. 

(Compoands  containing  carbon  rings.) 

The  derivatives  of  methane  considered  in  the  first  volume  consist  of 
open  carbon  chains.  Following  these  are  those  derivatives  which  have 
closed  carbon  chains  or  carbon  rings.  They  are  called  carbocyclic 
compounds.  In  contrast  to  them  are  the  azocyclic  derivatives,  which 
contain  a  ring  consisting  entirely  of  nitrogen  atoms :  e.g,y  hydrazoic  acid 
and  its  derivatives.  The  carbocyclic  compounds  are  usually  called 
isocyclic  derivatives.  This  latter  designation  is,  however,  too  compre- 
hensive, as  it  includes  bodies  containing  a  ring  composed  of  atoms  of  any 
one  element  at  pleasure.  In  contradistinction  to  the  isocyclic  derivatives 
there  are  also  the  heterocyclic  derivatives.  In  the  latter,  atoms  of  different 
elements  have  taken  part  in  the  formation  of  the  ring  (i,  78). 

The  carbocyclic  hydrocarbons  are  the  ring-shaped  hydrocarbons,  con- 
sisting of  from  three  to  seven  methylene  groups,  which  are  isomeric  with 
the  olefines  of  like  carbon  content.  They  are  either  called  polymethyl- 
enes^  from  the  number  of  methylene  groups  present  in  them,  or  they  are 
named  after  their  isomeric  olefines,  to  which  is  added  the  prefix  R — /.  e., 
R-olefines  (B.  21,  2720  Anm.;  26,  1085  Anm.);  or,  in  accordance  with 
the  decision  of  the  Geneva  Conference,  they  take  the  name  of  the 
normal  hydrocarbons  with  like  carbon  content,  and  add  to  the  same  the 
prefix  "cyclo** — e,  g,^  cycloparaffins.  The  first  and  third  designations 
are  preferred. 

CH, 
Trimethylene  [Cyclopropane] 1     >CH, 

chJ.ch, 

Tetnunethylene  [Cyclobutane] 1         1 

ch!  .  ch! 

Pentamethylene  [CycIopenUne] 1        ^„  >CH, 

CHj .  CHj 

CH,.CH,.CIL 
Hexamcthylene  [Cyclobexanc] ^^     ^^     ^^^ 

CH     CH     CH 
Heptamethylene  [Qrcl«A«pt«ne]    .   .   .   •  ^J    ^,^'  e^>^^« 
U-2  ,y  •         »•         » 
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Hexamethylene  is  also  called  hexahydrobenzene,  and  heptamethylene 
is  known  as  suberane. 

Consult  B.  29,  587,  for  the  nomenclature  of  ring-shaped  bodies. 

Olefinesand  diolefines  followed  the  normal  hydrocarbons.  In  the  same 
manner  we  find  cyclo-olefines,  cyclodiolefineSy  and  cydotriokfines  attaching 
themselves  to  the  cycloparaffins. 

Benzene,  of  all  the  carbocyclic  forms,  demands  especial  consideration. 
It  is  the  parent  hydrocarbon  of  the  aromatic  or  benzene  derivatives,  the 
most  numerous  of  the  compounds  of  carbon.  Accepting,  with  Aug. 
Kekul^,  the  presence  in  benzene  of  a  ring  of  six  carbon  atoms  joined  by 
an  alternate  single  and  double  union  to  one  another,  then  benzene  would 
be  a  cyclotriolefine : 

Benzene  [Cyclohexatrien]  CH^^""^"^H. 

The  addition  of  hydrogen  converts  benzene  into  hexahydrobenzene, 
hexamethylene,  or  cyclohexane.  The  transformation  products  of  aro- 
matic derivatives,  which  can  be  referred  to  dihydro-  or  tetrahydroben- 
zene — [cyclohexadien]  and  [cyclohexene] — as  the  parent  substances,  are 
constantly  growing  in  number.  It  has  become  customary  to  consider 
them,  in  conjunction  with  the  hexamethylene  or  hexahydrobenzene  com- 
pounds, as  hydroaromatic  derivatives. 

Many  naturally  occurring  bodies,  particularly  the  terpenes  and  cam- 
phor, belong  in  this  group.  By  rigid  adherence  to  the  system  just 
developed,  every  cycloparaffin  system  would  be  succeeded  by  a  corre- 
sponding cyclo-olefine  system  having  a  like  number  of  carbon  atoms. 
However,  in  order  to  fully  comprehend  the  hydroaromatic  bodies,  it  is 
essential  to  know  the  aromatic  compounds;  therefore  the  discussion  of 
the  former  will  be  deferred  until  the  latter  have  been  fully  considered. 
The  tricarbo-,  tetracarbo-,  and  pentacarbocyclic  compounds  will  be  fol- 
lowed by  the  heptacarbocyclic  derivatives,  which  are  not  very  numerous, 
and  lastly  will  appear  the  hexacarbocyclic  compounds. 

In  many  respects  the  aromatic  bodies  manifest  a  peculiar  deportment, 
varying  greatly  from  that  of  the  aliphatic  derivatives.  However,  the 
hydroaromatic  compounds,  and  also  the  known  tri-,  tetra-,  penta-,  and 
heptacarbocyclic  derivatives  approach,  in  their  chemical  behavior,  the 
saturated  aliphatic  substances,  or,  in  case  they  contain  pairs  of  doubly 
linked  carbon  atoms  in  the  ring,  they  resemble  the  unsaturated  aliphatic 
derivatives.  Therefore,  these  classes  of  compounds,  in  contrast  to  the 
aromatic  bodies,  are  designated  aliphatic-cyclic  or  alicyclic  saturated  and 
unsaturated  compounds  (B.  22,  769). 

The  study  of  carbocyclic  derivatives  has  shown  that  the  trimethylene 
ring  can  be  more  readily  ruptured  than  the  more  stable  pentamethylene' 
or  hexamethylene  rings,  whereas  the  latter  are  produced  with  greater 
difficulty.  It  is  not  certain  whether  octocarbocyclic  bodies  have  really 
been  prepared. 

Similar  phenomena  have  been  encountered  in  the  formation  of  certain  heterocyclic 
aliphatic  series—^,  g.,  the  lactones  (I,  342),  the  lactams  (I,  358),  and  the  anhydrides  of 
ihe  d}cMfboxjr}}c  Mcids  (J,  429),  etc. 
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In  presenting  the  oxy-acids  (l,  334)  a  representation  of  the  spacial  arrangement 
or  configoration  of  the  carbon  atoms  was  given  ;  this  was  intended  to  account  for  the 
non-formation  of  a-  and  /3-lactones,  in  comparison  with  the  ease  with  which  y-  and 
d-lactones  are  produced. 

The  strain  thtory  of  A.  ▼.  Baeyer  (B.  z8,  2278 ;  23,  1275)  has  been  proposed  to 
explain  the  varying  stability  of  the  tri-,  tetra-,  penta-,  and  hexamethylene  rings.  This 
theory  is  based  on  the  assumption  that  **  the  four  valences  of  the  carbon  atom  act  in 
lines,  which  connect  the  center  of  a  sphere  with  the  solid  angles  of  a  regular  tetrahedron 
inscribed  within  it,  and  hence  form  an  angle  of  109^  28^  with  each  other.''  These 
four  connecting  lines  are  called  the  axes. 

*<  The  direction  of  attraction  can  suffer  deviation ;  however,  the  magnitude  of  the  latter 

has  increasing  tension  as  the  consequence.     The  assumption  of  valence  forces,  acting  at 

an  angle,  is  excluded.     The  magnitude  of  the  angle  of  deviation  is  the  measure  of  the 

strain.     In  the  case  of  ethylene  the  direction  of  attraction  for  the  two  valences  of  each 

carbon  atom  sustains  an  equally  great  deviation,  until  finally  the  directions  have  become 

ICQ**  28' 
parallel.     The  angle  of  deviation  with  ethylene  is  — ^ =:  54**  44'.     With  tri- 

methylene,  which  may  be  imagined  to  be  an  equilateral  triangle,  the  angle  made  by  the 
axes  equals  60°,  and  the  deviation  of  each,  therefore,  ^  (109**  28^  —  60®)  =  24**  44'.'* 
The  following  deviations  are  obtained  in  a  similar  manner: 

Tetramethylene  %  (109°  28^—  90?)  =  9<>44' 
Pentamethylene  yi  (i09<>  28'— 108°)  =  o<>  44' 
Hexamethylene  %  (I09<>  28^— 120«>)  =— 5<>  \(/. 

It  is,  of  course,  presupposed  that  in  the  case  of  tetra-,  penta-,  and  hexamethylene  the 
carbon  atoms  lie  in  the  same  plane — the  ring  plane.  The  greatest  deviation  of  the 
attraction  of  the  two  valences  has  occurred  in  dimethylene  or  ethylene.  The  greatest 
strain  prevails  in  this  body.  It  is  the  most  unstable  ring.  It  can  be  torn  asunder  not 
only  by  chlorine,  bromine,  and  hydrogen  bromide,  but  also  by  iodine.  Trimethylene 
adds  to  itself  with  much  more  difficulty.  Tetra-,  penta-,  and  hexamethylene  rings  no 
longer  behave  like  unsaturated  bodies ;  they  are  quite  stable  in  their  behavior  with 
chlorine,  haloid  acids,  and  potassium  permanganate.  The  determination  of  the  heat  of 
combustion  of  the  simplest  cycloparanins  shows  an  appreciable  fall  from  tri-  to  hexa- 
methylene (B.  25,  R.  496),  which  harmonizes  with  the  views  just  expressed.  The 
strain  theory  of  v.  Baeyer  would  indicate  that  the  pentamethylene  ring  is  more  readily 
produced  than  the  hexamethylene  ring.  This  conclusion  was  the  impulse  that  led  to  the 
execution  of  a  series  of  successful  experiments  resulting  in  the  formation  of  pentamethyl- 
ene derivatives  (consult  B.  28,  655). 


METHODS  OP  RING-FORMATION  IN  THE  CASE  OP  CYCLO- 

PARAFFINS. 

Methods  allowing  of  the  conversion  of  open  carbon  chains  into  closed 
carbon  chains  demand  special  consideration.  Nucleus-syntheses  were 
described  as  reactions  by  which  carbon  atoms,  not  previously  in  union 
with  each  other,  were  made  to  unite  (vol.  i,  85) ;  hence  every  trans- 
formation of  an  open  chain  into  a  closed  carbon  chain  is  a  nucleus- 
synthesis.  Indeed,  there  are  well-known  nucleus-synthetic  methods 
which,  applied  to  suitable  aliphatic  substances,  lead  to  ring-formations 
with  the  production  of  cycloparaffins.  These  facts  have  already  been 
mentioned  at  various  places  in  the  first  volume  of  this  book.  They  con- 
stitute the  transition -reactions  from  the  domain  of  the  paraffins  to  that 
of  the  cycloparaffins.  The  most  important  of  them  ai^^  Iteitfcx^,  ^^v 
ranged  in  a  more  tangible  form : 
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I.  Cycloparaffins  are  produced  by  the  action  of  sodium  (vol.  i,  84) 
upon  dibromparaffins — the  hydrobromic  acid  esters  of  the  glycols : 


CH,Br  CHj.CHBr.CH,  CH,.CHBr.CH, 

I    ^"^CHjEr  |iH,.CH,Br  j       '"^CH,— CH,Br 


I 


CH,.CH,.CH,Br 
tHj.CH,  iHjBr 
CHj.CIIj.CH, 


2.  IniramoUcular  Pinacone  Formation. — Ditertiary  glycols,  the  pinacones,  are 
formed,  together  with  secondary  alcohols,  in  the  reduction  of  ketones.  Diacetyl  pentane, 
when  reduced,  yields  not  only  an  aliphatic  disecondary  glycol,  but  a  ditertiary  glycol, 
a  cyclic  pinacone : 

r«  /CH,— CH,— CH(OH) .  CH, 
rw  /CIL— CH,— CO .  CH,    /I  '-"•^CH,— CH,— CH(OH)CH, 
^"»^CH,— CH,— CO .  CH,""V  ^.TT  /CH,— CH,— C(OH)CH. 

^"«<CH,— CH,— t  (OH  )CHj 

3a.  Intramolecular  Acetoacetic  Ester  Condensation, — When  sodium  acts  upon  adipic 
ester,  an  intramolecular  condensation  corresponding  to  the  acetoacetic  ester  formation 
takes  place,  and  the  product  is  a  cyclic  /^-ketone  carboxylic  ester : 

CH, .  CH, .  COOQH.  CH, .  CH CO .  OC,H. 

CH, .  CH,  .  COOCjHj       -CsHfiOH         CH,  .  CH, 

3^.  Oxaloacetic  Ester  Condensation. — Diketopentamethylene  dicarboxylic  ester  re- 
sults from  the  action  of  sodium  ethylate  upon  oxalic  ester  and  glutaric  ester : 

CO,C,H, 

CH, .  CO,C,H,      CO .  O .  C,H,  ^  C^H-CO 

•*^CH, .  CO,G,H5  "^  CO .  O .  C,H5  '^CH— CO 

' CO,C,Hj 

Triketopentamethylene  dicarboxylic  ester  is  similarly  formed  from  oxalic  ester  and 
acetone  dicarboxylic  ester. 

4.  Malonic  Ester  Syntheses  and  Acetoacetic  Ester  Syntheses. — Cycloparaflfindicar- 
boxylic  esters  (W.  H.  Perkin,  Jr.)  result  from  the  action  of  alkylen  bromides  upon 
disoidium  malonic  esters : 

in  Br    +  N.,C(CO,C,H,),  =  ^"j'>C(CO,C,H.),  +  2N«Br 

C"«<Ch|  :  Br  +  N«,C(CO,C,H.),  =  CH,<^|{»>C(CO,C,H,),  +  2NaBr 

CH, .  CH.Br  CH, .  CH,  ^ ._         „  „ 

61;  .  CHiBr    +  N..C(CO.CH.),  =^jj|    ^;>C(CO.CH.).  +  .NaBr. 

This'  reaction  has  been  largely  applied  in  the  preparation  of  numerous  trimethylene 
derivadyes  by  merely  substituting  the  brom-  addition  products  of  the  olefine  mono-  and 
define  dicarboxylic  esters  for  the  alkylen  bromides.     Thus,  when  sodium  acetoacetic 
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ester  is  allowed  to  act  upon  i,4-dibrom-n-pentane,  i,2*methyl  acetyl  pentamethylene 
carboxylic  ester  is  produced  (B.  az,  742) : 

CH, .  CHBrCH,        CHNa .  CO.CjH^  _  CH, .  CH  /^    CO, .  C,Hj 

CH,.CO,C,H. 
iolcH.  +»'*'«'• 

aoj -Dibrompimelic  ester  and  sodium  malonic  ester  form  cyclopentene  dicarboxylic 
ester,  and  not  the  expected  hexametbylene  tetracarboxylic  ester.  An  exit  of  hydrobromic 
acid  occurs : 

^„  ^CH,~CHBr.  CO,C,H,    -^HBr         ^„      CH,-CCO,C,Hj 
CH,— CHBr .  CO,C,H,  CH,— CCOjCjHj 

5.  When  iodine  or  bromine  acts  upon  the  disodium  compounds  of  the 
alkylen  dimalonic  esters,  upon  disodium  methylene,  disodium  ethylene 
dimalonic  esters,  etc.,  the  sodium  is  withdrawn  while  a  ring  is  simulta- 
neously produced.  This  is  analogous  to  the  conversion  of  sodium 
malonic  ester  into  diacetosuccinic  ester  and  monosodium  malonic  ester 
into  dimalonic  ester  by  means  of  iodine.  The  resulting  cycloparaffin 
tetracarboxylic  acids  split  off  two  molecules  of  carbon  dioxide  and  be- 
come cycloparaffin  dicarboxylic  acids  (W.  H.  Perkin,  Jr.) : 

CNa(CO,C,H5),  qCOjCjHj),  CH.CO.H 

^"'    CNa(CO,C,H5),  ^  ^^*    ^(COjCjHs),  ^  ^"'    (!:HC0,H 

CH,— CNa{CO,C,H5),  CH,— C(CO,C,H4),  CH, .  CH.CO,H 

in,— CNa(C0,C,H5),  CH,— C(CO,C,H5),  CH,  .  CHCO,H 

CH,  .  CNa(CO,C,H5),  CH,— C(CO,C,H5),  CH,  .  CH.CO,H 

'    CH,  .  CNa(CO,C,ll5),  '    CH,— C(C0,C,H4),  '    CH,  .  CHCO,H 
The  disodium  compound  of  diacetyl  adipic  ester  behaves  similarly  towards  iodine. 

6.  Cyc/u  Ketone  Formation. — ^Just  as  the  calcium  salts  of  the  paraffin 
raonocarboxylic  acids,  when  heated  alone,  yield  open-chain  ketones,  so 
do  the  calcium  salts  of  some  of  the  higher  normal  paraffin  dicarboxylic 
acids  afford  cyclic  ketones  when  they  are  subjected  to  dry  distillation 
(J.  Wislicenus) : 

CH, .  CH, .  CO,  CH, .  CH, .  CO,  CH, .  CH, .  CH, .  CO, 

I     •         *        *>Ca        CH-<       *         *         *>Ca  1     *         '         '         *>Ca 

I  CH, .  CH, .  CO,"^  '^CH, .  CH, .  CO,"^  I  CH,  .  CH, .  CH, .  CO,"^ 

rCH,.CH,  .r     ,      CH,.CH,     ^  tCH,.CH,.CH, 

I     *       ^>CO  '^CH,<      *         •>CO  I     *         •         *>CO 

CHj-CH,-^  '^CH,.CH,^  CH,.CH,.CH,"^ 

7.  Aliphatic  diazo- bodies,  like  diazomethane  and  diazoacetic  ester 
(i,  207),  add  themselves  to  olefine  mono-  and  dicarboxylic  e5V.ei^,>N\N}c\  \^^ 
production  oi  cyclic   azo-derivatives  or  pyrazoliue  coTJ\\>o\iTvd%^  ^\v\Ocv 
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give  up  nitrogen  quite  readily  and  change  to  tri methylene  compounds 
(E.  Buchner) : 

N=iN    CHCOsCtHs  N  =  N  —  CHCOtCfHs        — N,  XHCO^Hi 

\/    +11  =  I  I  >-CHi<l 

CHt   CHCGjCaHs  CH, CHCOjC,H6  CHCOAIU 

N  =  N    CHCOtCtHs  N  =  N  — CHCO,CtHft_„.  XHCO«CtII| 

CO«.CtHft.CH      CH,  COaCjHftd 


.x/  -Hi..  ^-^. .  -,,}:n—U  -^^o^^^<^^<U 


I.  TRI-,    TETRA-,    PENTA-,    AND    HEPTACARBO- 
CYCLIC  COMPOUNDS. 

This  chapter  will  mainly  consist  of  the  cycloparaffins  and  their  deriva- 
tives containing  the  number  of  carbon  atoms  indicated  above.  They 
are  distinguished  from  their  isomeric  olefines  in  that  they  possess  little 
power  (sometimes  lack  it  entirely)  of  combining  with  the  halogens  and 
haloid  acids,  and  are  quite  stable  toward  potassium  permanganate  (B. 
23.  704). 

A.  TRIMETHYLENE  GROUP. 

CH, 
Trimethylene  [Cyclopropane],     1      >CH,,  is  a  readily  condensible  gas.    It  is  ob- 
tained by  heating  trimethylene  bromide  with  metallic  sodium  (Freund,  1882),  or  by  the 
action  of  alcohol  and  zinc  dust  (B.  20,  R.  706). 

It  unites  with  more  difficulty  with  bromine  and  hydriodic  acid  than  propylene,.  CH^^r 
CH  .  CH,.  It  is  rearranged  at  a  red  heat  into  propylene  (B.  29,  1297).  It  is  not 
oxidized  by  potassium  permanganate  (B.  21,  1282). 

CH- 
Methyl  Trimethylene  boils  at  4®  (B.  28, 22).    Vinyl  Trimethylene,  /.„  >CH- 

CH  =  CH,,  boils  at  40^ ;  its  specific  gravity  is  0.73.     It  is  formed  in  a  peculiar  manner 
by  the  action  of  alcohol  and  zinc  dust  upon  the  tetra-bromhydrate  of  pentaerythrol : 

BrCH,    ^    CHjBr  ,   F  CH,     ^    CH,-|  ^  CH,    XH 

It  yields  a  dibromide.     Potassium  permanganate  oxidizes  it  to  the  corresponding  glyc^ 

\     *>CH'''^  I  ,  which,  by  the  further  action  of  dilute  nitric  acid,  becomes  a-oxygla- 

CH,  CHjOH 

taric  acid  (B.  29,  R.  780). 

Monochlor-trimethylene  boils  at  43°  (B.  24,  R.  637).  Dichlor-trimethylene 
boils  at  740  (B.  25,  1954). 

CH, 

Acetyltrimetbylene,   1    '>CH  .  CO .  CH„  boils  at  113^.     (See  acetotrimethylene 
CH, 
carboxylic  acid,  p.  23.) 

Trimethylene  Carboxylic  Acids  (A.  284,  197)  are  obtained  by  the  genend 
methods  4  and  5,  and  also  by  method  7  (p.  21),  which  is  only  suitable  for  the  prepara- 
tion of  trimethylene  derivatives.  The  trimethylene  polycarboxylic  acids,  which  oootain 
twocarboxyls  linked  to  one  carbon  atom,  split  off  carbon  dioxide  and  pass  into  acids 
containing  less  cari)oxyl.  Remarkable  isomeric  phenomena  are  due  to  the  arrangement 
of  the  carboxyl  grooM  apon  the  same  or  different  sides  of  the  plane  assumed  by  the 
trimethylene  ring.     This  is  similar  to  the  isomerism  of  the  Irittiioaldefaydes  (i,  203). 
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Trimethylene  Carbozylic  Acid,  QH^.  CO,H,  melting  at  18^  and  boiling  at  183^, 
is  isomeric  with  crotonic  acid.     It  is  produced,  together  with  butyrolactone,  by  heating 

CH, 

Trimethylene- 1,1 -dicarboxy lie  Acid  (Vinaconic  Acid),  1  >C(CO,H),,  melt- 
ing at  140^  (see  method  4,  p.  20).  Hydrobromic  acid  converts  it  into  brom-ethylmalonic 
acid,  BrCH, .  CH, .  CH(CO,H),.  It  also  unites  with  bromine  (B.  18,  3314).  It  is  not 
altered  by  nitric  acid,  potassium  permanganate,  or  by  nascent  hydrogen  (B.  23,  704; 
a8,  8).  The  esters  of  vinaconic  acid  condense  to  butane  tetracarboxylic  esters  with 
sodium  malonic  ester.  In  this  respect  it  deports  itself  like  the  a,/3-olefine  carboxylic 
esters  (vol.  I,  and  B.  28,  R.  464).  Consult  A.  294,  89,  for  the  constitution  of  vina- 
conic acid  and  the  homologue — Methyl  Vinaconic  Acid. 

Trimethylene-i,2-dicarboxylic  Acid  is  known  in  two  isomeric  modifications, 
called  the  cis-  and  cis-trans  forms  (A.  245, 128)  : 

CO,H  CO,H  CO.H  H 

y-cis  form.  y-cis-trans  form  (i,  50). 

Cis-Trimethylene-i,2-dicarboxylic  Acid  melts  at  139°;  its  anhydride  at  59^. 
The  acid  is  produced  when  trimethyl-i,2-tri-  and  1,2-tetracarboxylic  acids  are  heated. 
Cis-trans-Trimethylene- 1. 2- dicarboxy  lie  Acid  melts  at  175°  ;  its  methyl  ^j/^,  boil- 
ing at  about  210^,  is  obtained,  together  with  glutaconic  ester,  from  acryldiazoacetic  ester 
by  method  7,  p.  21,  and  by  the  action  of  diazomethane  upon  fumaric  ester  (B.  27, 1888 ; 
28,  R.  290). 

C(CO,H), 
Trimethylene- 1, 2-tricarboxy lie  Acid,   CH,<  l^^    '  ^',  melts  at  187®,  with  de- 

CHCOjH 
compontion.     Its  ethyl  ester ^  boiling  at  276°,  is  obtained  from  a^dibrompropionic  ester 
by  method  4,  p.  20  (B.  17,  1187),  ^'^  ^ro<°  a-bromacrylic  ester  (B.  20,  R.  140,  258). 

CH .  CO.H 
Sym.    Trimethylene-i,2,3-tricarboxylic  Acid,  CO,H.CH<  1  '„.     The 

CH .  COjH 
cis-form  melts  at  150-153^ ;  the  cis-trans  form  melts,  at  220*^.     The  anhydride  melts  at 
187®  and  boils  at  265®.     Thecis-acid  is  derived  from  i  ,2,3-tetracarboxylic  acid  (B.  17, 
1652),  the  cis-trans  form  from  fumaric-diazoacetic  ester  (B.  23,  2583).     See  B.  27,  868, 
for  alkyltrimethylene  tricarboxylic  acids. 

C(CO,H), 
Trimethylene- 1, 2-tetracarboxylic  Acid,  dIi<^Vrk  m\  '  "  converted  at  200® 

into  the  anhydride  of  cis-i,2-dicarboxylic  acid.     Its  ethyl  ester ^  melting  at  43^  and  boil- 
ing at  187^  (12  mm.),  is  produced  according  to  method  5,  p.  21  (B.  23,  R.  241 ). 

CH .  CO.H 
Trimethylene- 1 ,2,3-tetracarboxylic  Acid,  (CO,H),C<  1  ,  passes  at  95- 

CH .  COjH 
100®  into  cis-i,2,3-tricarboxylic  acid.     Its  ^My/ ^j/^,  boiling  at  246®,  is  obtained  by 
method  4  (p.  20)  m>m  dibromsuccinic  ester.     The   rtr-i,2,  trans-x^yAcid  decomposes 
at  I96-I98<»  (B.  28,  R.  290). 

CH .  CO.H 
i,i-Dimethyl-2,3-trimethylene  Dicarboxylic   Acid,  (CHj),C<  1  ,    is 

CH  .  COjH 
probably  ear&nic  and,  a  decomposition  product  of  carone,  a  ketone  of  the  terpene  group 
(see  this).     It  can  be  readily  changed  to  terebic  acid  (see  this). 

CO.H  CH, 

Aceto-trimethylene  Carboxylic  Acid,  ___  _   >C<  1      ,  decomposes  at  200® 

CHjCO  CHj 

into  CO,  and  aceto-trimethylene.     Its  ester  is  formed  from  ethylene  bromide  ^tA  ^x^vmtcl 
acetoacetic  ester  (B.  17,  1440). 
DimcHo-adipic  ester  results  simuJUDeously.    The  ester  boUs  al  aVx>\iV  19%^ . 
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C(CO,H) 
Methylcyclopropen-dicarboxylic  Acid,  CH,.  CH<1  , melts  at  2oo«  (see 

B.  26,  750). 

B.  TETRAMETHYLENE  GROUP. 

The  methods  i,  4,  and  5,  producing  ring-formations,  have  been  applied  in  the  prepa- 
ration of  tetramethylene  derivatives. 

CH,.CHCH, 
Methyl-tetra-methylene,    1         1  ,  boiling  at  39-42**,  is  obtained  by  means 

of  method  i,  p.  20. 

Amido-tetramethylene,  QH^ .  NH,,  boiling  at  81®,  results  in  the  action  of  bromine 
and  caustic  potash  upon  tetramethylene  carbonamide.     Nitrous  acid  changes  it  to 

Oxy-tetramethylene,  CJI^.OH,  boiling  at  123^,  which,  acted  upon  with  concen- 
trated hydrobromic  acid,  sustains  a  rupture  of  its  ring  with  the  production  of  its  bromidt 
(boiling  point,  103®)  and  1,3-dibrombutane,  CH,Br .  CH,  .  CHBr.  CH,  (J.  Ch.  Soc.  65, 

950)- 

Tetramethylene-methylamine,  C^H^ .  Cli, .  Nil,,  boiling  at  83®,  is  prepared  by 
reducing  the  nitrile  of  tetramethylene  carboxylic  acid. 

Tetramethylene-methyl  Carbinol,  C^H, .  CH(OH) .  CH,,  from  the  corresponding 
ketone,  boils  at  144°.  * 

Tetramethylenc-dicthyl  Glycol,  [C^II,C(OH)C,IIJj,  obtained  by  the  reduction 
of  tetramethylene  ethyl  ketone,  melts  at  95°. 

Tetramethylene-methyl-  and  ethyl  Ketones,  boiling  at  135^  and  145°,  have 
been  prepared  from  the  acid  chloride  by  action  of  zinc  alkyls  (B.  25,  R.  371). 

Ditetramethylene  Ketone,  (C^H/)jCO,  boiling  at  205°,  is  prepared  from  the  cal- 
cium salt  of  the  carboxylic  acid. 

Tetramethylene  Carboxylic  Acid,  C^H^CO^H,  boiling  at  194**,  smells  like  a  fatty 
acid,  and  is  obtained  from  the  l-dicarboxylic  acid.  Its  ethyl eiter  boils  at  160® ;  its  chlo- 
ride boils  at  142°  ;  its  anhydride  at  l6o° ;  while  the  amide  melts  at  130®,  and  the  nitrile 
boils  at  150°  (B.  21,  2692). 

Tetramethylene- 1, 1 -dicarboxylic  Acid  melts  at  155°,  and  then  reverts  to  the 
monocarboxylic  acid.     Its  ethyl  ester  boils  at  224°,  and  is  produced  by  method  4,  p.  20. 

Cis-Tetramethylene-i,2-dicarboxylic  Acid,  melting  at  137°,  is  obtained  from  the 
tetracarboxylic  acid.  Its  anhydride  melts  at  77°  and  boils  at  271°  (B.  26,  2243).  The 
trans-acid,  melting  at  131°  (B.  27,  R.  734),  is  produced  when  the  preceding  acid  is 
heated  to  190°  with  hydrochloric  acid. 

Bromine  and  phosphorus  produce  \^2-dibromtctramethylene  dicarboxylic  acid^  the  ester 
of  which  is  converted  by  alcohol  and  potassium  iodide  into  the  ester  of  Cyclobutene 

CH,— C.CO2H 
Dicarboxylic  Acid,    1  h  which  melts  at  178^  with  decomposition,  and 

CH,— CCO,H    ' 
readily  changes  to  its  anhydride  (J.  Ch.  Soc.  65,  950). 

Tetramethylene- 1, 3-dicarboxy lie  Acid. — See  A.  256,  198. 

Diaceto-tetramethylene  Dicarboxylic  Ester  is  produced  according  to  method  5, 
p.  21  (B.  19,  2048). 

Tetramethylene- 1, 2-tetracarboxylic  Acid  melts  at  145-150®,  when  it  changes 
into  the  cis-l,2-dicarlx>xylic  acid.     Its  ester  is  obtained  by  method  5,  p.  21. 

CH, 

Tctramcthylene-i,3-diglyoxylic     Acid,    COOH  .  CO  .  CH<      *  >CH  .  CO .- 

CH, 

COOH,  melting  at  240®,  is  produced  in  the  condensation  of  p3rronicemic  acid  and  para- 
formaldehyde with  concentrated  sulphuric  acid.  It  is  decomposed  when  heated  with 
alkalies  into  ethylene  and  oxalic  acid,  and  by  concentrated  sulphuric  acid  into  a  dilactone 
(B.  29,  2273). 

The  truxillic  acids^  found  among  the  secondary  alkaloids  of  cocaine,  are  regarded  as 
d//Aeny)  tetTMmetbylene  dicarboxylic  acids  (see  alkaloids). 
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See  pinene  for  the  view  that  it  is  a  derivative  of  a  combined  hexa-  and  tetra- 
/CH 

CH,  CH 

methylene  ring,   J      CH,^      ,  and  for  the  argument  that  its  decomposition  products 
CH,  I       CH, 

Vh/ 

— r./.,  pincmic  add,  ptnic  acid,  norpinic  acid — are  derivatives  of  tetramethylene. 


C.  PENTACARBOCYCLIC  COMPOUNDS. 

The  number  of  known  pentacarbocyclic  derivatives  is  much  greater 
than  that  of  the  tri-  and  tetracarbocyclic  compounds.  They  are  derived 
in  part  from  cyclopentane  or  pentamethylene,  and  in  part  from  cyclo- 
pentenes.  Cyclopentane  and  its  derivatives  have  been  obtained  not 
only  by  the  ring-synthetic  methods  i,  3,  4,  5,  and  6  (pp.  20,  21),  but  also 
from  hexacarbocyclic  ring-shaped  ortho-dikelones  by  an  intramolecular 
atomic  rearrangement — e.  g,j  benzilic  acid  from  benzil  (i,  p.  54);  see 
below — chlordiketopentamethylene.  This  second  reaction  will  be  again 
presented  in  the  decomposition  of  aromatic  bodies  (see  these).  Further- 
more,  hexaoxybenzene  has  yielded  remarkable  pentamethylene  deriva- 
tives: rn7r^«iV  acid  and /r«ri7/r/V"  acid.  They  will  be  discussed  later  in 
connection  with  hexaoxybenzene. 

Camphor  can  be  readily  rearranged  into  aromatic  derivatives,  and 
should    probably   be    regarded    as  a  derivative   of    the   hydrocarbon, 

CH, 

which  is  not  known.     In  various  reactions  it  yields  penta- 


/T    \ 

CH,        CI 

I      CH,   I 


CH,  I       CII, 

\(!:h^ 

methylene  derivatives — e.  g.y  camphorphorone  and  camphoric  acid. 
Camphor  and  its  cyclic  transformation  products  will  not  be  considered 
until  after  the  benzene  derivatives,  along  with  the  terpenes,  under  the 
hydroaromatic  bodies. 

CH,.CH, 
I.  Hydrocarbons.   Pentamethylene,  R-PenUne  [Cyclo- Pftttane]  CH,<  1      , 

CH, .  CH, 
boiling  at  50®,  is  obtained  by  the  reduction  of  pentamethylene  iodide.  Methyl penta- 
methyUne,  boiling  at  75°,  is  made  from  i«5-dil>rom  n-hexane.  1,2-Methyl-ethyl-cyclo- 
pentane  boils  at  124°,  1,3-Dimethyl  Pentamethylene,  from  the  correspond! 0^4 
ketone  (B.  29,  403),  boils  at  93°. 

Cyclopentene,  CH<^      *  1     ',  boiling  at  45®,  is  prepared  by  the  action  of  caustic 

potash  upon  pentamethylene  iodide  (A  275,  331),  and  Perchlorcyclopentene,  C^Cl^, 
melting  at  41®  and  boiling  at  283®,  by  acting  with  PCI5  upon  perchlor-ketocyclopentenon 
(B.  23,  2214). 

Methylcyclopentene,  CH^         *  1     * ,  boiling  at  70°,  and  obtained  from  3-methyl- 
\CH, .  CH- 
cyclopentanol  by  means  of  zinc  chloride  (B.  26,  775),  yields  methylglutaric  acid  upon 
oxidation. 

CH  =  CH        ,  „   . 

CyclopenUdiSne,  Pentol  (B.  22,  916),  CH,<  1     ,  boihng  at  4J  »  "  present 

CH  =  CH 

II— 3 
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in  the  crude  benzene  from  coal  tar.  It  is  a  colorless  liquid.  Both  acids  and  alkalies 
attack  it  energetically.  It  reduces  an  ammoniacal  silver  solution.  It  forms  addition  pro- 
ducts with  one  and  two  molecules  of  the  halogens  and  haloid  acids — e,  g,^m€n<Kklor cycle- 
pentene^  €.11,  CI,  boiling  at  50®  (40  mm.),  trichJorcyclapentane^C^H^Ci^^  boiling  at  196^, 
and  Mrachlorcycicpeniane^  C^H^Cl^,  boiling  at  94^  (15  mm.).  It  polymerizes  readily  on 
standing  to  a  dimoUcular  compound^  (Q^«)t>  which  at  the  ordinary  temperature  boils  at 
170^,  with  partial  return  to  the  monomofecular  body,  and  without  decomposition  at  88° 
(35  mm.).  It  is  much  more  stable  than  the  simpler  compound,  and  recalls  the  terpenes 
in  its  behavior  (B.  29,  552). 

2.  Alcohols. — Cyclopentanol,  C^HyOH,  boils  at  139*^.  Its  bromide  boils  at  137*', 
the  iodide  at  164°,  and  the  amine  at  107*'  (A.  275,  322).     [3-MethylcyclopenUnoll, 

CH,.CH  .CH, 
IIOCH<  I  ,  boils  at  49®  (12  mm.),  and  the  amine  at  42<»  (12  mm.)  (B. 

CH, .  CH, 
25,  3519 ;  26,  775).     Both  alcohols  have  been  prepared  by  the  reduction  of  their  corre- 
sponding ketones. 

CH  ^CH  ^    CH 
2-Methylcyclopentanol,  HO .  CH<  *  *  1     ',  from  [methylcyclopentenon], 

CH, CH| 

boils  at  148**. 

3.  Ketones. — The  cyclic  ketones^  obtained  from  calcium  adipate  and  /3-methyl*adi- 
pate,  according  to  method  6  (p.  21),  constitute  the  starting-out  material  for  the  prepara- 
tion of  the  corresponding  alcohols,  from  which  the  saturated  and  unsaturated  pentacarbo- 
cyclic  hydrocarbons  are  subsequently  prepared.     Adipinketone  \Cyclopenicuim\  keto- 

CH,.CH, 
pentametkyleney  CO<  I      ,  boiling  at  130°,  occurs  in  **  wood  oils,**  and  results 

CH, .  CH, 

from  the  saponification  of  2-ketopentamethylene  carboxylic  ester  (p.  28).  It  has  an 
odor  like  that  of  peppermint,  and  yields  glutaric  acid  when  it  is  oxidized.  Its 
oxime  melts  at  120®  (A.  275,  312).  It  condenses  with  benzaldehyde  to  a  mono-  and 
a  dibemal  compound,  C.H.CH  :  (CjH.O)  and  C-H^CH  :  (C^H.O)  :  CHC^H^  (B.  29, 
1601,  1836).  Sodium  ethylate  condenses  two  and  three  molecules  of  cyclopentanon  to 
cyclopentanpeniaHOHy  (C^HjO)  :  (CjH^),  boiling  at  118®  (12  mm.), and  cyclodipentanpen- 
tanon,  (CjH^)  :  (C^H^O)  :  (CjH^),  melting  at  77®  and  boiling  at  190®  (12  mm.)  (B.  29, 

CH, .  CHCH, 
2962).     3-Methylcyclo-pentanon,    CO<  1  ,    boiling    at   142®   (B.    25, 

CH, .  CH, 
3517),  smells  like  camphorphorone  (see  this),  which  also,  like  tanacetophorone^  belongs 
to  the  cyclopentaiions.  These  last-mentioned  phorones  will  be  treated  after  camphor. 
A  2-Methylcyclopentanon,  which  also  boils  at  142-144°,  has  been  prepared  from 
a-methyladipic  acid  (B  29,  R.  III5).  2,5-Diinethylcyclopentanon,  boiling  at  146°, 
is  obtained  from  ao, -dimethyladipic  acid  (B.  29,  403). 

CH(CH,)— CH, 
1,2-Acctylmethyl-pentamethylene,  CH,CO.CH<  I      ,    boilmg    at 

CH, CH, 

170°,  is  obtained  from  the  corresponding  carboxylic  acid  (see  below). 

/CO .  CH, 
Methylcyclopentenon,  CH,.  C/ ^       j.     ,  boiling  at  157°, occurs  in  wood-oil.  Its 

CCl    .  CCl 
oxime  melts  at  128°  (B.  27,  1538).     Hexachlorketo-R-pentene,  rip/ _1  pp|'>CO» 

CCl.  CCL 
melting  at  31°,  boiling  at  156°  (80  mm.),  and    n  >C0,  melting  at  92°  and  boil- 

CQ .  ca, 

ing  at  148°  (75  mm.),  result  upon  oxidizing  the  corresponding  a-oxyacids,  prepared  from 
o-amidophenol  and  pyrocatechol,  with  chromic  acid  (B.  24,  926 ;  25,  2697). 

Mono-,  di-,  and  trichlor-o-diketopentamethylenes  are  obtained,  in  a  manner  simi- 
lar to  the  chlorinated  ketoR-pentenons,  from  phenol  and  chloranilic  acid.  Hydrogen 
sulphide  converts  the  monochlordiketopentamethylene  into  a-thiophenaldehyde  (see 
this),  and  ammonia  changes  it  to  chlorpyridine  f  B.  22,  2827).  Potassium  chloranilate, 
acted  upon  with  chlorine  or  bromine  and  water,  yields  Trichlortriketopentamethylene, 


h 
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CO.  CCl 

J    '        1,>C0»   melting    at    125°   (B.    25,    848).      Teirachlordikcto-R-pcntcne, 
CO.  CnCl 
CCl .  CO 

li  >CC1„  melting  at  75^  and  boiling  at  148°  (27  mm.),  results  when  resorcinol  is 

CCl .  CO 
used  (p.  46)  (B.  24,  916 ;  25,  2225). 

The  primary  decomposition  products  of  the  benzenes  applied  in  these  reactions  are 
mainly  chlorinated  ketonic  acids — e.  g.^  in  the  last  instance  we  obtained  from  resorcinol 
the  acid,  CCl,  .  CO .  CCl :  CCl .  CCl,COOH,  perchloracetyl  crotonic  acid,  which,  heated 
with  concentrated  sulphuric  acid,  forms  the  ring  of  ketopentamelhylene  (B.  26, 
513).  Similarly,  /?,<5-dibrom  laevulinic  acid,  CH,Br .  CO  .  CHBr .  CH, .  COOH,  when 
treated  with  fuming  sulphuric  acid,  is  converted  into  two  dibromdiketo-R-pentenes, 

CBr— CO  CH-CO 

>CHBr,  melting  at  99°,  and  h  >CBr,,  melting  at  I37®  (A.  294, 183). 

H— CO  CH— CO 

Pentaketopentamethylene  is  leuconic  acid  (p.  25).  It  is  produced  by  oxidizing 
croconic  acid. 

CH, .  CH, 

4.  Carboxylic  Acids. — Cyclopentan-carboxylic  Acid,   1  >CH  .  CO,H, 

CH, .  CH, 
boiling  at  214^,  has  a  disagreeable,  sweat-like  odor.     It  has  been  prepared  from  the 
o-oxyacid  (A.  275,  337).     Cyclopentan-acetic  Acid,  C^H, .  CH, .  COOH,  is  an  oil 
boiling  at  140^  (26  mm.).      It  is  obtained   from  cyclopentanmalonic  ester,  the  con- 
densation product  of  pentamethylene  iodide  and  sodium  malonic  ester  (B.  29,  1997). 

CH, .  CH(CH,) 
2-Methylcyclopcntan-carboxylic  Acid,  ^j^     ^^ >CH.CO,H,    boiling     at 

219^,  is  produced  when  potassium  hydroxide  acts  upon  the  a-acetyl  body  (p.  28). 

Both  monocarboxylic  acids  may  be  obtained  from  the  corresponding  i-dicarboxylic 
adds: 

CH,.CH, 

Cyclopentan-i-dicarbozylic  Acid,    1        ^„  >C(CO,H)„  melting  at   177°,  and 

CH, .  CH, 
2-Methylcyclopentan-i-dicarboxylic  Acid,  melting  at  174^,  whose  esters  have  been 
prepared  according  to  method  4,  p.  20  (B.  26,  2246;  27,  1228).  The  cyclopcntan-1,2- 
dicarboxylic  acid  is  known  in  two  modifications.  The  cis-form  yields  an  anhydride. 
It  is  obtained  by  heating  (B.  x8,  3246)  the  cyclopctUan-\;Z'tetrcuarboxylic  acid,  prepared 
according  to  method  5  (p.  21). 

CH,— C .  COOH 

Cyclopentene  Dicarboxylic  Acid,  CH,<  h  ,  melting  at  178°,  re- 

CH,— CCOOH 
suits  from  the  action  of  sodium  alcoholate  upon  a,a|- dibrompimelic  acid,  and  by  treating 
I,2-dibromcyclopentan-i,2-dicarboxylic  acid   (produced   in   the    bromination  of  cyclo- 
pentan -dicarboxylic  acid)  with  alcohol  and  potassium  iodide.     It  takes  up  2Br  readily. 
It  forms  adipic  acid  by  fusion  with  caustic  potash  (B.  28,  655). 

Camphoric  acid,  probably  2-dimethylcyclopentan-i  3-dicarboxylic  acid,  will  be  dis- 
cussed together  with  camphor.  An  ethyl  cyclopentene  carboxylic  acid  has  been  de- 
tected among  the  decomposition  products  of  ecgonine  (see  this). 

5.  Alcohol  Carboxylic  Acids. — 

CIL,— CH,  CO,H 

a-Oxycyclopentan-ca/boxylic  Acid,  1  >C<  ,  melting  at  103®,  is 

CH, — CH,  OH 

obtained  from  cyclopentanon,  CNH,  and  hydrochloric  acid  (A.  275,  333).     It  yields 
pentamethylene  carboxylic  acid  by  reduction.     Hexachlor-a-oxycyclopentene   car- 

CCl,— CCl,  CO-H 

boxylic  Acid,  1  >C<  ,  results  from  the  action  of  sodium  carbonate  or 

CCl  ^CCl  OH 

sodium  acetate  upon  the  chlorinated  cyclohexene-o-diketone.     When  it  is  heated,  it  re- 
arranges itself  into  an  isomeric  acid  (B.  23,  824).     Boiling  water  converts  both  acids 

CC1  =  CCI— C— CO^ 
UkXo percklorindone,  I  n  ^CCl  (A.   272,  243).     Tt\R.Yi\oi-^-^^T^w\^ 
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C(OH)-^CI,  CO,H 

Dioxycarboxylic  Acid,    n  >(^<  »  is  produced  when  chlorine   mcU 

CCl CH|  OH 

upon  an  alkaline  phenol  solution  (B.  22,  2827). 
6.  Ketone  Carboxylic  Acids. — 

CH, .  CH CO,C,H. 

2-Ketopentamethylene-carbozylic  Ester,  1  >C0  ,  is  obtained 

from  adipic  ester  by  method  5  (p.  21).  It  forms  ketopentamethylene  when  it  is  saponified. 

CH,.CH(CH,)  CO.CH. 

1, 2-Methylacetyl-pentamethylene-carboxylic  Ester,  i  _>C<  r 

CH, .  CHf  COCHj 

is  prepared  from  1,2-dibrom-n-pentane  according  to  method  4,  p.  20  (B.  2X,  742). 

CH, .  CHCO.H 
Symmetrical  Ketopentamethylene-carbozylic  Acid,  C0<  i  ,  melting  at 

189°,  is  obtained  from  aconitic  ester  and  sodium  malonic  ester  (B.  26,  373).     Cyclo- 

j CO.CjH, 

CH .  CO 

pentan-2,3-dion-i,4-dicarboxylic  Ester,  CH,<  1  ,  is  produced  ac- 


' C0,C,H4 

cording  to  method  3  (p.  20)  from  n-glutaric  ester  and  oxalic  ester  (B.  27,  1353).     Tri- 

CO— CH CO.C,  H. 

ketocyclopentan-dicarboxylic  Ester,  1        ^„>CO         ^^  1,  »  ^  formed  from  ace- 
tone dicarboxylic  ester  and  oxalic  ester  (B.  29,  R.  1 117).     Diphenylketocyclopen- 
C\,H..C  CH 

*^°"''"**"''^*^'C.H,.i(OH)-CH>^CH,.COOH,  "  "^^"°^^  ''""  ^"^"^ 
and  Isevulinic  acid. 


D.  HEPTACARBOCYCLIC  COMPOUNDS. 

The  most  important  members  of  this  series  have  been  obtained  from 
suberone.  The  ease  with  which  the  ring  containing  seven  members 
passes  into  the  **  six-membered  "  ring  is  an  argument  in  favor  of  the  view 
that  the  ring-formation  with  carbon  atoms  reaches  its  limit  with  the 
•*  seven -mem  be  red  "  derivatives.     Compare  further  A.  275,  363. 

CH     CH     CH 

^MhtX2Ji!t^Heptamethylene^Cycloheptane^    \^'^'        '>CH,,   boiling  at    117°, 

CH, .  CH, .  CH, 
results  from  the  reduction  of  suberyl  iodide.  Bromine  and  aluminium  bromide  change 
suberane  to  pentabrom toluene  (see  this),  whereas  when  it  is  heated  with  hydriodic  acid, 
it  is  converted  into  methylcyclohexane  or  hexahydrotoIuene(B.  27,  R.  47).  Suberylene, 
Cyclohepteney  boiling  at  114°,  is  produced  by  the  action  of  caustic  potash  upon  suberyl 
iodide.  Caustic  potash  converts  its  dibromide  into  cycloheptadiene,  heptamethyUne 
terpene,  C,H,o,  boiling  at  121°  (B.  29,  R.  89).  Suberyl  Alcohol,  C«H„  .  CIIOH, 
boiling  at  184°,  results  from  the  reduction  of  suberone.  Its  chloride  boils  at  174°,  and 
its  amine  at  169°  (B.  26,  R.  813). 

CH, .  CH, .  CH, 

Suberone,  Cycloheptanon^     1  >CO,  boiling  at  180**,  has  an  odor  like 

CH, .  CH, .  CH, 
that  of  peppermint.     It  is  produced  in  the  distillation  of  calcium  suberinate.     It  yields 
pimelic  acid  when  it  is  oxidized.     It  condenses  with  benzaldehyde  (B.  29,  1600).     Its 
oxime  melts  at  23®  and  boils  at  230®. 

Suberan-carboxylic  Acid,  C,H„CO,H,  is  a  colorless  liquid.  It  results  when 
suberenic  acidy  CyHjjCOjH,  melting  at  53°,  is  reduced  by  sodium  amalgam.  This  latter 
acid  is  produced  when  alcoholic  potash  acts  upon  the  liquid  chiorsuheronic  acid.  Tlie 
ester  of  Suberane- 1,1 -dicarboxylic  Acid  maybe  synthesized  from  hexamethylene 
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bromide  and  sodium  malonic  ester.     It  loses  CO,  and  becomes  suberanic  acid  (B.  27, 

R  735). 

Oxysuberanic  Acid,  Su^i  Glycollic  Acid,  C,H„(OH)CO,H  -f  >iH,0,  melts, 
wben  anhydrous,  at  89^.  It  is  formed  when  prussic  acid  and  hydrochloric  acid  act  upon 
suberone.    Concentrated  hydrochloric  acid  converts  it  into  chlorsuberonic  acid  (A.  2x1, 

CH, .  CH, .  droH) .  (!:h, 

117).  i,2-Dimcthyl-i,2-dihydroxyheptanicthylene.CH,<^^     ^^     (!;  OH     CH  * 
is  obtained  from  diacetyl  pentane  by  method  2  (p.  20). 


II.    HEXACARBOCYCLIC  COMPOUNDS. 

The  chemistry  of  the  hexacarbocyclic  derivatives  has  been  much  more 
fully  and  richly  developed  than  that  of  the  ring-systems  which  have  been 
discussed  in  the  preceding  section.  The  hexacarbocyclic  compounds  are 
classified  as  follows : 

A.  Aromatic  or    Benzene  derivatives  containing  a  single 

nucleus. 

B.  Hydroaromatic  substances  containing  a  single  nucleus. 

This  class  contains  the  Urpene  and  the  camphor  groups, 

C.  Aromatic   substances  containing   several    nuclei.    The 

parent  hydrocarbons  of  this  group  contain  {a)  several  benzene 
residues  combined  directly  to  each  other,  or  by  means  of  ali- 
phatic hydrocarbon  residues ;  or,  (J>)  two  (or  more)  nuclei  so 
linked  to  one  another  that  they  have  two  carbon  atoms  in 
common  {twin  nuclei^  condensed  nuclei^  : 


9.H1 
H, 


W 


(^) 


piphcnyl 
C,H,.CH, 

C-Hj .  CH, 
Dibenzyl 

QH. 

/„:>™- 

Fluorene 


c:h;>"'' 

Diphenylmethane 
C^Hj.CH 

QH-.C^H 

Stilt>ene 

Naphthalene 
(see  this) 


^    *>CH.C-H. 
Triphenyl  methane 


<^H. 


C,H,.0 

Tolane,  etc. 

Anthracene,  etc. 
(see  this). 


Numerous  derivatives  of  almost  every  imaginable  kind  can  be  referred 
to  each  of  these  hydrocarbons, — a  domain  of  immeasurable  expansibility. 
Many  of  these  bodies,  particularly  naphthalene  and  its  derivatives,  are 
likewise  followed  by  a  series  of  hydro-bodies,  which  will  not,  however, 
be  discussed  as  a  fourth^class,  but  always  directly  after  the  non-hydro- 
genized  compounds  of  the  respective  hydrocarbon. 
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A.  AROMATIC  COMPOUNDS  OR  BENZENE  DERIVA- 
TIVES CONTAINING  A  SINGLE  NUCLEUS. 

The  aromatic  compounds  are  mostly  obtained  from  aromatic  oils  and 
resins.  They  differ  in  various  respects  from  the  members  of  the  fatty  or 
marsh-gas  series,  but  are  principally  distinguished  from  the  latter  by 
their  greater  carbon  content.  The  theoretical  representations  upon  their 
constitution  are  based  chiefly  on  the  views  developed  by  Kekul6  in  1865 
— Kekul6*s  benzene  theory.  The  views  of  this  investigator  are  in  brief  as 
follows  (compare  KekuU,  Lehrbuch  der  org,  Chetnie^  2,  493 ;  A.  137, 
129): 

1.  All  aromatic  compounds  are  derived  from  a  nucleus  consisting  of  six  carbon  atoms ; 
its  simplest  compound  is  benzene^  C^H^.  All  other  aromatic  derivatives  may  be  obtained 
from  the  latter  by  substituting  other  atoms  or  atomic  groups  (side-chains)  for  its  hydrogen 
atoms.  The  new  derivatives  are  distinguished  from  the  methane  compounds  by  their 
specific  benzene  character ,  and  are,  therefore,  called  benzene  derivatives, 

2.  Benzene  has  a  symmetrical  constitution.  Each  carbon  atom  is  combined  with  one 
hydrogen  atom.  Differences  between  the  individual  C-  and  H-atoms  have  not  been  dis- 
covered (similar  to  the  polymethylene  derivatives).  Isomerides  are,  therefore,  only  possi- 
ble when  two  or  more  side-chains  are  present. 

3.  The  structure  of  the  benzene  nucleus  is  such  that  the  six  carbon  atoms,  or 
CH -groups,  form  a  closed^  ring-shaped  chain,  the  atoms  being  joined  alternately  by  single 
and  double  bonds : 

U-LUJ      o, 
I I 


\ 

/ 

— c 

\ 
c— 

\-i- 


In  benzene,  CfH^;,  the  fourth  affinity  of  each  C-atom  is  joined  to  hydrogen  ;  in  the 
benzene  derivatives  it  is  combined  with  other  atomic  groups. 
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The  l)ertzene  derivatives  can  be  obtained  by  the  replacement  of  hydro- 
gen in  benzene,  just  as  the  aliphatic  substances  can  be  derived  from 
methane.  Those  members  containing  carbon  side-chains  can  be  derived 
from  benzene,  and  by  their  decomposition,  or  by  the  splitting-ofT  of  the 
side-chains,  they  revert  to  benzene.  The  stability  of  the  benzene  nucleus 
distinguishes  the  aromatic  substances  from  the  methane  derivatives. 
Thus,  oxidation,  and  also  reduction,  which  leads  finally  to  cyclo- 
hexane  derivatives  or  hexahydrobenzene  bodies,  may  be  carried  on,  as  a 
general  thing,  without  tearing  the  ring  asunder.  Therefore,  reduction 
unites  the  benzene  bodies  to  the  cyclohexane  derivatives  (p.  18). 

Solid  benzene  bodies  are  distinguished  at  the  ordinary  temperature  by  their  oystal- 
lizing  power.     This  accelerates  experimental  work  very  materially. 

The  hydrogen  of  benzene  can  be  very  readily  replaced  by  the  halogens 
and  the  /^/'/n?  (NOt)  smd  sulpha  (SOjH)  groups : 
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Chlorbenxene     ....  C,H.C1  CAijCL  C,H,CI,   .   .   .  CeCI, 

Nitrobenzene     ....  QH^NO,  CeH^CNO,),  CeH,(NO,), 

Benxene-sulphonic  acid  CeHjSOjH        CjH,(SO,H),        C,H,(SO,H)j. 

JifofUh,  di',  trS'f  Mra-,  penta-y  and  A^'jca-derivatives  of  benzene  result, 
depending  upon  whether  one,  two,  three,  four,  or  more  of  the  hydrogen 
atoms  of  benzene  are  replaced.  The  production  of  nitro  compounds  by 
the  direct  action  of  nitric  acid  is  particularly  characteristic  of  the  ben- 
zene derivatives,  whereas  the  fatty  compounds  are  generally  oxidized  and 
decomposed. 

In  the  reduction  of  the  nitro-derivatives  we  obtain  the  amido'com- 
pounds : 

Amidobenzene 
C,H,.NH,  C,H,(NH,).  C.H,(NH.),. 

Aniline 

The  so-called  azo-derivatives  appear  as  intermediate  products  of  the  reaction,  whereas 
when  nitrons  acid  acts  on  the  amido-derivatives  the  diazo-com pounds  result.  Both  classes 
are  of  exceptional  occurrence  in  the  methane  series  (i,  p.  172). 

By  introducing  hydroxy  1  for  hydrogen  into  benzene  we  obtain  the 
phenolsy  which  may  be  compared  to  the  alcohols : 

C;,H,.OH  CeH.(OH),  C,H,(OH), 

Phenol  Dioxybenzene  Trioxybenzene. 

(Carbolic  Acid) 

These  resemble  the  tertiary  alcohols  in  having  the  group  C .  OH  at- 
tached to  the  three  carbon  affinities  (i,  p.  no),  hence  on  oxidation  they 
cannot  yield  corresponding  aldehydes,  ketones,  or  acids. 

The  benzene  residue  diminishes  the  basic  properties  of  the  amido-group  and  increases 
the  acid  nature  of  the  phenol  hydroxy!.  It  has  a  more  negative  character  than  the  resi- 
dues of  the  aliphatic  hydrocarbons. 

The  entrance  of  univalent  paraffin,  olefine,  and  acetylene  residues  into 
benzene  produces  homologues  of  the  latter,  both  saturated  and  unsatu- 
rated : 

C;,H,  CeH.CH,  C,H,(CH,),  C^H^CHj-CH,  C;,H5CH„  etc. 

Benzene       Methyl  Benzene     Dimethyl  Benzene  Ethyl  Benzene  Propyl  Benzene,  etc. 

(Toluene)  (Xylene) 

CHjCH  =  CH,  CeHjC  =  CH,  etc. 

Vinyl  Benzene  (Styrene)  Acetenyl  Benzene. 

In  these  hydrocarbons  the  benzene  residue  preserves  the  specific  prop- 
erties of  benzene ;  its  hydrogen  can  readily  be  replaced  by  halogens  and 
the  groups  NO,  and  SO,H.  On  the  other  hand,  the  side-chains  behave 
like  the  hydrocarbons  of  the  fatty  series;  their  hydrogen  can  be  replaced 
by  halogens,  but  not  by  (by  action  of  HNO,  or  HjSOi)  the  groups  NO, 
and  SO,H.  Different  isomeric  derivatives  are  possible,  depending  upon 
whether  the  substitution  of  the  halogens  (or  other  groups)  has  occurred 
in  the  benzene  residue  or  the  side-chains — e,  g,: 

Dichlortoluene,  CHjCl, .  CH„  Chlorbenzyl  chloride,  C;H^a .  CH,CI, 

Chlortoluene,  Qfl^QX .  CH,  Benzyl  chloride.  C^H^ ,  CHp. 

Benral  chloride,  C,Hj .  pHOy 


32  ORGANIC  CHEMISTRY. 

The  halogen  atoms  ii*  the  benzene  residue  are  very  firmly  combined 
and  mostly  incapable  of  double  decomposition,  while  those  in  the  side- 
chains  react  exactly  as  in  the  methane  derivatives. 

The  substitution  of  hydroxy  1  for  the  hydrogen  of  the  side-chains  leads 
to  the  true  alcohols  of  the  benzene  series : 

CeHj.CHj.OH  CeH^ . CH, .  CH, . OH  C,H^<^J^«  qjj 

Benzyl  Alcohol  Phenyl  Ethyl  Alcohol  Tolyl  Alcohol. 

The  primary  class  is  oxidized  to  aldehydes  and  acids : 

C^H^ .  CHO  QHj .  CH, .  CHO  ^•^4<CHb 

Benzaldehyde  Phenyl  Acetaldehyde  Tolylaldehyde. 

The  acids  in  which  the  COOH  group  is  joined  to  benzene  can  be 
formed  by  introducing  carboxyl  groups  directly  into  benzene,  or  by 
oxidizing  the  homologues  of  the  latter : 

CeHj.CO^H  '  C,H,(CO,H),  C,H,(CO,H), 

Benzene  Carboxylic  Acid         Benzene  Dicarboxylic  Acid       Benzene  Tricarboxylic  Acid 

^"♦<CO.'h  q.H,.CH,.CO,H  C.H,<gJ^^>« 

Toluic  Acid  Phenylacetic  Acid  Mesitylenic  Acid. 

The  hydrogen  of  the  benzene  residue  in  these  acids,  as  well  as  in  the 
alcohols  and  aldehydes,  is  replaceable  by  halogens,  and  the  groups  NO,, 
SO,H,  OH,  etc. 

Benzene  is  the  basis  in  the  preceding  explanation.  The  various  benzene  derivatives 
having  aliphatic  side-chains  are  all  regarded  as  substitution  products  of  benzene.  It  is 
plain,  however,  that  this  manner  of  presentation  can  be  reversed.  Then  the  deriva- 
tives of  benzene  with  one  side-chain  would  be,  for  example,  phenyl  substitution  products 
of  aliphatic  bodies,  as  indicated  in  the  following  designations : 

CjH^CH,  Phenyl  methane  C^Hj .  CH,  .  CH,  .  OH  Phenyl  ethyl  alcohol 

CjHjCClj  Phenyl  chloroform  CjHjCHjCHO  Phenyl  acetaldehyde 

qjHjCHJOH  Phenyl  methyl  alcohol  CjHjCHjCOOH  Phenyl  acetic  acid 

CHjCOOH  Phenyl  formic  acid  C^HjCH, .  CH, .  CO,H  Phenyl  propionic  acid. 
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Proof  of  the  Equivalence  of  the  Six  Hydrogen  Atoms  in 
Benzene. — Let  any  one  hydrogen  atom  in  benzene  be  replaced  by 
another  atom,  or  atomic  group,  and  every  resulting  compound  can  exist 
in  but  one  modification ;  thus  there  is  but  one  chlorbenzene,  one  nitro- 
benzene, one  araidobenzene,  one  toluene,  one  benzoic  acid,  etc.  The 
following  compounds  are  known  in  but  one  modification  : 

CeH.Cl,  C,H5(N0,),  C.Hs .  NH,,  C.H^.CH,,  C^H^ .  CO,H.  etc. 


^Theon'e  der  aromatischen  Verbindun?5en  ▼.  A.  Ladenburg,  1876. 
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The  six  hydrogen  atoms  of  benzene  are  of  equal  value,  just  the  same 
as  the  four  hydrogen  atoms  of  methane  (i,  p.  37).  Benzene  has  a  sym- 
metrical  structure. 

This  equivalence  of  the  six  hydrogen  atoms  is  very  important  for  the 
theory  of  the  benzene  derivatives,  and  was  demonstrated  beyond  ques- 
tion by  Ladenburg  in  1874  (B.  7,  1684;  8,  1666). 

I.  If  phenol  be  converted  into  brombenzene,  and  this  in  torn  be  changed  by  sodium 
and  carbon  dioxide  into  benzoic  acid,  the  carboxyl  group  of  the  benzoic  acid  will  take 
the  place  of  thatliydrogen  atom  in  benzene  which  was  held  by  the  hydroxyl  in  phenol. 
FuTthermore,  three  roonoxybenzoic  acids  are  known ;  of  these  the  metaoxybenzoic  acid 
b  produced  from  benzoic  acid,  while  the  ortho-  and  para-oxybenzoic  acids  can  be  con- 
verted into  benzoic  acid  (A.  13a,  151,  309).  The  three  oxybenzoic  acids  (the  signifi- 
cance of  the  prefixes  ortho-,  meta-,  and  para-  will  be  explained  further  on  in  connection 
with  the  benzene  diderivatives)  jrield  the  same  phenol,  which  is  therefore  produced  by 
the  replacement  of  four  different  hydrogen  atoms  of  benzene  by  the  hydroxyl  group. 
Consequently,  four  hydrogen  atoms  of  benzene  are  equivalant : 


a  b  c  d  e  f 

Cg  (OH)  H  H  H  H  H 

C,  Br  H  H  II  H  H 

Cg  (COjII)  H  H  H  H  H 

C,  (COjII)  II  H  H  H  H 

C,  (CO,H)  H  H  H  H  H 

C,  (CO,H)  H  H  H  H  H 


^Phenol 

rBrombenzene 


YBenzoic  Acid  -^— 


Ortho-oxybenzoic  Acid — ' 
Meta-oxybenzoic  Acid 
Para-oxybenzoic  Acid 


2.  Tav  pairs  of  hydrogen  atoms  are  symmetrically  arranged  with  reference  to  one 
hydrogen  atom  in  benzene  — i.  e.^  the  replacement  of  each  of  the  two  hydrogen  atoms 
of  a  pair  by  the  same  atom  or  atomic  group  will  give  rise  to  the  same  body.  This  state- 
ment in  regard  to  tlie  one  pair,  b  and/,  is  evident  from  the  formation  of  the  same  ortho- 
amidobenzoic  acid  from  the  two  difilerent  nitrobrombenzoic  acids,  which  are  obtained 
in  the  nitration  of  metabrombenzoic  acid  (Httbner  and  Petermann,  A.  149,  129 ;  222, 
III;  6.  2,  140): 


a  b 

C,    CO,II     H 


c       d     e       f 
Br    II     H     H 


C,    COjII     NO,      Br    H     II     H 

C,    CO,H     H  Br    H     H     NO, 

C,    COjH     NH,      H     II     H     H 

Ce    CO,H     H  H     H     H     Nil, 

From  this  it  follows  that  a  b  =:  a  d 


Metabrombenzoic  Acid 
adj.-Metabromorthonitrobenzoic  Acid 
unsym-Metabromorthonitrobenzoic  Acid 
Orthoamidobenzoic  Acid 
Orthoamidobenzoic  Acid. 


The  pfoof  for  the  second  pair  is  found  in  the  preparation  of  metabromtoluene  from 
two  broiniiie  derivmtives  (Wroblewsky,  A.  192,  213 ;  A.  234,  154),  in  which  the  bromine 
has  tejdaced  two  dKTerent  hydrogen  atoms,  which,  therefore,  are  symmetricaW^  axt«iv^<^\ 
a  c = a  e,  with  refereace  to  ibe  hydrogen  replaced  by  the  methyl  group  ol  loXwtiTit  •. 
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be  d  e     f 


C,  CH,      H   H   NH(COCH,)   H   H 


I, 


a       b     c  d  e       f 


C,  CH,      H   Br  NH(COCH,)   H   H ^-^C;,  CH,  H   Br  NH(COCH,)  NO,  H 

'A 


C,  CH,      H    Br 

NH, 

H  H-!e 

C,  CH,  H   Br 

H 

C,  CH,     H   Br 

H 

C,  CH,   H   H 

H 

C,  CO,H  H    Br 

H 

-q,  CH,  H  H 

H 

NH,  H  I 
Br      h"*^ 

When  .this  bromtoluene  is  oxidized  it  changes  to  the  same  metabrombenzoic  acid 
which  is  employed  as  the  starting-out  material  for  the  preparation  of  the  adj.-  and 
unsym.-metabromorthonitrobenzoic  acid.  Hence  it  follows  that  in  the  latter  proof  the 
bromine  replaces  two  different  hydrogen  atoms  from  those  previously  repIaccMl  by  the 
amido  group  of  the  orthoamidobenzoic  acid,  and,  consequently,  there  are  present  in 
benzene  not  only  one,  but  also  two  pairs  of  hydrogen  atoms,  which  are  symmetrically 
arranged  with  reference  to  one  hydrogen  atom,  which  would  thus  prove  the  equal  value 
of  the  six  hydrogen  atoms  in  benzene  (compare  also  Ladenburg.  B.  xo,  1218). 

The  proof  of  the  symmetrical  arrangement  of  the  second  pair  of  hydrogen  atoms  may 
be  added  to  the  preceding  presentations  in  regard  to  the  first  pair.  It  is  as  follows : 
Orthoamidobenzoic  acid,  obtained  in  two  different  ways  (p.  33),  can  be  changed  to  the 
same  oxybenzoic  acid — salicylic  acid.  When  the  latter  is  nitrated  it  yields  two  different 
mononitrosalicylic  acids.  On  heating  the  diethyl  ethers  of  these  acids  with  ammonia, 
both  ethoxyl  groups  are  replaced  by  amido-groups,  and  free  nitroamidoacids  are  then 
liberated  from  the  nitroamidobenzamides.  Nitrous  acid  and  alcohol  change  the  nitro- 
amidobenzoic  acids  into  the  same  nitrobenzoic  acid.  As  this  add,  obtained  from  the 
two  different  nitrosalicylic  acids,  yields  an  amidobenzoic  acid  (meta),  which  differs  from 
the  amidobenzoic  acid  that  gave  the  salicylic  acid,  and  as  it  affords  an  oxybenzoic  acid 
(meta),  differing  from  salicylic  acid,  there  must  be  two  additional  hydrogen  atoms  in 
benzene  which  are  symmetrically  arranged  with  reference  to  the  one  replaced  by  the 
CO,H  group: 

abcdef  abcde  f 

|C,    CO,II    NH,    H      H     H    H=    C;,     CO,H     H      H      H      H        NH,j 

^C,  CO,H  OH     H      H  H  H=    C,  CO,H  H  H  H  H        OH  ' 

|C,  CO,H  OH     NO,  H  H  H     \C,  CO,H  H  H  H  NO,    OH 

J  C,  CO,H  NH,    NO,  H  H  H     YC,  CO,H  H  H  H  NO,    NH, 

jC,  CO,H  H        NO,  H  H  H=TC,  CO,H  H  H  H  NO,    H 

jC,  CO,H  H        NH,  H  H  H=rc,  CO,H  H  H  H  NH,    H 

'"C,  CO,H  H        OH    H  H  11=  YC,  CO,H  H  H  H  OH     H 

But  one  place,  therefore,  remains  for  the  third  oxybenzoic  acid,  the  paraoxybenzoic 
acid,  and  this  place — the  so-called  paraplace  or  position — is  possible  only  once  in 
benzene. 

TA^  six  hydrogen  atoms  of  benzene  are,  therefore^  equals  and,  as  two  pairs 
of  hydrogen  atoms,  symmetrically  arranged  with  reference  to  one  hydro- 
gen atom,  are  present  in  benzene,  a  disubstitution product  of  benzene  can- 
not occur  in  more  than  three  isomeric  forms. 

Basis  of  the  Determination  of  Position  of  the  Benzene 
Substitution  Products. — The  equal  value  of  the  six  hydrogen  atoms 
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of  benzene  finds  expression  in  the  hexagon  formula  proposed  for  benzene. 
In  showing  this  the  mutual  linkage  of  carbon  atoms  in  the  ben- 
zene ring  can  remain  in  the  background.  It  is  very  obvious 
that  every  diderivative,  CeH^X,,  resulting  from  the  replacement 
of  two  hydrogen  atoms  can  exist  in  three  distinct  modifica- 
tions. Their  isomerism  is  dependent  upon  the  relative  position 
of  the  two  groups  entering  the  benzene.  This  kind  of  isom- 
erism is  designated  isomerism  of  position  or  place  (i,  43). 
In  fact,  three  modifications  are  known  of  most  of  the  diderivatives.  In 
no  instance  are  more  than  three  known.     Thus  there  are  three 


Diozybenzenes 
Ozybenzoic  Adds 


Bromnitrobenzenes 

C.H,<C|]. 
Dimethyl  Benzenes 


Diamidobenzenes 
Toluic  Acids 


r  H  ^O" 

Nitrophenols. 
Phthalic  Acids,  etc. 


The  three  modifications  of  each  of  these  compounds  may  be  trans- 
formed into  the  corresponding  modifications  of  the  other.  Hence,  if  the 
relative  position  of  the  substituting  atoms  or  atomic  groups  of  the  three 
modifications  of  one  of  these  bodies  has  been  determined,  it  is  then 
known  for  all  the  others,  which  can  be  converted  into  the  three  modifi- 
cations of  the  first  body  by  easy  reactions,  unaccompanied  by  intramo- 
lecular atomic  rearrangements. 

It  has  been  pos^ble  to  ascertain  the  opposing  position  of  the  substi- 
tuting groups, — e,  g,y  for  the  three  dibrombenzenes,  the  three  diamido- 
benzenes, and  for  the  three  phthalic  acids, — and  thus  a  basis  has  been 
obtained  for  the  arrangement  of  the  other  disubstitution  products  into 
three  series,  which  have  been  distinguished  as  the  ortho-,  meta-y  Sind para- 
series. 

In  the  ortho-compounds  two  adjacent  hydrogen  atoms  of  benzene  have 
been  replaced.  Indicating  the  six  hydrogen  atoms  with  numbers  or  let- 
ters, and  arbitrarily  making  any  one  of  them  i  or  a,  it  will  be  obvious 
that  two  ortho-positions  are  present:  a,  b  =  a,  f  or  i,  2  =  i,  6  b  (2) 
and  f  (6)  are  symmetrical  with  reference  to  a  (i).  The  meta-bodies  result 
from  the  substitution  of  the  hydrogen  atoms  a,  c  =  a,  e  or  i,  3  =  i,  5. 
The  positions  c  (3)  and  e  (5)  are  symmetrical  to  a  (i).  The  para- 
compounds  dx\^  from  the  substitution  of  the  hydrogen  atoms  a,  d  or  i,  4. 
The  ortho-  and  meta-places  have  two  positions  of  equal  value,  5  and  6, 
also  3  and  5,  while  the  para-position  has  only  4  to  i. 

The  position  of  the  substituting  groups  in  diderivatives  is  indicated 
by  the  prefixes  ortho-,  meta-,  and  para-  before  the  names  of  the  com- 
pounds. These  are  usually  abbreviated  to  o-,  m-,  p-,  or  to  numbers 
included  in  brackets  and  placed  before  the  names:  [1,2]-,  [1,3]-, 
[1,5]-.  The  formula  is  usually  written  so  that  an  hexagon  expresses  the 
benzene  ring,  and  the  combined  atoms  or  atomic  groups  are  attached  to 
the  six  angles  of  the  hexagon.* 


♦  Dr.  Siegfried  VfaSf  has  suggested  a  simpler  method  of  wt\V\i\^.    \\t  x^^'^^^'tts  ^^ 
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Or,  by  inserting  the  designation  of  position  in  the  ordinary  formulas 
between  the  benzene  residue  and  the  substituting  groups — e.  g. : 


''°"=ca.,{[i]8S:"'' 


''^"♦{[aJoH* 


=C.H4{[^]2„ 


Pyrocatechol 
o-Dioxybenzene 
[i,  3]-Diozybenzeue 


Resorcinol 
in-Dioxybenzene 
[i  I  aJ-Dioxybeozene 


H^droquinone 

l>-Dioxybenzene 

[i ,  4]-Dioxybenzene. 


The  following  substances  may  also  be  mentioned  as  chief  representa- 
tives of  the  three  isomeric  series : 


Ortho,  [1,2]. 

Salicylic  Acid. 
Orthozylene. 
CeH^<^Q«[J  Phthalic  Acid. 


^eH4<co,H 


Mcta,  [1,3]. 

Metaozybenzoic 
Acid. 

Isoxylene. 
Isophthalic  Acid. 


Para,  [1,4.] 
Paraoxybenzoic  Acid. 

Paraxylene. 

Terephtbalic  Acid. 


Determination  of  the  Positions  in  Diderivatives. — Dismissing  for  the  moment 
the  mutual  linkage  of  the  six  carbon  atoms,  the  benzene  hexagon  permits  of  the  pre- 
diction of  two  chemically  identical  ortho-,  two  meta-,  and  one  para-derivatives.  The 
constitution  of  the  three  phthalic  acids  or  benzene  dicarboxylic  acids  is  evident  from  the 
following  facts  (B.  4,  501 ) : 

The  phthalic  acid  resulting  from  the  oxidation  of  naphthalene  is  the  [i,  2],  or  ortho- 
benzene  dicarboxylic  acid.  Naphthalene  consists  of  two  benzene  nuclei,  which  have  in 
common  two  C-atoms  holding  the  ortho-position. 

The  oxidation  of  nitronaphthalene  produces  nitro-o-phthalic  acid,  which  can  be 
changed  to  phthalic  acid.  o-Phthalic  acid  results  from  the  oxidation  of  amidonaph- 
thalene,  formed  from  nitronaphthalene.  This  is  because  the  oxidation  at  one  time 
destroys  the  one  and  then  the  other  side  of  the  naphthalene  molecule.  It  shows,  further, 
the  constitution  of  naphthalene,  and,  again,  the  constitution  of  phthalic  acid  as  the 
o-dicarboxylic  acid  of  benzene  : 


NO, 
hIsJ^CO,H~ 


Naphthalene  = 
CioHg 


H  H 

a-Amidoiiapbthalene 


Benzene-o-dicarboxy1ic  Acid, 
Phthalic  Acid. 


hexagon  by  a  horizontal  line  and  then  distributes  the  six  atoms  or  atomic  groups  in  the 
following  manner : 


NO, 


NOa    H 


H       H 
o-Dinit  robeijzene 


H,      NHr 


H  H 


H     H  "      "  H     H 
p-  Amidoazobetizcne. 
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Isophtbalic  acid  is  benzene-m-dicarboxylic  acid,  as  it  can  be  obtained  by  the  oxidation 
of  isoxylene.  The  latter  is  m-dimethylbeozene.  This  is  proved  by  its  formation  from 
mesitylenic  acid,  the  first  oxidation  product  of  mesitylene,  the  f  1,3,5]  trimetbyl- 
benzene : 


Mesitylene  Mesitylenic  isoxylene  isopntnaltc  Acid, 

li.3.5]-Triraetnylbenxene  Acid  [i,3]-Dimethylbenxene       Benzene-{i,3]-di- 

carboxylic  Acid. 


Ladenburg  demonstrated  that  mesitylene  was  really  [i,3,5]-trimethylbenzene,  in 
that  he  proved  the  three  non-substituted  hydrogen  atoms  of  the  mesitylene  to  be  of  equal 
value  (A.  179,  174)  : 


C.    (CH,),      H 
Ce    (CH,),    NO, 


b 
H 

NO, 

NH, 


C.    (CH,),    NO, 


C,    (CH,),    NO,    NHCOCH, 


c 
H 

H 

H- 


C,  (CH,), 

H    jC,  (CH.), 

.C,    (CH,\    NO,    NHCOCH,    NO,  JC,  (CH,),    NH(COCH,) 

jC,    (CH,),    NO,  NH,         NO,  jC,  (CH,),      NHCOCH,      NO,     H  or 

^C^    (CH,),    NO,  H  NO,  ▼C,  (CH,),  NH, 


a 

b 

c 

NO, 

H 

H 

NH, 

H 

H 

(COCH. 

)       H 

H 

NO,     H  or 


I 


a  =  b 
a  be 

C«    (CH,),      NHCOCH,      II     NO, 


q»    (CH,), 


NH, 


H     NO, 


The  course  of  the  proof  is  evident  from  the  preceding  diagram.  Mesitylene  yields 
dinitroroesitylene,  the  NO,  group  of  which  may  replace  the  hydrogen  atoms  a  and  d. 
From  it  we  get  nitroamido-,  nitroacetamido-,  dinitroacetamido-,  diniiroamido-,  and  di- 
nitromesitylene,  identical  with  the  starting-out  substance ;  consequently  d  and  c  are  of 
equal  value.  Nitroamidomesitylene,  in  which  it  is  assumed  that  the  NH,  group  occu- 
pies the  position  ^,  yields  mononitro-,  monoamido-,  monoacetamido-,  monoacetamido- 
nitro-,  monoamidonitromesitylene,  identical  with  the  first  nitroamidomesitylene  ob- 
tained by  reduction  of  dinitromesitylene ;  hence  a  and  6,  or  a  and  c,  are  of  equal  value, 
but,  as  6  and  c  are  considered  as  of  equal  value,  the  equivalence  of  the  three  nonsubsti- 
tuted  hydrogen  atoms  of  mesitylene  is  proved.  Mesitylene  is  S3rmmetrical,  therefore 
the  three  methyl  groups  in  it  must  occupy  the  position  [i,  3,  5]. 

The  position  [1-4]  is  all  that  remains  for  the  third  oenzene  dicarboxylic  acid,  tere- 
phthalic  acid.  This  can  be  proved  in  the  following  manner :  Terephthalic  acid  is  ob- 
tained from  p-dimethyl  benzene,  and  the  latter  from  pbromtoluene  (by  means  of  methyl 
iodide  and  sodium).  By  oxidation  p-bromtoluene  yields  p-brombenzoic  acid.  p-6rom- 
benzoic  acid  and  p-oxybenzoic  acid  belong  in  the  same  series,  as  p-oxybenzoic  acid 
can  be  made  from  the  same  p-amidobenzoic  add,  by  means  of  the  diazo- compound*  from 
which  p-brombenzoic  acid  can  be  prepared.  But  it  was  shown  in  the  precedm^'^^x^- 
graphs,  in  regard  to  p-oxjbenzoic  acid  (p.  34)  thai  lU  \rfdxoY)\  ^co>x^  xt.'^vi^^  «sx 
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hydrogen  atom  which  was  not  arranged  symmetrically  with  reference  to  any  other  hydro- 
gen atom  in  benzene. 

The  three  phthalic  acids  bear  a  genetic  relationship  to  the  diderivatives  of  benzene, 
which  do  not  contain  carbon-containing  radicals  as  substituents.  The  three  dinitro- 
benzenes  can  be  changed  to  nitroamido-,  bromnitro-,  bromamido*,  and  dibrombenzenes 
on  the  one  hand,  and,  upon  the  other,  into  nitrocyan-,  nitrocarboxyl-,  amidocarboxyl-, 
cyancarboxyl-,  and  phthalic  acids  by  reactions,  in  which  intramolecular  atomic  rearrange- 
ments have  not  been  observed  (B.  z8,  1492,  1496) : 

C.HK  J}g;->C^4<55Si~>  C^HK^r^^*-^  C^HK^H*-^  QHK  gj 

CH4<NO|_^  CH,<NO.„-^  C.H,<?g^»H-->  C.H*<CO^H->  C.H4<Cg.H 

W.  Kdmer,  in  1874  (Gazz.  chim.  ital.  4,  505),  proved  the  positv)n  of  the  substitu- 
ents in  the  three  dibrombenzenes  in  an  entirely  different  way.  This  was  also  done  for 
the  three  diamidobenzenes  in  1872  by  P.  Griess  (B.  5,  192;  7,  1223).  The  results  are 
concordant  among  themselves,  and  agree  with  that  obtained  in  previous  demonstrations. 
Kdmer  showed  that  by  converting  the  three  known  dibrombenzenes  into  tribrombenzenes 
the  first  dibrombenzene  would  furnish  two  dibrombenzenes,  the  second  three  different  tri- 
brombenzenes, and  the  third  but  one  tribrombenzene.  Proceeding  fifom  the  benzene 
hexagon,  Kdmer  concluded  that  the  first  dibrombenzene  contained  its  bromine  atoms  in 
the  ortho-position,  the  second  in  the  meta-,  and  the  third  in  the  para-positions.  This 
view  is  plainly  seen  in  the  subjoined  diagram.  The  hydrogen  atoms  are  omitted  for  the 
sake  of  cleamess : 


The  reverse  of  this  proof,  if  it  may  be  so  styled,  is  found  in  the  idea  which  P.  Griess 
carried  out  experimentally. 

There  are  six  isomeric  diamidobenzoic  acids.  The  diamidobenzene  which  results 
from  two  of  these  acids  by  the  exit  of  carbon  dioxide  is  the  o-compound,  that  one  which 
is  formed  from  three  of  the  acids  is  the  m-body,  and  the  product  from  the  sixth  acid  is 
the  para-derivative : 


Nil,  NH, 

ONH,  r^Nii, 

CO,H 

N , / 

NH 


NH. 


;o,H 

NH,    k       >^NH,  CO,H' 
CO,H 


NH, 


NH 


INH, 
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Farther  evidence  is  found  in  the  derivatives  of  the  three  isomeric  xylenes,  thus : 

Metaxylene  yields  3  nitroxylenes,  xylidines,  and  xylenols, 
Orthoxylene  yields  2  nitroxylenes,  xylidines,  and  xylenols, 
Paraxylene  yields  I  nitroxylene, 

from  which  it  may  be  concluded  that  meta-  or  isoxylene  and  isophthalic  acid  have  the 
position  ri,3]t  orthoxylene  and  phthalic  acid  the  position  [i»2],  and  paraxylene  and 
terephthfllic  acid  the  position  [1,4]  (B.  z8,  2687). 

That  two  adjacent  carbon  atoms  of  the  benzene  nucleus  do  indeed  carry  the  side- 
groups  in  the  ortho-compounds  is  further  obvious  from  their  ability  to  enter  simple  re- 
actions, in  which,  by  union  of  the  side-chains,  there  result  carbo-  and,  particularly,  hetero- 
cyclic condensadon  products  (compare  o-phenylenediamine,  o-amidophenol,  o-amido- 
thiophenol,  o-amidobenzaldehyde,  o-phthalic  acid,  o-oxycinnamic  acid,  etc.). 

There  are  also  crystallographic  grounds  favoring  the  idea  that  the  meta-compounds 
stand  between  those  of  the  ortho-  and  para-series  [Zeitschrifl  f,  Kryst.,  1879,  '7'  »  ^• 
x8,  R.  148). 

The  benzene  hexagon  not  only  expresses  all  the  relations  of  isomerism  of  the  benzene 
derivatives,  but  also  abundantly  illustrates  their  chemical  and  physical  deportment. 

Isomerism  of  the  Benzene  Polysubstitution   Products. — 

If  three  or  more  hydrogen  atoms  of  benzene  be  replaced,  two  cases  arise : 
the  substituting  groups  are  like  or  unlike.  In  the  first  instance  three 
isomerides  of  the  tri-derivatives — e,  ^.,  C5H,(CH,), — are  possible,  and 
they  occupy  the  positions: 

(I,  2,  3)     (I,  2,  4)     and    (I,  3,  5). 

We  call  them  adjacent  (i,  2,  3)  or  (v)  =  vicinal,  unsymmeirical 
(i,  2,  4)  or  (<w)  =  asymmetrical,  and  symmetrical  (i,  3i  5)  or  {$)  tri- 
derivatives. 

Three  isomeric  structural  cases  exist  likewise  for  the  tetra-derivatives,  with  four  similar 
groups,  CgHgX^  (analogous  to  the  di-derivatives) : 

(1,2,3,4)  (1,2,4,5)  (>»2.3»5) 

Adjacent  Symmetrical  Unsymmetrical. 

Only  one  modification  is  possible  when  there  are  five  and  six  similar  groups ;  thus 
there  exists  but  one  pentachlorbenzene,  C.HC1|,  and  but  one  hexachloride,  C,C1,. 

When  the  substituting  groups  are  unlike,  the  number  of  possible  isomerides  is  far 
greater ;  they  can  easily  be  derived  from  the  hexagon  scheme.  Thus,  six  isomeric  modi- 
fications correspond  to  the  formula  of  dinitrobenzoic  acid,  C0H,(NO,)| .  CO,H  : 

(1,2,3)    (1,2,4)    (1,2,5)    (1,2,6)    (1,3.4)    (1,3.5); 

here  the  carboxyl  group  occupies  position  I. 

The  constitution  of  the  polysubstitution  products  of  benzene  is  de- 
duced from  their  genetic  relations  to  the  diderivatives  of  benzene  of 
known  constitution. 

See  V.  Meyer,  B.  ag,  2564,  etc.,  upon  the  deportment  of  polyalkylic  benzene  deriv- 
atives when  the  acetyl  group  is  introduced  by  means  of  acetyl  chloride  and  aluminium 
chloride,  as  well  as  for  the  conclusions  to  be  drawn  from  the  same  in  regard  to  the 
position  of  the  substituents. 


CONSTITUTION  OF  THE  BENZENE  NUCLEUS. 

In  Keknl6*s  formula,  proposed  in  1865,  the  six  carbon  atoms  are  attached  lo  qtv^ 
another  by  alternating  single  and  double  bonds,  fornung  iL  c\o«ied  xva^  V;;^.  '^p^^    'WiNSk 
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assumption  gives  a  rather  comprehensive  view  of  the  entire  behavior  of  the  benzene 
derivatives : 

1.  It  illustrates  in  the  clearest  manner  possible  the  methods  which  have  been  employed 
in  the  synthesis  of  benzene  derivatives  (p.  41),  benzene  condensations,  naphthalene, 
phenanthrene,  etc.  This  has  all  been  verified  by  the  most  recent  syntheses  (that  of 
anaphtliol  from  phenylisocrotonic  acid,  etc. ).     Compare  also  B.  24,  31 17. 

2.  It  is  in  complete  harmony  with  the  decomposition  reactions  of  the  benzene 
nucleus  (p.  44). 

3.  It  gives  a  simple  explanation  of  the  fact  that  only  ortho-derivatives  (because  their 
side-chains  are  adjacent)  are  capable  of  forming  anhydrides,  and  explains  many  deriva- 
tives due  to  ortho-condensations.  I'he  accepted  benzene  formula  is  made  quite  evident 
from  the  manner  in  which  the  quinoline  ring  is  formed  (Marckwald,  A.  aSo,  I). 

4.  The  assumption  of  three  double  unions  offers  the  simplest  explanation  (withooi 
new  theories)  for  the  power  of  benzene  derivatives  to  yield  additive  products  (p.  18). 
True,  this  addition  does  not  occur  as  readily  with  the  normal  benzene  compounds  as  it 
does  with  the  methane  compounds,  in  which  there  exist  ethylene  unions ;  however,  ali- 
phatic olefine  derivatives  also  show  gradual  differences  in  this  particular  (see  allyl 
alcohol,  I,  p.  130).  Consult  v.  Baeyer,  A.  269,  18 1,  upon  the  assumption  of  para- additions 
in  benzene. 

5.  Various  physical  properties  argue  for  the  presence  of  double  unions,  like  those  of 
ethylene,  in  benzene.  Thus,  the  specific  refractive  powers  indicate  the  presence  of  three 
ethylene  unions,  CM  =  CII,  in  benzene  compounds,  and  five  in  naphthalene  (Brilhl, 
B.  27,  1065).  Compare  Nasini,  B.  23,  R.  276.  The  specific  volumes  of  the  benzene 
derivatives  appear  to  support  the  idea  of  three  double  unions  (I,  p.  60). 

Kckulc's  formula  for  benzene  does  i>ot  fully  express  the  entire  symmetry  of  the  ben- 
zene nucleus.  It  would  make  the  ortho  derivatives  (it  2)  and  (1,6)  different,  and  allow 
of  four  different  diderivatives,  unless  we  admit  Kekul^'s  idea  of  the  oscillations  of  the 
adjacent  carl>on  atoms  (A.  162,  86;  B.  5,  463;   A.  279,  195). 

Perhaps  in  the  formation  of  nn  ortho-diderivative  there  is  a  displacement  of  the  doable 
union  if  the  substituting  groups  attach  themselves  to  two  singly-linked  carbon  atoms  of 
the  ring,  so  that  that  derivative  will  always  be  produced  in  which  the  substituting  groups 
are  joined  to  doubly-linked  carbon  atoms.  The  easier,  more  complete  oxidation  of  the 
o  diderivatives,  as  compared  with  the  corresponding  m-  and  p-diderivatives,  harmonizes 
with  this  conception. 

It  cannot  be  denied  that  the  insufficiency  of  the  Kekuli  benzene  formula  is  observable 
when  predicting  the  existence  of  two  instead  of  one  modification  of  an  ortho-disubsti- 
tution  product.  It  may  also  be  remarked  that  the  many  analogies  predominating  be- 
tween the  ortho-  and  me ta- derivatives,  as  compared  with,  the  para-bodies,  are  not  fully 
expressed  by  this  formula.  However,  this  formula,  of  all  benzene  formulas,  is  given  the 
preference  in  this  book,  because  it  allows  of  a  most  complete  view  of  the  aromatic  and 
aliphatic  compounds. 

Attention  is  also  directed  to  other  benzene  formulas  :  The  diagonal  formula  of  Clans 
(A),  the  prism  formula  of  Ladenburg  (B,,  B,,  B,),  and  the  central  formula  oi  Arm- 
strong and  V.  Baeyer  (C)  : 


Claus : 
Diagonal  formula 


Ladenburg  : 
Prism  formula 


Afmstrong'Baeyfr : 
Central  formula. 


Formulas  A  and  B  do  not  regard  double  unions  as  being  present  in  the  normal  ben- 
zene nucleus.    The  existence  of  nine  single  linkages  was  thought  to  have  been  definitely 
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proved  by  the  specific  volumes  of  the  benzene  compounds,  and  especially  by  their  heats 
of  combustion  (Theorie  der  Bildungsw&rme  von  J.  Thomsen,  B.  13,  1808 ;  14,  2944). 
According  to  the  most  recent  researches,  the  specific  volumes  argue  strongly  for  the  pres- 
ence of  three  divalent  unions  in  the  benzene  nucleus,  while  the  conclusions  drawn  from 
the  heat  of  combustion  are,  in  the  opinion  of  Briihl,  unfounded  (J.  pr.  Chemie  [2],  49, 
201). 

Ladenburg's  prism  formula  fully  accounts  for  all  the  static  relations  of  benzene,  and 
explains  its  isomeric  derivatives.  It,  however,  ignores  all  the  double  unions,  which  are 
proved  t)y  the  partially  reduced  benzene  nuclei  of  the  di-  and  tetra-bydroadditive 
products.  It  establishes  a  spacial  orientation  of  the  four  affinities  of  the  carbon 
atoms,  which  is  without  analogy  in  the  paraffin  series,  and,  in  the  opinion  of  its  author, 
leaves  to  the  formula  of  Kekul6  the  first  place  in  explaining  the  various  modes  of  for- 
mation and  the  decompositions  of  the  benzene  compounds  (B.  23,  loio). 

The  diagonal  formula  of  A.  Claus,  with  its  hexagonal  ring  and  its  diagonal  or  central 
linkages,  explains  all  the  isomeric  relations  of  the  derivatives  of  benzene  fully  as  well  as 
the  hexagon  formula.  It  has  the  advantage  that  it  permits  of  the  formation  of  either 
para-  or  ortho-additive  products,  because  it  grants  the  double  carbon-linkages  in  both  the 
di-  and  tetra-hydrobenzenes  (B.  ao,  1422;  J.  pr.  Ch.  [2],  49,  505).  But  it  also  pre- 
sents an  orientation  of  the  four  carbon  affinities  that  is  without  analogy,  and  introduces  a 
peculiar  central  valence,  diffisring  from  that  of  the  two  ring  valences. 

Baeyer  has  very  recently  introduced  a  central  formula ^  which  is  very  similar  to  the 
diagonal  formula,  but,  unlike  the  latter,  does  not  admit  the  presence  of  central  linkages. 
It  does  not  attempt  to  account  for  the  state  or  condition  of  the  fourth  valence  of  carbon, 
but  maintains  merely  that  it  exerts  a  pressure  directed  toward  the  center.  It  thus  re- 
verts to  the  hexagonal  formula  of  benzene  (Kekuli),  which  makes  no  attempt  to  explain 
the  manner  in  which  the  fourth  valences  are  combined  (B.  33,  1272 ;  24, 2689 ;  A.  269, 
145^;  B.a4,  R.  728). 

Certain  constitutional  formulas  proposed  for  benzene — e,  g. ,  the  octahedral  formula  of 
Thomsen  (B.  19,2944)  and  the  very  noteworthy  benzene  model  of  Sacchse  (B.  2Z, 
2530;  Z.  f.  phys.  (^.  ZZ,2I4;  23,  2062) — are  based  on  stereo-chemical  considerations, 
'fbe  Ch.  Zcg.  (1894)  18,  155,  contains  a  list  of  benzene  formulas. 


BENZENE  RING-FORMATIONS. 

The  nucleus-synthetic  reactions  of  aliphatic  bodies,  in  which  the  ben- 
zene ring  is  produced,  are  not  especially  numerous,  but  they  are,  how- 
ever, very  important,  because  they  connect  the  aliphatic  with  the  aro- 
matic derivatives  containing  one  nucleus.  On  this  account  they  will  be 
brought  together  before  the  individual  classes  of  compounds  are  discussed, 
and  will  be  arranged  in  the  order  according  to  which  the  starting-out 
bodies  under  the  aliphatic  compounds  have  been  discussed : 

1.  CH4,  Methane^  conducted  through  a  tube  heated  to  redness,  yields 
benzene. 

2.  jCIfeCH,  Acetylene y  polymerizes  at  a  red  heat  to  benzene  (i,  p.  96). 
3a.  3CH=C .  CH„    Allyiene,  is    polymerized  by   concentrated   sul- 
phuric acid  \.o\i ^^,$ytrimethyibenzene  or  mesitylene  (i,  p.  98). 

3^.  3CH, .  C=C  .  CH„  Crotonylene,  polymerizes  to  hexamethylbenzene, 

4.  CCI4,  Perchlormethane,  and  CCl,=CCl„  perchlorethylene^  yield 
perchhrbenzene  when  they  are  conducted  through  a  tube  heated  to  red- 
ness; comi^xt  perbrombenzene, 

5.  3CH=CBr,  Monobromacetylene^  polymerizes  to  [i,3,5]-tribrom- 
benzene  fi,  p.  106). 

6.  CtH^I,  Hexyiiodide,  when  acted  upon  by  \od\t\e  e\\\oV\(i^,  >5\^^^ 
hexiuA/t^^^Mg^fr^/  with  bromine  the  product  is  hexabromhenztnt. 


-^'  tj:.:'..j. 
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7tf.  (CH,),CH.CH,.CH:CH.C(CH,):CH.CHO,  Geranial,  or 
citral^  yields  \\,/^'isopropylioluene  or  cymene,  when  it  is  acted  upon  with 
potassium  bisulphate. 

^b,  CH, .  CH, .  CH :  C(CH,) .  CH  :  CH .  CO .  CH„  from  methyl  ethyl 
acrolein  and  acetone,  yields  pseudo-cumetie, 

7^.  (C,H,) .  CH, .  CH :  C(C,Ht)  .  CH :  CH .  CO .  CH„  from  two  mole- 
cules of  isovaleraldehyde  and  one  molecule  of  acetone,  yields  di'tsopropyl- 
toluene  (B.  28,  R.  608). 

8a,  3CHs.  CO.CH3,  Acetone^  under  the  influence  of  sulphuric  acid, 
yields  [i^^,^']tnmethyidenzene  or  mesitylene  (l,  p.  214). 

%b,  3CH, .  CO .  CH, .  CH5,  Methylethylketone,  changes  to  [1,3,5]-/^*- 
ethylbenzene, 

8r.  3CH, .  CO .  CH, .  CH, .  CH„  Methylnpropylketone,  yields  [1,3,5]- 
tri-n-propy  [benzene. 

9.  6C0,  Carbon  monoxide^  combines  at  high  temperatures  with  potas- 
sium to  form  potassium  hexaoxybenzene  (i,  p.  236). 

10.  3CHs .  CH, .  CH, .  COCl,  Butyryl  chloride,  is  condensed  by  A1,C1« 
to  trie  thy Iphloroglucin, 

11.  3CH=C .  CO,H,  Propiolic  acid,  polymerizes  in  sunlight  to  [1,3,5]- 
benzenetricarboxylic  acid  or  trimesic  acid. 

12.  3N0,CH(CH0)„  Nitromalonic  aldehyde^  passes  into  sym.  trimtro- 
benzene,  when  its  sodium  salt  is  decomposed. 

13.  NO, .  CH(CHO)„  Nitromalonic  aldehyde,  and  CH, .  CO  .  CH„  ace- 
tone, y'\G\d  p-nitrophenoHJ^.  28,  2597). 

14.  3CH3 .  CO  .  CH  =  CH  .  OH,  Oxymethylene  acetone,  or  formyl 
acetone,  condenses  very  easily  t<x  \\,'^,^''triacetylben%ene,  CeHs(COCH,)3 

(I.  P-  319)- 

1 5^1.  2CH3 .  CO .  CO .  CH3,  Diacetyl,  is  condensed  by  alkalies  to  p- 
xyloquinone  or  \2,^'dimethylquinone. 

15^.  2CHs .  CO.  CO  .  CH, ,  CH„  Acetylpropionyl,  yields  duroquinone 
or  tctramethylquinone. 

16.  3CH(OH)==CH.CO,.C,H5,  Oxymethylene  acetic  ester  ox  farmyl- 
acetic  ester,  and  its  dimolecular  condensation  product,  caumalic  acid^ 
condense  quite  readily  to  esters  of  \^i,^,^']'benzene  tricarboxylic  acid  or 
trimesic  acid. 

I  ya.  2CHs .  CO  .  CO,H,  Pyroracemic  acid,  and  CH, .  CHO,  acetalde- 
hyde,  when  heated  with  baryta  water,  condense  to  [  1,3,5 J-w^M^/w^- 
phthalic  acid  or  uvitic  acid. 

I  yb.  2CHs .  CO  .  CO,H,  Pyroracemic  acid,  and  CH, .  CH, .  CHO,  pro- 
pionic aldehyde,  yield  [^i,^,$']-ethylisophthalic  acid. 

18.  2CH3 .  CO .  CHNa .  CO, .  C,H5,  Sodium  acetoacetic  ester,  and 
CHCl,,  chloroform,  rearrange  themselves  to  oxyuvitic  ester  or  oxy methyl- 
isophthalic  ester. 

CH,.C:CH.CO.CH.CO.CH, 

19.  I  I  ,  Dehydracetic  acid,  yields  orcinol  ox 

3 , 5  'dioxy toluene. 

20.  2CH, .  CO .  CH, .  CO  .  CO2 .  C,H5,  Acetonoxalic  ester,  condenses 
to  oxytoluic  ester. 
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It  is  very  doubtful  whether  a  synthesis  occurs  in  the  production  of  melluic  acid 
ot  bmune  hexacarboxylu  acid^  C,(CO,H)f,  by  the  oxidation  of  coal  or  graphite.  It  is 
more  probable  that  this  reaction  must  be  regarded  as  a  transformation  or  rearrangement 
of  a  carbon  nx>lecule  consisting  of  twelve  carbon  atoms. 

Reviewing  the  aliphatic  bodies  which  are  converted  into  benzene  de- 
rivatives by  nucleus-synthetic  reactions^  it  will  be  discovered  that 

1.  Certain  saturated  bodies  like  methane  (i)  and  tetrachlormethane 
(4)  yield  the  benzene  ring  under  the  influence  of  heat, — hy  pyrocomien- 
sation.  Many  benzene  derivatives,  like  benzene,  the  methvl  benzenes, 
the  simple  amido-  and  oxybenzenes,  are  distinguished  by  tneir  remark- 
able stability  at  high  temperatures  (see  coal  tar,  p.  48). 

2.  Perchlorbenzene  has  been  observed  in  the  exhaustive  chlorination 
of  many  aliphatic  substances.  Hexyl  iodide  (6)  is  converted  into  per- 
chlor-  and  perbrom-benzene  with  especial  ease. 

3.  A  great  number  of  aliphatic  acetylene  derivatives  containing  a 
trebly-linked  pair  of  carbon  dXoms  polymerize ^  and  by  the  union  of  three 
similar  molecules  form  benzene  derivatives.  The  polymerization  of 
acetylene  to  benzene  (2)  occurs  with  the  greatest  difficulty.  Bromacety- 
lene  (5)  polymerizes  much  more  readily.  Allylene  (3a)  and  crotonylene 
(3^)  require  sulphuric  acid,  and  propiolic  acid  (11)  sunlight  in  order  to 
bring  about  aromatic  polymerization. 

The  other  aliphatic  compounds  capable  of  condensing  to  aromatic 
substances,  which,  in  other  words,  manifest  aromatic  condensation ^  contain 
carbon  and  oxygen  linked  doubly  to  each  other.  Many  of  them  are 
ketones;  others  contain  the  oxymethylene  group. 

4.  The  production  of  potassium  hexaoxy benzene  from  carbon  monoxide 
and  potassium  (9)  is  based  upon  a  direct  addition-reaction.  The  follow- 
ing are  hydrolytic  condensations : 

5.  The  ring-formation  in  the  transition  of  citral  or  geranial  and  other 
high  molecular  keto-olefines  into  cymene,  pseudocumene,  and  isopropyl- 
toluene  (7a,  by  r),  as  well  as  the  condensation  of  dehydracetic  acid  to 
orcinol  (19).     This  proceeds  with  the  exit  of  carbon  dioxide. 

6.  The  condensation  of  acetone,  methyl  ethyl-  and  methyl-n -propyl- 
ketone  to  [i,3,5]-trialkylic  benzenes  (8^,  %b,  8^).  A  similar  reaction 
is  that  of  butyryl  chloride,  which  splits  off  hydrochloric  acid  three  times 
and  condenses  to  triethylphloroglucin  (10). 

7.  The  condensation  of  pyroracemic  acid  and  aldehydes  to  [1,3,5]- 
alkylic  isophthalic  acids  (17a,  17^). 

8.  The  condensations  of  nitromalonic  aldehyde  and  of  the  oxy- 
methylene compounds  (12,  13,  14,  16)  are  related  to  the  condensations 
considered  under  6  and  7. 

9.  Two  aliphatic  molecules  take  part  in  the  hydrolytic  condensation  of 
a  diketones — e,  g,,  diacetyl  and  acetylpropionyl  to  p-xylo-  and  duro- 
quinone  (15^,  15^)  ;  (10)  acetonoxalic  acid  to  oxytoluic  acid  (20). 

II.  Three  aliphatic  molecules  (18)  participate  in  the  condensation  of 
chloroform  and  sodium  acetoacetic  ester. 

Various  other  reactions  attach  themselves  to  those  indicated  in  the 
preceding  paragraphs,  which  lead  to  the  formation  ot  \\\^  Xicvvx^w^  "cvtv^. 
They  result  in  the  production  of  hydroaromalxc  cotv\^>\xv^'s»,  Xifc^xvcv^ 
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an  intimate  kinship  to  the  derivatives  of  benzene.     Some  of  them 
are: 

1.  Sodium  malonic  ester  condenses  to  phloroglucin  tricarboxylic  ester, 
sodium  acetone  dicarboxylic  ester  to  dioxyphenylaceto-dicarboxylic 
ester,  while  triketohexamethylene  dicarboxylic  ester  is  formed  from 
acetone  dicarboxylic  ester  and  malonic  ester  (B.  29,  R.  1117).  All 
these  condensation  products  are  probably  hexahydrobenzene  derivatives. 

2.  Succinic  ester  is  condensed  by  metallic  sodium  to  succinylosuccinic 
ester. 

3.  ap'-Diacetoglutaric  ester  changes  readily  to  3-methyl- J,-ketohexa- 
methylene.  Condensations  of  ^-diketo  bodies,  such  as  the  preceding,  are 
rather  numerous.  Thus,  ^-acetobutyric  ester,  CH,.  CO.  CH, .  CH,.- 
CH, .  COOCjHj,  and  sodium  ethylate  yield  dihydroresorcinol,  which 
conversely  breaks  down  into  ^-acetobutyric  acid  (compare  decomposi- 
tions of  the  benzene  ring). 

Other  methods  showing  the  synthesis  of  hydroaromatic  compounds 
have  already  been  given  (pp.  20,  21). 


DECOMPOSITIONS  OP  THE   BENZENE   RING. 

The  benzene  derivatives  in  general  are  characterized  by  the  stability 
of  the  benzene  ring.  To  break  the  latter  down  the  proper  benzene 
bodies  are  acted  upon  by  reagents  which  open  up  the  double  union  in 
part  or  entirely.  Hence,  the  decomposition  is  invariably  preceded  by 
the  formation  of  hydroaromatic  intermediate  products,  which  usually 
cannot  be  isolated.  Often  decomposition  products  result,  which  still 
contain  the  six  carbon  atoms  in  the  molecule  as  an  open  chain,  but 
usually  they  are  fragments  of  the  decomjx)sition,  and  in  some  instances 
they  are  pentacarbocyclic  derivatives  formed  from  hexacarbocyclic 
a-diketones. 

The  phenols,  amidophenols,  qui  nones,  oxyquinones,  and  phenol  car- 
boxylic  acids  are  most  suitable  for  the  ring  decomposition. 

1.  Decomposition  by  Moderated  Oxidation. — Although  ener- 
getic oxidation  decomposes  the  benzene  nucleus  of  the  aromatic  sub- 
stances referred  to  in  such  a  manner  that  bodies  containing  two  carbon 
atoms  result, — e.g.y  carbon  dioxide,  formic  acid,  and  oxalic  acid, — yet  it 
has  been  possible,  by  means  of  nitrous  acid,  to  oxidize  pyrocatechol  or 
[i,2]-dioxybenzene,  C,H4[i,2](OH)„  and  protocatechuic  acid  or  [3,4]- 
dioxybenzoic  acid,  CO,H[ijCeH8[3,4](OH)„  to  dioxytartaric  acid 
(Kekul6). 

Phenol,  CeHjOH,  has  been  converted  by  dilute  potassium  perman- 
ganate into  mesotartaric  acid  (Dobner). 

2.  Decomposition  by  Simultaneous  Chlorination  and  Oxi- 
dation.— When  benzene  is  treated  with  potassium  chlorate  and  sulphuric 
acid,  trichlorphenomalic  acid  or  /9-trichloracetoacrylic  acid  (i,  p.  382)  is 
produced  (chlorquinone  is  an  intermediate  product),  which  breaks  down, 
under  the  influence  of  baryta  water,  into  chloroform  and  maleic  acid 
(Kekul6  and  Strecker) : 
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CO,H 


CO,H 

/ 
CH 


CO 
Chlorquinone 


CH    CCl, 

\/ 

CO 

Trichlorphenomalic 

Acid,  or  /}-Trichloraceto- 

acrylic  Acid 


CH 

\ 

CO,H 
Maleic  Acid. 


+  HCCl,. 


Potassium  chlorate  and  hydrochloric  acid  change  phenol,  salicylic  acid,  or  o-oxyben- 


zoic  acid,  CO,H[i]CeH^[;2]OH,  and  gallic  acid,  CO,Hri]C,H,[2,3,4](OH), 
chlorpyroracemic  acid  or  isotrichlorglyceric  acid,  CCI,C(OH),CO,l^I  (see  i,  370 


,  into  iri- 


370). 


riOH,2,4,6]-trinitrophenol 
id  lime-water  change  it  to 


Bleaching  lime  converts   picric  acid   or 
into  chlorpicrin  (vol.  i),  while  bromine  anc 
brompicrin  (vol.  i). 

Zincke  has  given  an  interesting  method  for  the  decomposition  of  the 
benzene  nucleus.  It  consists  in  preparing  chlorinated  Rhexene-  and 
R-hexylene  ketones  from  suitable  aromatic  bodies,  and  then  decompos- 
ing the  first. 

Four  examples  may  be  given.  The  first  three  attach  themselves  to  the  three  dioxy- 
benzenes  and  the  fourth  to  [i,3,5]-trioxybenzene  or  phloroglucin. 

I.  Chlorine  converts  pyrocatechol  or  o-dioxybenzene  first  into  tetrachlororthoqui- 
none,  and  this  into  hexachlor-o-diketo*R-hexene.  The  latter  compound,  when  digested 
with  water,  sustains  a  rearrangement  into  hexachlor-R  penteneoxycarboxy lie  acid,  which 
chromic  acid  oxidizes  to  hexachlorketo-R-pentene.  Caustic  soda  resolves  the  Rpentene 
ketone  into  perchlorvinylacrylic  acid,  which  becomes  ethidenepropionic  acid  upon  reduc- 
tion (B.  27.  3364)  : 


CCl 

CCl 

CCl    CO 

1     1- 

CCl    CO 

dCl    CO 
cell  CO 

\/ 

\/ 

CCi 

cell 

Telra- 

Hexachlor-o- 

chlor-o- 

diketo- 

quinone 

R-hexene 

CCl                               CCl                      CCl 

CHi 

(XI  \                ra  \          (xi  co,H 

/\ 
CH     CO«H 

ceil    /     C"    ~"^CCI,     /              CCl            ^ 

CH 

\ 

ceil                    cell               ceil 

CH, 

Hexachlor-R-             Hexachlor^           Perchlor- 

Ethidene^ 

penteneoxy-                    kelo-                     vinyl- 

propionic 

carboxylic  Acid            R-pentene          acrylic  Acid 

Acid. 

2.  The  decomposition  of  hydroquinone  proceeds  more  simply.  Tetrachlorparaqui- 
none  is  readily  formed  by  the  action  of  chlorine  upon  hydroquinone  or  quinone,  as  well 
as  by  the  action  of  potassium  chlorate  ailtt  hydrochloric  acid  upon  phendl.  The  further 
addition  of  chlorine  leads  to  hexachlorparadiketo- R-hexene,  which  is  converted  by  alco- 
holic potash  into  perch loracroylacrylic  acid.  The  latter,  and  also  hexachlorparadiketo- 
R-hexene  itself,  are  decomposed  by  aqueous  caustic  soda  into  dichlormaleic  acid,  tri- 
chlorethylene,  and  hydrochloric  acid  (A.  267,  i) : 


COsH 
/ 

CCl    ceil 


CCl     CCl 

\  / 

CO 

Perchloracroyl- 
acrylic 
Acid 


eo«H 
CCI  ceil 

Ml  +11 

eei  CHCi 

\ 
eOiH 

D\cVv\oT-   Tt\cVv\o\- 
Acid 
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3.  Chlorine  converts  resorcinol,  in  glacial  acetic  solution,  into  pentachlorresorcinQl, 
and  this  into  heptachlorresorcinol.  Both  m-diketochlorides  are  decomposed  by  cold 
water;  the  pentachlor-derivative  yields  dichloracetotrichlorcroConic  acid,  while  the 
hepta-  body  yields  trichloracetopentachlorbntyric  add  under  the  influence  of  chlorine 
and  water.  When  dicbloracetotrichlorcrotonic  add  b  boiled  with  water  it  becomes  di- 
chlormethylchlonrinyl  o-diketone.  Trichloracetopentachlorbntyric  acid  is  decomposed 
by  alkalies,  the  same  as  trichloracetoacrylic  acid,  into  chloroform  and  pentachlorglutaric 
acid.  If,  however,  it  be  treated  with  boiling  water,  it  changes  to  tetrachlofdiketo-R- 
pentene,  which  chlorine  converts  into  the  chloride  of  perchloracetoacrylic  acid.  Water 
changes  the  chloride  to  the  acid,  which  alkalies  decompose  into  chloroform  and  dichlor- 
malelc  acid : 


CO                   CO,H 

/\                / 

CCl  CClt        CCl  CC1,H        CCIH  CClgH 

v^ii    T  ->ii    T    ->ii     T      +CO, 

/     CH  CO          CH   CO             CH      CO 

C(OH) 
CH    CH             > 

/            \/                \/                    \/ 

/^               ecu                CCl,                     CO 

Pentachlor-     Dichloraceto-     Dicblormetbyl- 

in  C(OH)'^^ 

resorcinol     trichlorcrolonic     cbIorvinylH>- 
Add                 diketooe 

Resorcinol 

CO                       CO,H                CO,H 

/\                  /                      / 

CClX       YCU        CCl.    CCl,        CCl, 

-^1          1     -->l                     +  CHCl, 
CHCiL          JCO           CHCICO          CHCICCH 

\r           ^  ^        \  / 

CCI,                       CCl,                  CCl, 

Heptachlor-         Trichloraceto-      PenUchlor-       Chloroform 

resorcinol        pentacblorbutyric      gltitaric 

y           Acid                   Acid 

1/ 
CO-CCl,        COCl  CCl,        COfH   CCl,        CO,H 

CCl  CO  — x:ci    co->cci     co  — ><:ci  co,h  +  hcci, 

CCl                   CCl                      CCl                    CCl 

Tetrachlor-    Perch loraceto-    Perchloraceto-     Dichlormal^c 

diketo-R-     acrylic  Chloride    acrylic  Acid               Acid. 

pentene 

4.  Phloroglucin,  or  [i,3,5]-trioxybenzcne,  behaves  just  like  resorcinol.  Chlorine 
converts  it  into  hexachlor-ri,3,5]-triketo-R-hexylcne.  Water  and  chlorine  decompose 
the  triketone  into  octochloracetylacetone ;  methyl  alcohol  changes  it  to  the  dimethyl 
ester  of  dicblormalonic  acid,  and  sym.  tetrachloracetone ;  while  with  ammonia  it  yields 
three  molecules  of  dichloracetamide  (B.  23,  1706)  : 


COfCH, 
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CCl, 


CCliH 

-h  io 


CO,CH,  CC 


CO,CH,  CC1,H 
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CO       CO 

\    / 

CCl. 
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3NH, 


CONH, 

CHCl, 
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acetamide. 

>- 


In  the  four  preceding  examples  the  decomposition  occurs  between  a  CO-group  and  a 
CCl,-group  of  a  ketochloride.  Zincke  Brst  elaborated  these  reactions  in  the  naphthalene 
series,  and  used  them  to  effect  the  decomposition  of  the  one  naphthalene  nucleus,  and 
for  the  transformation  of  naphthalene  into  indene  derivatives.     Later  he  extended  them 
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to  the  phenols  and  other  aromatic  bodies  which  have  been  mentioned.  Hantzsch,  in  like 
manner,  effected  the  decomposition  of  phenol  in  an  alkaline  solution,  and  changed  it  to 
cyclopentene  compounds  (B.  aa,  1238). 

3.  Decomposition  by  Reduction  in  Alkaline  Solution.— This 
decomposition  is  shown  by — 

I.  The  o-phenolcarboxylic  acids  when  they  are  reduced  by  metallic 
sodium  in  amyl  alcoholic  solution.  It  is  very  probable  that  the  inter- 
mediate products  of  the  reduction  are  tetrahydroacids  and  their  products 
of  rearrangement — the  hydroaromatic  o  ketone  carboxylic  acids.  The 
latter  absorb  water  and  become  pimelic  acids.  Salicylic  acid  is  converted 
almost  quantitatively  into  n-pimelic  acid,  while  o-,  m-,  and  p-cresotinic 
acids  yield  the  three  isomeric  methyl  pimelic  acids  (Einhorn  and  Will- 
statter,  B.  28,  R.  744) : 


HC 


COOH  CXX)H  COOH  COOH 

C  C  CH  CH, 


C.OH  CH,    COH  CH,    CO  CH,    COOH 


HC    CH  CH,    CH,  CH,    CH,  CH,    CH, 

\/  \/  \/  \/ 

CH  CH,  CH;  CH, 


This  reaction  has  been  carried  out  with  equal  success  with  the  naph- 
thalene-o-oxycarboxylic  acids  (see  decompositions  of  the  naphthalene 
ring). 

II.  Reduction  changes  resorcinol  into  dihydroresorcinol,  which  is  con- 
verted into  n-glutaric  acid  by  oxidation  with  potassium  permanganate 
(Merling,  A.  278,  32).  If  dihydroresorcinol  be  heated  for  several  hours 
with  a  concentrated  baryta  solution  to  150-160**,  it  takes  up  water  and 
decomposes  into  ^-acetobutyric  acid  (Vorlander,  B.  aS,  2348) : 

C(OH)  CO  CO 

y  \  y  \  /  \ 

HC    CH  CH,    CH,  CH,    CH, 

HC    C(OH)  CH,    CO  CH,    COOh' 


CH, 
This  reaction  can  be  made  retrogressive  (compare  p.  44). 


I.  BENZENE  HYDROCARBONS  CONTAINING  A  SINGLE 

NUCLEUS. 

Benzene,  Phem,  C,He,  melting  at  +  5.4°  and  boiling  at  80.4**  (760 
mm.),  is  the  parent  hydrocarbon  of  the  aromatic  compounds.  It  is  pro- 
duced in  the  dry  distillation  of  coal,  and  is  accordingly  present  in  coal 
tar,  accompanied  by  thiophene,  C4H4S  (a  body  which  taac^  \ifc  \^^^\Vi 
confounded  ir/VA  It  In  physical  properties),  and  numwous  oOcv^x  ^wn^- 
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tives.  Pure  benzene  is  obtained  by  heating  benzoic  acid  or  other  ben- 
zene polycarboxylic  acids  with  lime.  It  is  prepared  synthetically  by 
heating  acetylene  to  high  temperatures  (Berthelot,  1870). 

benzene  is  obtained  from  coal  tar  by  fractional  distillation.  The  presence  of  thio- 
phene  in  it  is  readily  determined  by  the  indophenine  or  phenanthimqninone  reactioo  (see 
thiophene).  The  thiophene  can  be  removed  from  the  benxene  by  shaking  the  latter  witb 
concentrated  sulphuric  acid,  or  by  acting  upon  it  with  alominium  chloride  (B.  ag,  R. 
1000,  1152).  It  is  finally  purified  by  surrounding  it  with  a  freezing  mixture,  and  the 
crystalline  benzene  is  pressed  out  in  the  cold. 

History  (13.  23,  1 271). — Faraday  (1825)  discovered  benzene  in  an  oil  obtained  by  the 
conipression  of  illuminating  gas.  In  1834  Mitscherlich  obtained  it  by  distilling  benzoic 
acid  with  lime,  and  in  1845  Hofmann  found  it  in  coal  tar. 

Properties, — Benzene  is  a  mobile,  ethereal-smelling  liquid,  of  specific 
gravity  0.899  ^^  0°  (08799  ^*  ^o**).  It  bums  with  a  luminous  flame, 
mixes  with  absolute  alcohol  and  ether,  and  readily  dissolves  resins,  fats, 
and  many  carbon  compounds,  some  of  which  crystallize  out  in  com- 
bination with  the  benzene  (see  triphenylmethane).  Sulphur,  iodine,  and 
phosphorus  are  also  soluble  in  benzene. 

Dfporlmmt  and  Transformations. — (\\  When  benzene  is  conducted  through  tabes 
heated  to  redness  it  loses  hydrogen  and  cnanges  partly  into  diphenyl,  C^H^ .  C,H(,  di- 
phenyl  benzenes,  ([^({^(CfHj),,  etc.,  and  in  part  into  acetylene.  (2)  If  benzene  be  acted 
upon  with  manganese  dioxide  and  sulphuric  acid  some  benzoic  acid  is  produced,  due  evi- 
dently to  the  diphenyl  formed  at  first  (A.  aaz,  234),  and  also  o-phthalic  acid.  The 
benzene  is,  however,  quite  stable  in  the  presence  of  oxidants;  but  when  potassium 
chlorate  and  sulphuric  acid  act  upon  it,  it  is  torn  asunder  and  becomes  trichlorphenomalic 
acid  or  /^-trichloracetoacrylic  acid  (p.  45).  Benzene  exposed  for  a  long  period  to  the 
action  of  ozone  changes  to  a  white,  amorphous  m2&'i—o%obentene.  This  is  a  very  ex- 
plosive body.  It  has  the  formula  C^H^O,.  Water  slowly  decomposes  it  (B.  28,  R.  540, 
'054)-  (3)  Hydriodic  acid  reduces  it  to  [cyclohexane]  or  hexahydrobenzene  (see  this) 
(A.  278,  88).  (4)  Chlorine  and  bromine  not  only  add  themselves  to  benzene,  but  also  re- 
place its  hydrogen  (p.  58).  (5)  Nitric  acid  converts  it  into  nitrobenzene,  CLH5N0y 
(6)  Sulphuric  acid  changes  it  to  benzene  sulphonic  acid,  CfH^SOgll.  These  last  two 
compounds  are  made  u|x>n  a  technical  scale.  Alkyl  residues  can  be  introduced  into 
benzene  by  the  action  of  Al^Cl^  and  alkylogens  (see  formation  (4)  of  benzene  hydro- 
carbons, p.  50).  (7)  Benzene  and  aldehydes  are  condensed  by  sulphuric  acid  to  higher 
aromatic  hydrocarbons  (see  diphenylmethane  and  diphenylethane). 


COAL  TAR. 

Not  only  benzene,  but  also  numerous  methyl  benzenes  and  many 
more  highly  condensed  aromatic  hydrocarbons,  like  naphthalene^  C,oH„ 
acenaphthene,  C„H,o,  fluorene^  CuHio,  anthracene  and  phenanthrene^ 
^'iiHio,  fliwranihene,  CijHio,  pyrene,  C„H|o,  chrysene^  CnHu,  etc.,  are 
obtained  by  the  dry  distillation  of  coal.  They  are  present  in  coal  tar, 
which  is  produced  in  great  quantities  in  the  manufacture  of  illuminating 
gas  and  in  the  coke  industry.  In  addition  to  gas  and  tar,  which  are 
products  of  coal  distillation,  mention  must  also  be  made  of  the  ammonia 
water.  These  are  the  volatile  products.  Coke  remains  in  the  retorts. 
It  is  a  better  fuel  than  coal ;  it  is  richer  in  carbon. 

The  rapid,  brilliant  development  of  the  chemistry  of  the  benzene  de- 
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rivatives  is  largely  due  to  the  fact  that  the  aromatic  parent  hydrocarbons 
are  so  largely  present  in  coal  tar,  and  are  accessible  in  large  amounts 
through  various  technical  industries.  The  very  nature  of  the  paraffins  ren- 
ders them  unsuitable  for  the  preparation  of  the  aliphatic  bodies,  whereas 
the  benzene  hydrocarbons,  because  of  the  readiness  with  which  they  enter 
into  all  kinds  of  reactions,  constitute  not  only  the  systematic,  but  also 
the  practical  foundation  for  the  upbuilding  of  the  chemistry  of  the  aro- 
matic derivatives.  Coal  tar,  which  contains  these  hydrocarbons,  is  an 
inexhaustible  source  for  the  preparation  of  numerous  benzene  derivatives, 
not  a  few  of  which  have  found  extensive  application  as  dyes  or  medi- 
cines. 

The  Working  of  Coal  Tar  for  Aromatic  Hydrocarbons. — ^The  tar  con- 
tains not  only  aromatic  hydrocarbons,  but  also  paraffins,  thiophene, 
methylated  thiophenes,  phenols,  pyridine  bases,  and  other  derivatives. 
It  is  first  distilled  and  then  separated  into  three  or  four  fractions: 

1.  Light  Oil  ^3-5  per  cent.),  specifically  lighter  than  water  and  boiling  up  to  150®. 

2.  MiddU  Of/(8^Ioper  cent),  having  ab^ut  the  same  specific  gravity  as  water  and 

boiling  from  150-210°. 

3.  Heavy  OH  (8-10  per  cent),  heavier  than  water  and  boiling  at  210-270°. 

4.  Green  Oil  or  Anthracene  Oil  (16-20  per  cent.),  colored  green,  and  boiling  from 

270-400°. 

5.  Residue:  pitch. 

It  is  only  the  light  oil  which  is  of  value  when  the  aromatic  hydrocar- 
bons are  under  consideration.  It  is  freed  from  resins,  olefines,  pyridine 
bases,  etc.,  by  washing  with  sulphuric  acid,  and  from  phenols  by  treating 
it  with  caustic  soda.  After  this  it  is  subjected  to  careful,  fractional  dis- 
tillation in  a  column  apparatus  like  that  employed  in  the  purification  of 
alcohol  (i,  p.  123). 

Besides  benzene,  coal  tar  contains  toluene  or  methyl  benzene,  the  three 
isomeric  xylenes  or  dimethyl  benzenes,  ethyl  benzene,  vinyl  benzene  or 
styrene^  the  three  isomeric  trimethyl  benzenes ;  mesitylene,  pseudocumene^ 
hemimellithene  and  durene  or  tetramethyl  benzene.  Aromatic  hydro- 
carbons also  occur  abundantly  in  the  tar  from  peat,  in  small  amount  in 
the  tar  from  wood,  in  that  from  bituminous  shales,  and  in  petroleum. 

To  properly  understand  the  formation  of  the  aromatic  hydrocarbons  by  the  dry  dis- 
tillation of  coal  we  should  take  into  consideration  that  they  are  produced  with  hydrogen 
evolution  on  passing  simple,  fatty  bodies  like  methane,  alcohol,  ether,  etc.,  through 
tubes  heated  to  redness  f  B.  ag,  2691 ).  Such  reactions  are  termed  pyrogenic  syntheses  or 
pyrocondensations^  in  which  acetylene  and  allylene  particularly  play  an  important  r6le. 
Just  as  acetylene  yields  benzene,  so  acetylene  and  allylene  form  toluene,  and  benzene 
and  acetylene  yield  naphthalene,  etc.  (A.  139,  281 ;  H.  10,  853;  ix,  1 213;  x8,  3032; 
xg,  2513 ;  ao,  660).  The  glowing  sides  of  Uie  retort  with  which  the  volatile  products 
resulting  in  the  beating  of  coal  come  in  contact  give  every  opportunity  for  such  pjrro- 
condensations.  However,  the  nature  of  the  starting-substances  should  really  be  care- 
fully cooaideitd  (B.  a8, 4^). 
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ALKYL  BENZBNBS,  C.H^^. 

The  nucUuS'synthetic  re(uHons  (i,  85)  stand  first  among  the  general 
methods  of  formation  used  in  connection  with  the  alkyl  benzenes  (it  has 
been  indicated  in  preceding  paragraphs  that  the  methyl  benzenes  occur 
in  coal  tar). 

1.  It  has  been  repeatedly  stated  that  various  symmetric  trialkylic  ben- 
zenes have  been  obtained  by  the  polymerization  of  alkyl  acetylenes  with 
sulphuric  acid,  similarly  to  the  polymerization  of  acetylene  to  benzene 

(P-4i)- 

SO4HS 

AUylene,  3CH,.C=CH >-C.H4;i,3,5](CH,)„  Mesitylene. 

Ketones,  such  as  acetone,  ethylmethyl  ketone,  etc.,  can  be  treated  with 
sulphuric  acid,  instead  of  the  alkyl  acetylenes  (p.  42). 

2.  The  reaction  of  Fittig,  discovered  in  1864,  is  more  generally  used. 
It  consists  of  the  action  of  sodium  upon  a  mixture  of  brominated  ben- 
zenes, and  the  bromides  or  the  iodides  of  the  alkyls  in  ethereal  solution 
(A.  129,  369;  131,  303;  B.  21,  3185): 

CgHftBr  +  CH,I  +  2Na  =  C^H^ .  CH,    +  Nal  +  NaBr, 
C,H,Br .  CjHj  +  CjHjI  +  2Na  =  C,H /&g»  -{-  Nal  +  NaBr. 

This  reaction  is  a  valuable  generalization  of  the  synthesis  applied  by  WQrU  to  the 
paraffins,  which  consisted  in  acting  on  the  alkylogens  with  sodium  (i,  84).  A  few 
drops  of  acetic  ether  sometimes  accelerate  the  reaction,  which  proceeds  the  more 
smoothly  the  greater  the  molecular  weight  of  the  alkyl  iodide. 

3.  The  synthesis  of  isopropyl  benzene  from  benzal  chloride  and  zinc 
methide  (B.  13,  45),  and  that  of  the  one  amyl  benzene  from  benzal 
chloride  and  zinc  ethide,  corresponds  to  that  of  tetramethyl  methane 
from  acetone  chloride  and  zinc  methide  (i,  85) ; 

C,H,CHCI,  4-  Zn(C,H5),  =  C,H,CH(C,H4),  +  ZnO,. 

4.  The  so-called  aluminium  chloride  synthesis  discovered  by  Friedel 
and  Crafts  in  1877,  although  restricted  to  the  aromatic  series,  is  there 
very  generally  applicable.  It  consists  in  the  action  of  alkylogens  upon 
benzene  hydrocarbons  in  the  presence  of  aluminium  chloride. 

Zinc  chloride  and  ferric  chloride  act  similarly.  It  is  very  probable  that  metallo- 
organic  bodies— <r.  jf-. ,  C^H^ .  h\JZ\ — are  formed  at  first.  These  then  react  with  the  alkyl- 
c^ens.  No  difficulty  is  experienced  in  replacing  all  the  hydrogen  atoms  of  benzene  by 
methyl  or  ethyl  groups  (B.  14,  2624;  z6,  1745).  Sometimes  carbon  disnlphide  acts 
favorably  as  a  diluent  (A.  235,  207 ;  B.  29,  2884) : 

CH,a-hC,H, ^^^ >-    Ha  +  C,H,CH, 

2CH,a  -h  C,H, ^'^^^ >  2HCI  +  C,H,(CH,), 

6CH,a  +  CJI, ^^^^ >  6Ha  +  C,(CH,),. 

Various  haloid  compounds — e.g.^  chloroform  (see  triphenylmethane) — and  the  acid 
radicals  (see  benzophenone  and  acetophenone)  react  similarly  with  benxene. 
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Decompositum  Reactions, — 5.  It  is  rather  singular  that  aluminium  chloride  lends 
itself  as  well  to  the  breaking-down  of  alkyl  benzenes  as  to  their  synthesis. 

Thus,  aluminium  chloride  acting  alone,  or  more  especially  when  HCl  is  conducted 
into  polyalkylic  benzenes  mixed  with  aluminium  chloride,  causes  the  side-chains  to  split 
off  in  the  fonn  of  alkyl  chlorides  (A.  235,  177).  Under  proper  experimental  conditions 
it  is  possible,  with  the  aid  of  aluminium  chloride,  to  remove  the  side-chains  from  one 
molecule  of  an  hydrocarbon  into  another  molecule  of  the  same  hydrocarbon.  In  so  doing 
the  Aluminium  chloride  seems  to  prefer  certain  very  definite  positions  of  the  alkyl  groups 
both  in  the  sjmthesis  and  in  the  decomposition.  This  is  illustrated  in  the  following 
diagram  (Anschfltz  and  Immendorif,  B.  18,  657) : 

;?l<^H4[M]{CH,),y-^  ^CeH,ri.3.4.6](CH3),j^ 

^HftCH,}^  ){<^H,[I,3,4](CH,),)^  ^Ac,H(CH,)j 

^C,H,[I,3,5](CH3),»^ 

6.  Concentrated  sulphuric  acid  acts  in  the  same  decomposing  way,  building  up  new 
bodies  at  the  same  time  (see  durene,  p.  55). 

7.  Dry  distillation  of  a  mixture  of  aromatic  acids  with  lime  or  soda- 
lime  (i,  p.  81)  ;  iron  filings  are  introduced  to  accelerate  the  conduction  of 
heat.  All  the  carboxyl  groups  are  split  off  in  the  reaction  and  the  origi- 
nal hydrocarbons  set  free : 

Benzoic  Acid, QHj .  CO,H >-  CO,  -f  C,H,  .    .    .  Benzene. 

Toluic  Adds,   .    .   CH, .  C,H^.  CO,II >-  CO,  -f  CgH^.  CH3  Toluene. 

Phthalic  Acids,    .    .    .     C,hJC0,H), >-2CO,  -|-  C,H,  .    .    .  Benzene. 

8.  9,  and  lo.  The  replacement  of  inorganic  residues  in  substitution 
products  of  the  aromatic  hydrocarbons  by  hydrogen, 

8.  Treatment  of  diazo-bodies  with  alcohol  or  an  alkaline  solution  of 
stannous  oxide  (B.  22,  587).  This  reaction  is  of  special  value  in  the 
determination  of  questions  of  constitution.  The  diazo-bodies  are  ob- 
tained from  amido-compounds,  and  these  from  nitro-derivatives,  which 
result  when  nitric  acid  acts  upon  the  hydrocarbons. 

9.  Treatment  of  sulpho-acids  (see  these)  with  superheated  steam  and 
sulphuric  acid,  concentrated  hydrochloric  acid  or  phosphoric  acid  at  180°. 

10.  Heating  the  oxygen  derivatives — e,  g,^  phenols  and  ketones — with 
zinc  dust  (Baeyer,  A.  140,  295),  or  with  hydriodic  acid  and  phosphorus. 
It  is  remarkable  that  benzophenone,  CoHj .  CO .  QHs,  for  example,  is 
readily  reduced,  while  the  opposite  is  true  of  diphenyl  ether,  QH5 .  O  .- 
QHs. 

Properties, — ^The  hydrocarbons  of  the  benzene  series  are  chiefly  vola- 
tile liquids;  some  polymethylbenzenes — durene,  penta-  and  hexamethyl- 
benzene — are  solids  at  ordinary  temperatures.  They  possess  a  peculiar, 
not  disagreeable  odor,  and  are  insoluble  in  water.  They  dissolve  readily 
in  alcohol  and  in  ether.  They  are  excellent  solvents  for  many  organic 
substances,  which  can  be  precipitated  from  solution  by  petroleum  ether. 

Deportment  and  TransformcUions, — (i)  Reducing  agents,  particularly 
hydriodic  add,  convert  the  alkyl  benzenes,  and  a\sob^Xii^tv^'\\s,^^^\w\a 
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hydroaromatic  hydrocarbons  (p,  i8),  (a)  The  behavior  of  the  alkyl 
benzenes  under  oxidation  is  very  important* 

Acids  are  produced  (aromatic  acids)  by  oxidizing  their  side-chains 
with  nitric  acid,  a  chromic  acid  mixture,  potassium  permanganate,  oi 
ferricyanide  of  potassium. 

The  number  and  position  of  the  resulting  CO,H  groups  with  reference 
to  each  other  afford  evidence  as  to  the  number  and  position  of  the  alcohol 
radicals  contained  in  the  oxidized  hydrocarbon.  When  long  side-chains 
are  carefully  oxidized,  particularly  with  potassium  permanganate,  inter- 
mediate products  can  be  obtained,  since  the  oxidation  occurs  according 
to  the  rules  which  prevail  with  aliphatic  compounds  (compare  aromatic 
acids). 

(3)  Chlorine  and  bromine  replace  the  hydrogen  of  the  benzene  nucleus 
when  they  act  upon  it  in  the  cold,  whereas  it  is  the  hydrogen  of  the  side- 
chains  which  is  substituted  in  the  heat  (toluene,  pp.  54,  61). 

(4)  Concentrated  nitric  acid  produces  nitro  bodies. 

(5)  Concentrated  sulphuric  acid,  aided  by  heat,  dissolves  the  alkyl  ben- 
zenes with  formation  of  sulphonic  acids.  The  hydrocarbons  can  be  re- 
covered again  from  the  latter  (see  method  9).  This  constitutes  the  basis 
of  a  method  for  the  separation  of  the  benzenes  from  the  paraffins,  as  well 
as  affords  a  means  of  obtaining  the  former  in  a  state  of  purity. 

(6)  Chromyl  chloride,  CrO,Cl,,  unites  with  the  benzene  homologues  to  form  com- 
pounds which  water  converts  into  aromatic  aldehydes  and  ketones  (see  these). 

Isomerism. —  Toluene j  the  first  member  of  the  series,  is  only  known  in 
one  modification.  More  are  not  possible.  The  six  hydrogen  atoms  of 
benzene  are  equal  (p.  30). 

Xy/ette,  or  dimethyl  benzene,  is  a  disubstitution  product ;  therefore  three 
isomer  ides  are  possible  (p.  32)  : 

o-Xylene.   C.H,  {  [ J j  ^,}|»      m-Xylene,  C.H,  {  [^j  ^J]|     p-Xylene,  C.H,  {  [» j  ^{]|. 

The  three  xylenes  are  known.  Ethyl  benzene j  CsHjCjHj,  is  isomeric 
with  them. 

There  are  eight  possible  isomerides  of  the  formula  C,Hi, ;  all  of  them 
are  known.     They  are — 

1.  Three  trimethyl  benzenes.. 

2.  Three  ethylniethyl  benzenes. 

3.  Two  i)ropyl  benzenes  :  n-propyl  and  isopropyl  benzene. 

The  phenomena  of  isomerism  are,  therefore,  influenced  by  the  place  or 
position,  the  number,  the  homology  and  isomerism  of  the  alkyls,  which 
have  entered  the  benzene  as  substituents  of  the  hydrogen. 

Constitution. — Of  all  the  syntheses  of  alkyl  benzenes,  the  reaction 
of  Fittig  is  most  suitable  for  the  deduction  of  conclusions  in  regard  to 
constitution,  because,  so  far  as  is  known,  intramolecular  atomic  rearrange- 
ments do  not  occur  in  it — that  is,  the  alkyls  assume  the  position  pre- 
viously held  by  the  halogen  atom.  Further,  the  oxidation  reaction  is 
important  in  deciding  upon  the  number  and  position  of  the  side-chains 
(see  above). 
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Nams. 


Toluene, 

Xylenes,  Dimethyl  Benzenes,  . 

o-Xylene, 

m-Xylene,  Isozylene,     .   . 

p-Xylene, 

Ethy]  Benzene, 

Trimethyl  Benzenes,     .    .    .    . 

[  1 ,2,3l=Hemimellithene,    . 

[1,2,4'  =P8eudocuinene,  . 

[1,3,5' rrrMesitylene,  .  . 
Methylethyl  Benzenes,      .    .    . 

o-  or  ri»2]-, 

m-  or  li»3j-» 

P-  or  [M]-, 

n- Propyl  Benzene, 

Isopropyl  Benzene,  Cumene, 
Tetramethyl  Benzene,  .... 

fi.2,3,4l=Prehnitol,    .    .    . 
If2,3,5J=Isodurene,      .    . 
i,2,4,5J=Durene,  .    .    .    . 
Cymene,  [i,4]-MethyIisopro- 

pyl  Benzene, 

Pentamethyl  Benzene,  .... 
Hexamethyl  Benzene,  .... 
Pentaethyl  Benzene,  .... 
Hexaethyl  Benzene, 


Formula. 


CgH. .  CHg 
C,H.(CH,), 


C,H,CCH,),    .   .    . 


q,U.(CH,)(C,H.)  . 


CH..CH,.CH,  CH, 
C,H,CH(CH,),     . 
C.H,(Cri,).   .    .   . 


C.H,(CII,)(C,H,) . 
C.H(CH,)..  .  .  . 
C.(CH,).  .  .  .  . 
C.H(C,fl,),  .  .  . 
C,{C.ll,),    .   .    .   . 


M.  P. 

B.  P. 

— 

II0.30 

—  28« 

+  15** 

I42» 
139° 
138° 
134° 

""• 

175° 
170° 
164.5° 

— 

1590 
1590 

l62« 

158.5° 
153° 

-4** 
79° 

2040 
i960 
190® 

57° 
X640 

175° 

230® 

2640 

277° 
2980 

Specific  Gravity. 


0.8708  (13.  l/4<') 

0.8932  IqP) 
0.8812  (o<>) 
0.8801  (o**) 
0.8832  (o<») 


0.8694(9.8/4°) 

0.8731  (16°) 
0.8690  (20P) 

0.8652  (21®) 

0.88IO  (qO) 
0.8798  (qO) 


0.8961  (o/4«>) 
0.8723  (oo) 
0.8985  (19'') 


It  is  apparent  from  this  table  that  the  position  isomerides  of  the  same 
formula — that  is,  the  three  xylenes — have  almost  the  same  boiling  point. 
In  the  case  of  the  dimethyl  benzenes  the  o-modification  has  the  highest- 
boiling  point;  then  follows  the  meta-body,  and  finally  the  p-compound. 
However,  the  latter  has  the  highest  melting  point.  Durene  of  the 
tetramethyl  benzenes  is  a  solid  at  the  ordinary  temperature.  This  is  also 
true  of  pentamethyl-,  hexamethyl-,  and  hexaethyl-benzenes.  The  entrance 
of  methyl  into  the  side-chain  raises  the  boiling  point  about  24°.  See 
toluene,  ethyl  benzene,  and  n -propyl  benzene. 

Toluene,  CgH^CH,,  so  called  because  it  is  produced  in  the  dry  dis- 
tillation of  tolu  balsam,  occurs  in  coal  tar,  accompanied  by  thiotolene 
or  methyl  thiophene  (see  this).  It  is  very  valuable  from  a  commercial 
standpoint.     It  is  produced  by  the  usual  methods: 

1.  From  brombenzene,  methyl  iodide,  and  sodium. 

2.  From  benzene,  methyl  chloride,  and  aluminium  chloride. 

3.  From  the  polymethyl  benzenes  and  aluminium  chloride. 

4.  By  distillation  of  the  three  toluic  acids  and  the  methyl  polycar- 
boxylic  acids  with  lime,  etc. 

Redaction  changes  toluene  to  hexahydrotoltiene :  dilute  nitric  acid  and  chromic  acid 
oxidize  it  to  benzoic  acid  ;  chromyl  chloride,  CrO^Cl,,  and  water  convert  it  into  benzal- 
dehyde. 

It  yields  o-  and  p-nitrotoluene  upon  nitration,  and  ^rlien  \l  \s  s\3\i^\voti^V^^  TC!k>aLOvv 
p-%cAneoe  salphomic  Mod  little  of  the  oBcid  result. 
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The  action  of  chlorine  upon  toluene  deserves  mention.  At  boillDg 
temi)eratures  it  is  exclusively  the  hydrogen  of  the  side-group  which  is 
substituted,  and  the  products  are : 

Benzyl  chloride,  CgH^CHja, 
Benzal  chloride,  C^H^CHCl,, 
Benzotrichloride,  C^HgCQ,. 

o-  and  p-Chlortoluene,  CeH4Cl .  CH„  are  produced  in  the  cold.  In 
the  presence  of  iodine  and  SbCl^  the  chlorine  only  enters  the  nucleus 
even  in  the  cold  (Beilstein  and  Geitner,  A.  139,  311).  Phosphorus 
pentachloride,  however,  renders  the  entrance  of  chlorine  into  the  side- 
chain  more  easy  (A.  272,  150). 

Hydrocarbons,  CgHjo- — Ethyl  benzene  is  isomeric  with  the  three  di- 
methyl benzenes.  Iso-  or  m-xylene,  of  the  three  xylenes  occurring  iD 
coal-tar,  is  present  in  the  largest  amount,  and  is  of  technical  value. 

When  the  mixture  is  boiled  with  dilute  nitric  acid,  the  ortho-  and  para-  varieties  axe 
chan^red  to  their  corresponding  toluic  acids,  which  are  finally  oxidized  to  o-  ind 
p  phthalic  acids.  Metaxylene  is  attacked  Mrith  more  difficulty.  Potassium  pennan- 
ganate  oxidizes  the  three  xylenes  to  their  corresponding  toluic  acids  and  these  to  phthalic 
acids.  On  shaking  crude  xylene  with  ordinary  sulphuric  acid,  the  ortho-  and  meta-  xylenes 
dissolve  to  form  sulphonic  acids,  which  are  separated  through  their  salts  and  sulphamides 
(H.  10,  1013 ;  14,  2625).  p-Xylene  volatilizes  first  when  crude  xylene  is  distilled  with 
steam. 

o-Xylene  is  obtained  from  brom-toluene  by  means  of  CH3I  and  sodium.  Potassiimi 
permanganate  oxidi/es  it  to  phthalic  acid.  Chromic  acid  decomposes  it,  like  many  other 
o-diderivatives,  into  carbon  dioxide  and  water. 

m-Xylene,  or  Isoxylene. — The  production  of  mesilylene  by  the 
distillation  of  mesitylenic  acid  with  lime  is  of  great  theoretical  impor- 
tance. This  reaction  genetically  links  m-xylene  to  mesitylene,  in  which 
the  [i,3,5]-i)osition  of  tfie  three  methyl  groups  may  be  demonstrated. 
This,  then,  would  also  prove  the  m-position  for  the  toluic  acid  and 
phthalic  acid  resulting  from  the  oxidation  of  m-xylene  (p.  37). 

Mesitylene  Mesitylenic  Acid  Isoxylene  m*Toluic  Acid  Isoohthalic 

p-Xylene  is  formed  when  camphor  is  distilled  with  ZnG,.  It  is  obtained  pure  by  the 
action  of  sodium  and  CH,!  upon  p-bromtoluene  and  pdibrombenzene  (B.  xo,  1355). 
Dilute  nitric  acid  oxidizes  it  first  to  p- toluic  acid  and  subsequently  to  terephthalic  acid 
Chromic  acid  converts  it  immediately  into  the  latter  acid.  Paraxylene  is  soluble  in  fuming 
sulphuric  acid  only ;  its  sulphonic  acid  forms  large  crystals,  and  is  not  very  soluble. 

Ethyl  Benzene,  C^H^ .  C^.H^,  also  present  in  coal  tar,  is  produced  by  the  action  of 
sodium  u|>on  CgHjBr  and  Cjlf^Br,  and  hydriodic  acid  upon  styrolene,  C-H^.C^H,,  but 
best  by  the  action  of  C^H^Br  and  AlCI,  upon  benzene  (B.  22,  2662).  Dilute  nitric  acid 
and  chromic  acid  oxidize  it  to  benzoic  acid  ;  CrO.O,  converts  it  into  phenyl  acetalde- 
hyde,C,H5.CH,.CH0. 

Hydrocarbons,  C9H,,. — The  isomerism  of  the  eight  compounds  of  this 
formula  has  been  mentioned  (p.   52):   three  trimethyl  benzenes,  three 


ALKYL  BENZENES.  55 

methyl  ethyl  benzenes,  and  two  propyl  benzenes.     The  physical  con- 
stants of  these  eight  hydrocarbons  are  given  in  the  table  exhibited  on 

P-  53-   .     , 

Mesitylene,  symmetrical  trimethyl  benzene^  CtH,(CH,)|,  occurs  in 
coal  tar,  and  is  produced  by  distilling  acetone  (Kane,  1837)  or  allylene 
with  concentrated  sulphuric  acid  (p.  42  ;  compare  B.  29,  958,  2884). 

The  proof  of  its  symmetrical  structure  (p.  37)  is  of  fundamental  im- 
portance in  determining  the  position  of  benzene  substitution  products. 
Dilute  nitric  acid  converts  mesitylene  into  mesitylenic  acid,  mesidic 
acid  or  uyitic  acid,  and  trimesic  acid  : 

rrncH,  ffnco.H  fCnco.H  f[ilCO,H 

Mesitylene  Mesitylenic  Acid  UviticAdd  Trimesic  Acid. 

Pseudocumene,  [l,3,4]-/rtm/M>'/^/»i^if^,  also  occurs  in  coal  tar.  It  is  separated 
from  mesitylene  by  means  of  its  more  difficultly  soluble  sulpho-acid  (B.  9,  258),  from 
which  it  is  subsequently  isolated  (p.  51).  It  is  formed  from  brom-pxylene  and 
4. brom-m* xylene.     This  is  evident  from  its  constitution. 

Hemimellithene,  ^\yZ^i\-tr%methyl  benz^jte^  occurs  in  coal  tar  (6.  19,  25171,  and  is 
obtained  from  isodurylic  acid,  CgH,(CII,), .  COgH.  It  may  be  synthesized  by  the  action 
of  metallic  sodium  and  methyl  iodide  upmn  2-brom-m-xyIene. 

The  three  Ethyl  Toluenes  have  been  prepared  from  the  three  brom -toluenes  by 
means  of  ethyl  bromide  and  sodium.  The  [1,4] -compound  from  p-brom- toluene,  ethyl 
bromide,  and  sodium  (B.  28,  2648),  melts  at  162®. 

n-Propyl  Benzene  is  obtained  from  (LH^Br,  n-propyl  iodide  or  bromide  and  sodium, 
or  from  benzyl  chloride,  by  the  action  of  zinc  ethidc.  It  can  also  be  produced  from  ben- 
zene by  the  action  of  n-piopyl  bromide  and  Al^Cl^  at  — 2^  (B.  24,  768). 

Isopropyl  Benzene,  CgHj.C,H^,  called  Cumene,  was  nrst  made  by  distilling  cumic 
acid  with  lime.  It  can  be  synthesized  by  the  action  of  AlCl,  upon  a  mixture  of  benzene 
with  isopropyl  bromide  or  chloride,  and  from  benzal  chloride, C^Hj .  CHCl,,  by  means  of 
zinc  methide.  As  n-propyl  bromide  is  rearranged  when  warm  by  AI^Cl^  into  isopropyl 
bromide,  isopropyl  benzene  is  produced  in  this  synthesis  with  AI^CI,  if  the  experiment  is 
not  conducted  m  the  cold.  In  the  animal  organism  isopropyl  benzene  yields  propyl 
phenol  (B.  17,  2551). 

Twenty-two  isomerides  are  possible  for  the  hydrocarbons^  CjoHj* : 

C.H.(CH,),   C.H,{f22*^j^     ^"*{§Ht     ^•"*{ch;    C.H,.C,H, 
3  Isomerides      6  Isomerides         3  Isomerides        6  Isomerides      4  Isomerides. 

[a)  Tetramethyl  Benzenes,  CgH,(CH,)..  The  three  bodies  possible  theoretically 
are  known.  Symmetrical  Durene  [1,2,4,51,  present  in  coal  tar  (A.  18,  3034),  is 
formed  from  6-brom-pseudocumene  and  4,6-dibrom-m-xylene,  by  means  of  CH,I  and 
sodium ;  and  from  toluene  by  CH,C1  and  AlCl,,  as  well  as  from  penta-  and  hexamethyl 
benzene,  by  means  of  Al,Clg.  Nitric  acid  oxidizes  it  to  durylic  and  ciimidic  acids, 
C|H,(CH,),.  (CO,H),  (the  symmetrical  constitution  of  durene  is  concluded  from  this) 
(B.  II,  31).  Durene  is  converted  by  concentrated  sulphuric  acid  into  hexamethyl  ben- 
zene, and  the  sulphonic  acids  of  prehnitol,  pseudocumene,  and  isoxylene,  which  can  be 
separated  by  means  of  their  amides.  Penta-methyl  and  penta-ethyl  benzene  undergo 
similar  transpositions. 

Itodurene,  [lt2,3,5]-  or  unsymmetrical  tetramethyl  benzene,  b  obtained  from  brom- 
mesitylene  with  CH,I  and  Na  (its  constitution  follows  from  lVi\s  ^1^.  vj,'^^^^^*,  ^vi 
from  camphor  by  the  action  of  ZnCl^  or  iodine  (B.  16,  22^9^    T\i«  ol^!^>j^^'Q^  ^^^ 
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isodurene  with  nitric  acid  yields  3  isodnrylic  acid,  C;H,(CH,)|  .  CX)|H  (B.  15, 1S53), 
and  at  last  mellophanic  acid. 

Prehnitol,  [1,2,3,4]-  or  v-Tetramethyl  Benxene,  is  produced  by  the  actioo  of 
methyl  iodide  and  metallic  sodium  upon  2-brom-p5eudocumene  and  2,4-dibrom-metazylene 
(6.  ai,  2821 ).  Its  oxidation  by  nitric  acid  produces  prehnitylic  acid,  C;H,(CH,),  .  Op|H 
(B.  19,  1214)  and  prehnitic  acid,C,H,(C0,H)4. 

{d)  ^Dimethyl  Ethyl  Benzenes  :\\,2/!\^  boiling  at  189®,  and  [l,3^]  at  184®,  and 
[M«3]  at  185°,  are  obtained  by  the  action  of  ZnCI,  or  iodine  upon  camphor  (B.  23, 988, 
2349).  The  [i.3,5]-body,  boiling  at  185°,  is  produced  when  H^SO^  acts  upon  acetone 
and  methylethyl  ketone  (B.  18,  6^;  25,  1533). 

(c)  The  three  diethyl  benzenes  yield,  first ,  ethyl  benzoic  acids  and  then  phthalic 
acids  when  they  are  oxidized. 

(</)  Afethyl-n-propyl  Benzenes:  The  ortho-body  boils  at  l8l®,  the  meU-  at  177*, 
and  the  para-  at  183*'.  They  result  from  the  action  of  C,HfI  and  Na  npon  o-,  m-,  and 
p-bromtoluene  (B.  24,  443,  1649;  29,  R.  417). 

(jt)  Methyl-isopropyl  Benzenes :  Only  the  m-  and  p-  bodies 
are  known.  The  latter  is  the  important  cyraene.  m-Methyl-isopropyl 
benzene  occurs  in  the  light  resin  oil  (A.  210,  10). 

CyTnent  =  li,4]-Afe/Ay/-iso/ropy/  Benz^ng  (see  table,  p.  53)  occurs 
in  Roman  caraway  oil  (from  Cuminum  cyminuni)^  together  with  cumic 
aldehyde,  and  in  the  oil  from  the  seeds  of  Cicuta  virosay  in  the  oil  of 
Ptychotis  ajowafii  in  thyme  oil,  and  in  the  oil  from  Eucalyptus  gloMus, 
It  is  produced  on  heating  thymol,  carvacrol,  CgH,(OH) .  (CH,) .  QH,, 
and  camphor,  with  PjSj,  or  with  PjOj  (A.  172,  307) ;  also  from  turpen- 
tine oil  and  other  terpenes,  C,oHi6,  by  the  withdrawal  of  two  hydrogen 
atoms.  This  is  effected  by  heating  with  SO4H,,  or  with  iodine.  The 
production  of  cymene  on  boiling  cumic  alcohol,  €,114(0,117)  .  OH, .  OH 
(having  the  isopropyl  group),  with  zinc  dust  is  especially  interesting,  as 
is  its  formation  from  geranial  (p.  42).  Cymene  may  be  synthetically 
prepared  from  p-brom  isopropyl  benzene  by  means  of  methyl  iodide  and 
sodium.     This  last  reaction  explains  its  constitution  (Widman,  B.  24, 

439»  97o>  1362). 

Cymene  is  a  pleasantly  smelling  liquid.  The  barium  cyraene  sulphonate, 
(CjoHi3S05)jBa  +  3H2O,  crystallizing  in  shining  leaflets  is  characteristic. 

Dilute  nitric  acid  or  the  chromic  acid  mixture  oxidizes  cymene  to  paratoluic  acid, 
CgH4(CH,) .  CO,H,  and  terephtbalic  acid;  whereas  in  the  animal  organism  or  upon 
shaking  with  caustic  soda  and  air,  it  is  converted  into  cumic  add,  C^H4(C,Hf) .  CO,H. 

When  concentrated  nitric  acid  acts  upon  cymene,  the  product  is  not  nitrocyinene,  hot 
p-tolylmethyl  ketone  (B.  xg,  558;  20,  R.  373). 

(/)  Butyl  Benzenes:  n- Butyl  benzene  boils  at  180°;  isobutyl  benzene  at  167®; 
secondary  butyl  benzene  ^  at  171°. 

Tertiary  Butyl  Benzene  boils  at  167°.  Bromine  does  not  attack  it  in  the  cold  or 
when  exposed  to  sunlight  (B.  23,  2412  ;  27,  1610). 

Higher  toluene  homologues  : 

Hydrocarbons y  C„H,g:  Pentamethyl  Benzene  (see  table,  p.  53)  is  produced  to- 
gether with  hexamethyl  benzene  when  AICl,  and  methyl  chloride  act  upon  l>enzene, 
toluene,  xylene,  mesitylene,  etc.  (B.  20,  896).  For  its  deportment  toward  concentrated 
sulphuric  acid  see  durene  (p.  55). 

[l,3,5]-Diethylmethyl  Benzene,  boiling  at  200°,  results  from  the  action  of  sul- 
phuric acid  upon  acetone  and  methylethyl  ketone.  [l,2,4,5]Triniethylethyl  Ben- 
zene, Ethyl  Fseudocumenfy  boils  at  207**  (B.  25,  1 530).  Ethyl  Mesitylene  boils  at 
208®  (B.  29,  2459).  [i,3]-Methyl-tert.-butyl  Benzene,  boiling  at  185-187®, 
occurs  in  the  essence  of  resin,  the  distillation  product  obtained  from  pine  resin,  and  is 
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obtained  from  the  intenctioa  of  toluene,  isobutyl  bromide,  and  AI,Gg.     Its  trinitxx)- 
deriYative  is  the  artificial  musk  (B.  27,  1606). 

Hydrocarbons^  CwHig. — Hexamethyl  Benzene  (see  table,  p.  53)  is 
formed  by  the  polymerization  of  crotonylene  on  shaking  with  sulphuric 
acid,  and  by  heating  xylidene  hydrochloride  and  methyl  alcohol  to  300®. 
For  additional  methods  of  formation  see  durene  and  pentamethyl  ben- 
zene. It  does  not  dissolve  in  sulphuric  acid,  as  it  is  incapable  of  forming 
a  sulpho-acid.  Potassium  permanganate  oxidizes  it  to  benzene  hexacar- 
boxylic  acid,  Q.J^O^\  {mellitic  acid), 

p-Di-n-propyl  Benzene,  from  p-dibrom- benzene,  boils  at  219®.  p-n-Propyl-iso- 
propyl  Benxene,  from  cumyl  chloride  and  zinc  ethyl,  boils  at  212°.  Nitric  acid  oxid- 
izes both  to  n-propyl  benzoic  acid,  which  is  isomeric  with  cumic  acid. 

Propyl  Mesitylene  boils  at  22i<>  (B.  ag,  2459).  ri,3,5].Triethyl  Benzene,  from 
ethyl  methyl  ketone  by  the  action  of  sulphuric  acid,  l)oiIs  at  218®.  ri,2,3,4]-Tetra- 
ethyl  Benzene  boils  at  251®.  [i, 2,4,5] -Tetraethyl  Benzene  melts  at-f-i3°  and 
boils  at  250^  PenUethyl  Benzene  (see  table,  p.  53).  Hezaethyl  Benzene  (see 
Uble,  p.  53)  is  obtained  from  CgH^,  C,HjBr,  and  Al^Cl,  (B.  16,  1745  ;  21,  2819). 

The  following  mono-  and  dialkylic  benzenes  with  long  chains  have  been  prepared  by 
Fittig's  reaction  from  brombenzene  and  bromtoluene  r 

n-Octyl  Benzene,  boiling  at  262^  ;  Cetyl  Benzene,  C^ll^  .  Ci^H,,,  melting  at  27° 
and  boiling  at  230^  (15  mm  ) ;  o-Methyl  Cetyl  Benzene,  melting  at  8-9°  and  boiling 
at  239°  (15  mm.) ;  m-Methyl  Cetyl  Benzene,  melting  at  10-12°  and  boiling  at  237° 
(15  mm.);  p-Methyl  Cetyl  Benzene,  melting  at  27°  and  boiling  at  240°  (15  mm.) ; 
Octadecyl  Benzene,  melting  at  36^  and  boiling  at  249°  (15  mm.)  (B.  21,  3182). 


2.    HALOGEN    DERIVATIVES    OF    THE    BENZENE     HYDRO- 

CARBONS. 

A.  BENZENE  HALOGEN  SUBSTITUTION  PRODUCTS. 

Benzene  being  a  cyclic  triolefine,  it  can  take  up  six  atoms  of  chlorine 
or  bromine  in  the  sunlight.  The  products  are  benzene  hexachloride  and 
benzene  hexabromide.  These  bodies  will  be  discussed  later  as  cyclohexane 
derivatives,  following  hexahydro-benzene.  The  hydrogen  atoms  in  the 
benzene  nucleus,  however,  are  very  easily  replaced  by  chlorine  and 
bromine — in  fact,  more  readily  than  the  hydrogen  of  the  paraffins. 

Properties  and  Deportment, — The  benzene  halogen  derivatives  are  in 
part  colorless  liquids,  and  partly  colorless,  crystalline  bodies.  They  have  a 
faint,  but  not  disagreeable  odor.  They  are  insoluble  in  water,  but  dissolve 
readily  in  other  solvents,  and  volatilize  without  decomposition.  The 
para-bodies  of  the  benzene  dihaloids  are  solids  at  the  ordinary  tempera- 
ture. Their  melting  points  lie  higher  than  those  of  the  orlho-  and 
meta-compounds,  while  their  boiling  points  are  lower. 

The  intimate  union  of  the  halogen  atoms  to  the  benzene  nucleus  is 
striking.  They  are  not  displaced,  or,  at  least,  with  great  difficulty,  by 
caustic  potash  (B.  18,  335  ;  20,  R.  712),  by  ammonia,  cyanide  of  potas- 
sium, etc.  (Compare  the  alkylogens,  i,  139.)  Metallic  sodium  with- 
draws the  halogens  particularly  from  brom-  and  iodbewx^w^'5*.  TVv\% 
behavior  Is  especially  important  in  the  synthesis  ot  V\ve  \>^wx^w^  \v>^^x^- 
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carbons  (p.  50).  The  reactivity  of  chlor-,  brom-,  and  iodbenzene 
with  piperidine,  resulting  in  the  formation  oi phenyl  fiperiitine  is  ^cca- 
liar  (B.  21,  2279;  compare  also  the  nitrohalogen  benzene  derivatives, 
p.  67).  Sodium  amalgam  in  alcoholic  solution  or  hydriodic  a^id  and 
phosphorus  reduce  the  halogen  substitution  products  to  benzene. 

Pluorbenzenes  result  when  hydrofluoric  acid  is  poured  upon  bensene  diaxopiper- 
idides  (Wallacb,  A.  235,  258;  243,  221): 

CJIjN  =  N  —  NC5H10  -f  2HFI  =  CjHjFl  -f  N,  +  NH .  C,H,^ .  HFl. 

Pluorbenzene,  C^H.Fl,  boiling  at  85°,  specific  gravity  1.0236  (20^/4®),  was 
obtained  by  heating  fluorbenzoic  acid  with  hydrochloric  acid. 

p-Difluorbenaene,  C,I{4[i,4]Fl2,  boils  at  88®   and  has  the  specific  gravity  1. 1 1. 

Chlorbenzenes. — Methods  of  Formation, — i.  Free  chlorine  acts 
sluggishly  upon  benzene.  The  action  is  accelerated  by  iodine,  molyb- 
denum chloride,  M0CI5,  and  ferric  chloride,  which  is  particularly  well 
suited  for  this  purpose. 

2.  The  hydroxy  I  groups  of  the  free  phenols  are  replaced  with  difficulty 
by  chlorine  when  phosphorus  pentachloride  is  the  reagent.  This  substi- 
tution occurs  more  readily  in  the  case  of  the  nitrophenols. 

3.  A  very  important  method  that  is  particularly  adapted  for  the  prepa- 
ration of  chlorbenzenes  and  aromatic  halogen  derivatives  consists  in  the 
transformation  of  the  diazo-compounds.  The  latter  are  obtained  from 
the  amido-bodies,  which  are  the  nitro-reduction  products.  Atomic  re- 
arrangement does  not  occur  in  these  reactions.  In  the  decomposition  of 
the  diazo-body  the  chlorine  enters  the  position  which  the  diazo-,  the 
amido-,  and  the  nitro-group  previously  held  : 

C,HjN,a  =  ZJAfX  -f  N, 

Diazobenzene 
Chloride. 

Knowing,  therefore,  when  working  with  the  di-  and  poly-substitution 
products,  the  constitution  of  one  of  the  bodies  thus  changing,  that  of 
the  other  is  necessarily  established. 


Name. 


Monochlorbenzene, 

~i,2]-(o)-Dichlorbenzene, 

i,3l-(ni)  Dichlorbenzene, 

l,4j-(p)-Dichlorbenzene, 

l,2,3l.(v)-Trichlorben2ene,    .    .    .    . 

1,2,4' -unsym.  Trichlorbenzene,  .  . 
|l,3,5]-sym.  Trichlorbenzene,  .  .  . 
|i,2,3,4l-v-Tetrachlorbenzcne,   .    .    . 

1, 2,3,51 -unsym.  Tetrachlorbenzene, 

l,2,4,5J-syni.  Tetrachlorbenzene,  .    . 

[^entachlorbenzene, 

Hexachlorbenzene, 


Formula. 


QH5CI 
CjH^Cl, 


C,H,C1, 


CjHjQ^ 


CeHClj 
Vie 


M.  P. 


-45" 


+  53^ 

54° 
460 
500 

86<' 
226° 


B.  P. 


132° 
1790 
172® 
172® 
2l8® 
21 30 
208« 

254** 
246® 
2440 
276° 
326^' 


Dbnsitv. 


I.I28(0«) 
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The  predominating  product  in  the  chlorination  of  chlorbenzene  is  p-dichlorbenzene. 
Very  little  o-dithlorbenzene  results  (B.  ag,  R.  648).  p-Dichlorbenzene  also  results 
from  the  action  of  phosphorus  pentachloride  upon  p-quinone  (see  this).  The  behavior 
of  the  dichlorbensenes,  when  nitrated,  is  characteristic : 


o-Dichlorbenzene  yields 
m-Dichlorbenzene     *' 
p-Dichlorbensene      *' 


i,2l-dichlor-4-nitrobenzene,  m.  p.  43® 
i,3l-dichlor4-  **  m.  p.  32° 

i,4j-dichlor-3-  •*  m.  p.  55® 


Hezachlorbensene,  Julin*s  chloride  of  carbon,  has  been  prepared  by  the  exhaustive 
chlorination  of  many  alkyl  benzenes  and  other  derivatives  of  benzene  (B.  29,  875).  It 
is  also  produced  when  CHQ,  and  C,C]^  are  conducted  through  a  tube  heated  to  redness. 

Brombenzenes  are  prepared  just  like  the  chlorine  substitution 
products : 

(i)  By  direct  substitution  by  means  of  bromine  carriers,  such  as  alu- 
minium bromide  (B.  10,  971);  (2)  from  phenols;  (3)  from  diazo-deriva- 
tives  (p.  58) : 


Namb. 


Formula. 


M.P. 


B.P. 


Dbnsity. 


Monobrombenzene, 

ri,2]-o-Dibrombenzer.e, 

[i,3l-m-Dibrombenzene, 

I  i,4j  p-Dibrombenzene, 

M»2,3Vv-Tribrombenzene,  .... 
f  i,2,4l-uns]rm.  Tribrombenzene,  .  . 
ri»3,5J*sym.  Tribrombenzene,  .  . 
[  1 ,2 ,3,4]  •  v-Tetrabrombenzene,     .    . 

ti,2,3,5l-unsym.  Tetrabrombenzene, 
i»2,4,5j-sym.  Tetrabrombenzene,  . 
entabrombenzene,      

Hexabrombenzene,      


CeH^Br, 


C,H,Br, 


C,H,Br^ 


CeHBrj 
CeBr. 


-31" 
—    x« 

+    i« 

870 

119® 

98" 

1750 

260° 

ab.  3150 


155° 
224® 
219® 
219° 

2750 
278° 

329** 


1.517(0°) 
2.003(0°) 


[B.  28,191] 


In  the  bromination  of  hot  benzene  the  chief  product  is  the  p-dibrom  body,  and  very 
little  of  the  o-derivative  (B.  10,  1345).  The  nitration  of  these  dibrombenzenes  is  char- 
acteristic for  them : 

o-Dibrombenzene  yields        ri,2l-dibrom-4-nitrobenzene,  m.  p.  58°. 
m-Dibrombenzene  yields  (i)  ri,3j-dibrom-4-nitrobenzene,  m.  p.6l°rchief  product]. 

(2)  rif3l-dibrom-2-nitrobenzene,  m.  p.  82°[secondary  product], 
p-Dibroml>enzene  yields        [i  ,4J-dibrom-2-nitrobenzene,  m.  p.  85°. 

W.  Kdmer  utilizes  the  production  of  the  tribrombenzenes  from  the  three  dibrom- 
benzenes in  deducing  their  constitution  (p.  38).  Hexabrombenzene  is  also  formed  upon 
heating  CBr^  to  300°. 

Kekul6  heated  (200®)  benzene  with  iodine  and  iodic  acid,  and  thus 
obtained  the  iodbenzenes.  The  reaction  proceeded  in  the  sense  of  the 
equation  (A.  137,  161):  ' 

5C.H.+  4I  +  HIO,  =  5C.H,I  -f  3H,0. 

They  have  been  obtained  more  frequently  from  the  coTi^^ciTv4\w% 
amido-bodies  hy  aid  of  the  diazo-derivatives  (p.  5^") ; 
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Namb. 


POKMULA. 


M.  P. 


B.P. 


lodbenzene, 

ii,2]-(o).Di-io 
i.3l.(m).Di-i 
LMJ-(p)-Di-io 


iod  benzene, 
iodbenzene, 
iodbenzene, 


C.H.I 

c;h.i. 


-300 

I88» 

+  27«' 

OfP 

400 

a85» 

I290 

28s« 

Hexa-iodbenzene,  CJs,  is  formed  in  the  exhaustive  iodation  of 
benzene  carboxylic  acids  (benzoic  acid,  terephthalic  acid)  with  iodine 
and  fuming  sulphuric  acid.  It  consists  of  reddish-brown  needles,  which 
melt  with  decomposition  from  140-150®  (B.  29,  1631).  See  B.  29, 1405, 
for  bromiodbenzenes. 

lodoso-benzene.  lodobenzene.  Diphenyliodonium  Hy- 
droxide.— These  remarkable  bodies  were  obtained  from  phenyliod- 
chloride  (Willgerodt,  1886),  which  contains  two  atoms  of  chlorine  com- 
bined with  iodine;  it  may  be  derived  from  iodine  trichloride,  IClj  (see 
Inorganic  Chemistry). 

Phenyliod-chloride,  C'jHjIClj,  consists  of  yellow  needles.  It  is  produced  when 
chlorine  is  conducted  into  a  solution  of  iodbenzene  in  chloroform.  When  it  is  shaken 
with  caustic  alkali  iodoso-lienzene  results : 

CJIJCl,  +  2KI  =  C^HjIO  -f  2KI  +  H,0. 

lodosobenzene,  C^H^IO,  is  an  amorphous  substance.  It  explodes  at  about  210®. 
When  it  is  treatecf  with  an  acidulated  solution  of  potassium  iodide  it  gives  off  its  oxygen 
with  the  separation  of  an  ecjuivalent  amount  of  iodine  : 

C.H.IO  -f  2KI  -I-  2CII,  .  COOH  =  CJIJ  4-  2CH3COOK  +  2l  -f  H,0. 

It  has  a  basic  character  and  forms  salts,  which  are  derived  from  the  hypothetical 
hydrate  CgH5l(OII).^—^•.^.,  r.IIj^OOC.  CH,), ;  hence  C^HjI CI,  should  be  regarded 
as  iodosobenzene  hydrochloride. 

lodobenzene,  CgHjIO.p  is  formed  when  iodosobenzene  is  heated  alone  or  boiled 
with  water : 

2C,n,IO  =  C,H,I  +  C.H.IO„ 

or  by  the  oxidation  of  iodosobenzene  with  hypochlorous  acid,  or  upon  treating  phenyl- 
iod-chloride  with  a  bleaching  lime  solution  (B.  29,  1567).  lodobenzene  explodes  at 
227-230®.     Its  deportment  is  like  that  of  a  superoxide. 

Diphenyliodonium  Hydroxide,  (CjH5)jIOH,  is  only  known  in  aqueous  solution. 
It  is  formed  on  shaking  a  mixture  of  iodoso-  and  iodobenzene  with  moist  silver  oxide : 

CellJO  -f  C.iyO,  -f  AgOlI  =  (C,H,)J  .OH  -f-  lO.Ag. 

Its  iodide  results  on  l)oiling  iodobenzene  with  a  solution  of  potassium  iodide  (B.  99, 
2008).  Diphenyliodonium  hydroxide  has  a  strong  alkaline  reaction  and  forms  salts: 
(CgHjy  .I,(C,H5),ICl,(C,Il5),INOj,  which  recall  the  salts  of  thallium  (compare 
ammonium  com(x>unds,  I,  p.  168;  metallo-organic  derivatives,  I,  p.  182).  The  car- 
bonate and  nitrate  are  very  soluble ;  the  chloride  and  bromide  form  white  precipitates. 
Diphenyliodonium  Iodide,  (CgHj),!.!,  is  polymeric  with  iodbenzene.  It  consists 
of  yellow  needles,  which  dissolve  with  difficulty  in  alcohol,  and  melt,  with  production  of 
iodbenzene,  at  175-176°  (V.  Meyer,  B.  27,  1592;  28,  R.  80). 
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B.  HALOGEN  DERIVATIVES  OF  THE  ALKYL  BENZENES. 

Under  the  conditions  observed  with  benzene  itself— in  the  cold,  in  the 
presence  of  iodine,  with  molybdenum  pentachloride,  or  ferric  chloride — 
the  atoms  of  chlorine  or  bromine  enter  the  nucleus  of  the  alkyl  benzenes. 
The  aromatic  substitution  products  result.     Thus,  toluene  affords  : 

aH.CH, •>  C,H,C1 .  CH, •>  CHjCL .  CII,.  etc. 

C,H,CH, >-  C,H,Br .  CH, ^  C,H^Br, .  OH„  etc. 

In  the  case  of  boiling  benzene  homologues  the  substitution  takes  place 
almost  exclusively  in  the  hydrogen  of  the  side-chain,  and  aliphatic  sub- 
stitution products  result.     Thus,  toluene  yields 

C^HjCH, >-  CJAJZ^fX >  CjHjCHa, >  C^HjCa, 

Benzyl  Chloride  Benzal  Chloritie  Benzotrichloride. 

These  are  compounds  corresponding  to  : 

CII,.Cn,Cl ^CHj.CHCl, ^-CHj.CClj 

Ethyl  Chloride  Ethidene  Chloride       Methyl  Chloroform. 

and  will  be  considered  at  the  conclusion  of  the  oxygen  derivatives  which 
correspond  to  them : 

CjH^ .  CIIjOH >-  CgHftCHO >-  C,HjCO,Il 

Benzyl  Alcohol  Benzaldehyde  Benzoic  Acid. 

into  which  they  can  be  easily  transformed,  and  from  whjph  they  can  be 
obtained  by  the  use  of  phosphorus  pentachloride. 

In  sunlight  chlorine  and  bromine  also  act  substitutingly  in  the  cold  upon  the  aliphatic 
side-chains  ( B.  ao,  R.  530).  Chlorine  converts  boiling  isopropyl  benzene  into  p-chloriso- 
propyl  benzene  (B.  a6,  R.  771).  Phosphorus  trichloride  also  attacks  the  alky  Is  of  the 
alkyl  benzenes  at  the  boiling  temperature. 

The  other  two  methods  which  may  be  considered  in  the  production  of 
halogen  derivatives  of  benzene — the  action  of  phosphorus  halides  upon 
oxybenzenes  and  the  transformation  of  corresponding  diazo-bodies — 
yield  alkyl  benzenes,  with  substitutions  in  the  nucleus.  Naturally,  a 
substitution  can  occur  both  in  the  nucleus  and  in  the  aliphatic  residue  of 
the  same  alkyl  benzene.  The  halogen  atoms  which  have  entered  the 
side-chain  are  always  reactive,  and  can  readily  be  exchanged  for  radicals, 
whereas  the  halogen  atoms  which  have  entered  the  benzene  nucleus  are 
very  intimately  combined.  The  aromatic  mono-halogen  derivatives  of 
the  alkyl  benzenes,  especially  the  bromalkyl  benzenes,  have  been  largely 
used  in  the  synthesis  of  higher  alkyl  benzenes,  following  the  method 
discovered  by  Fittig  (p.  50).  The  oxidation  of  the  side-chains  to  car- 
boxyl  groups  is  very  important  for  the  determination  of  constitution.  It 
is  in  this  way  that  any  halogen  atoms  present  in  the  side-chains  can  be 
determined  (p.  52). 

Sodium  amalgam  in  alcoholic  solution  will  replace  the  halogen  atoms 
with  hydrogen.     Hydriodic  acid  will  do  the  same. 


63 


ORGANIC  CHEMISTRY. 


J 


The  aromatic  halogen  substitution  products  of  the  alkyl  benzenes  are 
exceedingly  numerous.  Their  simplest  representatives  are  the  monohal- 
ogen  toluenes,  which  are  tabulated  for  more  complete  review : 


Name. 


POKMUUU 


U.  P. 


P*R 


I  p-F]uotiotu£ne, 

,  o-Chlortolucne, 
,  m-Chlortoluenc, 
f  p-ChlortolueD«f 
,  o-BfoiDloluenCf 

I  p-BromiolueQCt 
>  o  lodtoluene, 

^p  m  I  od  toluene, 
,  p-IddtolueQC, 


CH,  > 
CH.    I 

CH,    I 
CH,    I 
ChJi 
CH,    P 
CH,   1 


C,H, 

C.H, 
C,H, 

C.H, 

C,H, 


4. 

2 

3, 
4J 

2 
4 


ta 

ci 
ci 

Br 
Br 
Br 

1 


:i\ 


—  26^ 


35' 


117* 
156* 

181° 

1S4* 
204" 


p-FluortoIuene  has  been  prepared  by  the  method  used  for  flnorbenzene.  The  chlorina- 
tion  and  bromination  of  toluene  in  the  cold,  or  in  the  presence  of  iodine  or  Fe,ClL,  re- 
sults in  the  formation  of  para-  and  ortho-derivatives  in  almost  equal  quantities.  p-Cnlor- 
toluene  can  be  separated  from  its  ortho-isomeride  by  heating  with  sulphuric  acid  to  150®, 
when  the  o-body  passes  into  its  ^ulpho-derivative. 

All  the  monocblor-,  monobrom-,  and  monoiod-toluenes  are  obtained  pure  by  decom- 
posing the  diazo-compounds  made  from  the  three  amido-toluenes  or  toluidines  (p.  58). 
o-  and  p-ToIuidines  are  easily  obtainable  from  the  corresponding  nitrotoluenes  (p.  68). 
m-HromtoIuene  has  been  prepared  by  brominating  acet-p-toluidine  to  m-brom-acet-p- 
toluidine,  and  then  replacing  the  amido-group  by  hydrogen  (p.  51). 

m-Chlortoluene  has  also  been  prepared  from  3-methyl-A,-keto-R-hexene  (i,  p.  325), 
into  which  methylene  diacetoacetic  ester  can  be  easily  converted.  This  is  accomplished 
by  first  preparing,  with  the  aid  of  phosphorus  pentachloride,  tetrebydro-m-dichlortoluene, 
which  decomposes  into  hydrogen  chloride  and  dihydro-m-chlortoluene.  Bromine  with- 
draws two  hydrogen  atoms  from  this  body  and  m-chlortoluene  results  (B.  27,  3019) : 


CH, 

=<:h  — cci, — ><:= 


CH, 

=CH  .  cci — ><:= 


.  ca 

CH,— CH,— CH,         CH,— CH,— CH,  CH,— CH,—CH  CH=CH— CH 

If  we  start  with  ethidene  diacetoacetic  ester,  the  product  will  be  [  1,3,5] -chlor-m- 
xylene  (B.  29,  310).  [i,3,6]-Chlorcymene  has  been  similarly  prepared  from  menthone 
or  ketohexahydrocymenc  (B.  29,  314). 

The  iodoso-  and  iodo-compounds  corresponding  to  p-iodtoluene  arc  known  (B.  26, 
358;  27.  1903). 

1  he  conversion  of  the  halogen  toluenes  into  solid  nitrohalogen  toluenes  and  their  oxi- 
dation to  halogen  benzoic  acids  of  known  constitution  are  distinguishing  characteristics. 
When  heated  with  a  chromic  acid  mixture  (see  aromatic  acids)  the  p-  and  m-derivatives 
are  oxidized  to  the  corresponding  substituted  benzoic  acids,  whereas  the  o-derivatives  are 
attacked  with  difficulty  and  completely  destroyed.  When  boiled  with  dilute  nitric  acid, 
with  potassium  permanganate,  or  ferricyanide  of  potassium,  all  three  isomerides  (even 
the  ortho)  are  oxidized  to  acids. 

Six  isomeric  aromatic  dihaloid  toluenes,  with  similar  halogen  atoms,  are  possible. 
The  six  dichlortoluenes  are  known  (B.  29,  R.  867).  They  are  isomeric  with  benzal  chloride, 
CgHjCHCl,,  and  with  the  chlorbenzyl  chlorides,  ClC^H^CHjCl.  All  of  the  six  isomeric 
dibromtoluenes  have  also  been  prepared.  Pentabromtoluene  has  been  obtained  from 
suberane  and  bromine  (p.  28). 
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The  appended  table  contains  the  easily  accessible  bromine  derivatives  of  the  poly- 
methyl  benzenes : 


Namb. 


ri,2,4l-6rom-o-xylene, 

ri»3,4l-Brom-mxyleney 

[l,4,2j-Bromp-xylene,  .  

Tribixnnhemimellithene  (p.  53)» 

tl,2^,3]-Monobrompseudocumene  (p.  53), 
i,2^3,6]-Dibromp8eudocumeney  .  .  .  . 
nbrompseudocumene, 

Monobrom-mesitylene  (p.  53), 

Dibrom-mesitylene, 

Tribrom-mesitylene, 

Monobromprehnitol  (p.  53), 

Dibromprehnitol, 

Monobromisodurene  (p.  53)) 

Dibromisodurene, 

MonobromduTene  (p.  53), 

Dibromdurene, 

Brompentamethyl  Benzene, 


M.  P. 


i6oo 


B.  P. 


— 20 

2I4<> 

— 

203° 

+  9» 

200® 

245° 

— 

237*» 

64° 

2930 

224" 

— 

—  l" 

2250 

+  6o» 

2850 

224° 

— 

30° 

2650 

210® 

— 

— 

a53' 

209° 



61O 

262O 

I99O 

317^ 

2890 


It  is  also  remarkable  that  concentrated  sulphuric  acid  is  even  capable  of  carrying  bro- 
mine atoms  as  it  does  alkyl  groups  (p.  51).  Thus,  concentrated  sulphuric  acid  first  con- 
verts monobromdnrene  into  dibromdurene,  and  then  into  durene  (B.  25,  1526). 


3.  NITROGEN    DERIVATIVES    OF    THE    BENZENE    HYDRO- 
CARBONS, 

In   which  the  nitrogen-containing  residue  is  joined  to  the  benzene 
nucleus  by  means  of  or  through  nitrogen. 

These  compounds  can  be  classified  according  to  the  number  of  nitro- 
gen atoms  contained  in  the  residues.  The  first  class  embraces  only  those 
in  which  a  single  nitrogen  atom  is  present.  The  m'/ro-  compounds  are 
placed  at  the  head  of  this  division.  They  are  very  important  benzene 
derivatives.  They  constitute  the  starting-bodies  for  the  preparation  of 
the  succeeding  groups.  The  amido-  compounds  attach  themselves  to 
them.  In  this  class  belong  the  generators  of  numerous  coal-tar  dyes  and 
aromatic  derivatives  having  therapeutic  value.  The  nitroso-  and  /?- 
hydroxylanUne  bodies  constitute  the  transition  between  these  two  groups. 

In  the  second  class  are  those  compounds  whose  nitrogen  residues  con- 
tain two  aud  more  nitrogen  atoms  in  union  with  each  other.  The  mtro- 
amines^  the  mtroso-P-hydroxylaminesy  the  nitrosamines^  the  azoxy-deriva- 
fives y  the  hydrazines^  the  diazo-  and  the  azo-campounds  contain  two  nitro- 
gen atoms.  The  nitrosohydrazinesy  the  diazoamido-bodies^  and  the  azo- 
imido  compounds  contain  three  nitrogen  atoms,  while  fowx  Tv\Vco%t.Tv  ^\.Qm& 
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are    present    in   the  dia%ohydrazid(h  or  bitty Une  derivativeSi  and  the 
tetrazonesy  and  five  in  the  dtsazoamido-campaunds. 

The  study  of  some  of  these  classes  has  also  been  of  the  greatest  im- 
portance for  the  chemistry  of  inorganic  nitrogen  compounds.  If  we 
imagine  these  eighteen  groups  of  aromatic  nitrogen  bodies  derived  from 
inorganic  nitrogen-containing  substances,  whose  formulas  can  be  obtained 
by  the  substitution  of  hydrogen  for  the  aromatic  residues,  it  will  be  dis- 
covered that  six  of  these  eighteen  forms  occur  free  or  in  the  form  of  in- 
organic derivatives  of  known  bodies.  In  the  following  table  theyappear 
in  black-face  type: 


1.  A^jfyr^y-coinpounds, derived 

2.  iVi/rw^-comjwunds, •• 

3.  ft-HyJroxylamine  compounds,     ....  ** 

4.  ^miV/(9-compounds, " 

5.  Nitroamitus, •• 

6.  Nitroso-p-hydroxyla mines, •* 

7.  Nitrosamines, ** 

8.  Azoxy -compounds f ** 

9.  Hydrazines, ** 

10.  Z>iVfA7-compounds, *• 

11.  ^2^-coinpounds, •* 

12.  Nitrosohydrazines, " 

13.  /)/V72<?^w/V/t7-compounds, ** 

14.  Diazo-oxyatnido-zova^yxvkdi^, ** 

15.  y^W/»iV/i9-compounds, •* 

16.  Diazohydrazo'  or  Buzylene  compounds,  ** 

17.  Tetrazones, ** 

18.  Disdiazoamido  derivatives, ** 


from  H .  NO, 

'•  H .  NO 

*<  H .  NHOH 

"  H.NH, 

*•  H.NH.NO, 

"  H.N(OH).NO 

**  H.NH.NO 

««  H.N^^l^N.H 

"  H.NH.NH, 

•*  H.N  =  N.OH 

**  H.N  =  N.H 

**  H.N(NO).NH, 

•*  H.N  =  N.NH, 

"  HN==N— NHOH 

-  H.N<JJ 

"  H.N  =  N.NH.NII, 

"  H.  NH.N  =  N.NH.H 

*«  H.N  =  N.NH.N  =  N.H. 


The  first  three  groups  will  be  treated  in  the  preceding  order.  The 
nitroso-^- hydroxy  lam  ines  (6)  attach  themselves  to  the  /9-hydroxylamines 
(3).  Then  follow  the  amido-derivatives  (4),  the  nitrosamines  (7),  the 
nitioamines  (5),  the  diazo-derivatives  (10),  the  diazoamido-bodies  (13), 
the  disdiazoamido-  (18),  the  diazo-oxyamido-  (14),  and  the  azoimido- 
compounds  (11).  The  next  in  order  are  the  azoxy- (8)  and  the  azo- 
bodies  (11).  The  last  to  be  considered  are  the  hydrazines  (9),  the 
nitrosohydrazines  (12),  the  tetrazones  (17),  and  the  diazohydrazo-  or 
buzylene  derivatives  (16).  This  arrangement  is  justified  by  the  genetic 
relations  of  the  individual  classes  of  bodies  to  one  another,  and  they  should 
have  preference  over  the  purely  systematic  arrangement. 


X.  NITRO-DERIVATIVES  OP  BENZENE  AND  THE  ALKYL  BENZENES. 

Benzene  and  alkyl  benzenes  containing  hydrogen  in  the  nucleus  readily 
yield  nitro-derivatives  by  the  action  of  nitric  acid  : 

C,H^  +  NO.OII  =  CeH^NO,  f  H,0. 

These  compounds  are  more  or  less  yellow  in  color ;  the  nitrogen  of 
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the  nitro-group  is  in  direct  union  with  a  carbon  atom,  as  in  nitro- 
Doethane.     By  reduction  they  yield  amido-bodies : 

C;H,N0,  -h  6H  =  CeHjNH,  4-  2H,0. 

In  a  preceding  section  mention  was  made  that  all  of  the  hydrogen  in 
benzene  could  be  replaced  by  chlorine  or  bromine.  The  case  is  differ- 
ent on  introducing  nitro-groups.  The  first  two  nitro-groups  can  be 
introduced  quite  easily,  the  third  with  difficulty,  and  thus  far  not  more 
than  three  nitro-groups  have  been  introduced  into  one  benzene  residue. 

A  mixture  of  nitric  acid  (i  part)  and  sulphuric  acid  (2  parts)  acts  more  energetically 
than  nitric  acid  alone,  as  the  second  acid  combines  with  any  water  that  may  be  formed 
in  the  reaction.  Di-  and  tri>nitro-compounds  are  the  chief  products.  The  nitration  is 
considerably  moderated  by  previously  dissolving  the  substance  in  glacial  acetic  acid. 
The  more  alkyl  groups  there  are  in  a  benzene  hydrocarbon,  the  more  readily  will  it  be 
nitrated. 

The  production  of  nitrophenols  in  the  nitration  of  benzene  hydrocarbons  may  be  ex- 
plained by  assuming  an  addition  of  nitric  acid  at  the  double  union  of  the  benzene  ring, 
with  the  splitting-oflf  of  nitrous  acid  on  the  one  side  and  water  on  the  other  (B.  24,  R. 
721).  On  heating  alkyl  benzenes  with  dilute  nitric  acid,  the  nitro-group  enters  the 
aliphatic  side-chain.  The  resulting  bodies  will  be  more  fully  described  after  the  corre- 
sponding alcohols  (B.  27,  R.  193).  The  aromatic  amines,  obtained  by  the  reduction  of 
nitro- compounds,  can  easily  be  changed  to  the  latter  through  the  diazo-derivatives,  when 
nitrous  acid  salts  yield  nitro-bodies  with  cuprous  oxide.  Nitro-compounds  have  also 
been  obtained  by  the  direct  oxidation  of  amines — e,  g.^  nitrobenzene,  by  the  action  of 
potassium  permanganate  upon  aniline. 

Properties  and  Deportment. — The  nitrohydrocarbons  are  only  slightly 
soluble  in  water,  but  they  do  dissolve  in  concentrated  nitric  acid,  and 
are  precipitated  from  this  solution  by  water.  They  are  very  soluble  in 
alcohol,  ether,  glacial  acetic  acid,  etc.  The  melting  jx^ints  of  the  nitro- 
bodies  are  usually  higher  than  those  of  the  corresponding  bromine  deriv- 
atives.    Their  easy  reduction  is  esixjcially  interesting. 

The  /9-phenylhydroxylamines  have  been  found  to  be  intermediate 
products  in  their  conversion  into  amido-derivatives.  Just  as  two  kAone 
molecules  in  their  reduction  combine  to  a  pinacone  molecule,  so  two 
nitrobenzene  molecules,  by  reduction  with  alcoholic  potash,  give  off  oxy- 
gen and  form  azoxybenzene,  which  can  easily  be  reduced  to  azo-  and 
hydrazobenzene. 

These  relations  are  made  evident  in  the  following  diagram : 


-4-C,H,NHOH- 


C,HjNO, 


^-Pbenylhydroxylamine 
C,H,N 


C,H,N 
Azozytienzene 


->C,HjNH, 
Aniline 
C.ILN 

->  •    *ll  — 

Azobcnzene 


p-Amidophenol 
^(;,H,.NH 

CgHj .  NH 
Hydrazobenzene. 


In  the  electrolytic  reduction  of  nitro-bodies  dissolved  in  sulphuric 

acid  amidophenols  are  formed  together  with  the  amidohydrocarbons. 

This  is  due  to  a  rearrangement  of  the  unstable  /9-phenylhydroxylamines,  or 

rearrangement  and  decomposition  of  intermediate  azoxy-derivatives  (B. 

II— 6 
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29,  R.   230).     In  h)'drochloric  acid  solution  it  is  very  probable  that 
l>-chloranilines  are  similarly  produced  (B.  29,  1894). 

Because  of  the  ready  reduction  of  the  nitro-bodies  to  compounds, 
many  of  which  meet  with  the  most  varied  application  in  the  coal  tar 
color  manufacture,  there  attaches  to  them  the  importance  of  the  more 
valuable  and  indispensable  intermediate  products. 

When  the  polynitrohydrocarbons  are  oxidized  with  an  alkaline  ferricyanide  solution 
they  are  changed  to  polynitrophenols.  The  nitro-groups  in  many  polynilrohydrocarbons 
are  exchanged  for  chlorine  when  they  are  heated  to  200-300®  with  hydrochloric  acid. 
Sometimes  further  chlorination  occurs  to  a  certain  degree  (B.  29,  R.  594). 

Nitrobenzenes. — The  following  table  contains  the  melting  and 
boiling  points  of  the  six  known  nitrobenzenes: 


Namb. 


Formula. 


M.P. 


B.P. 


Nitrobenzene, 


,  o-Dinilrobenzene, . 
-,  m-Dinitrobenzene, 
,  p-Dinilrobenzene, 


1 ,2,4]-,  unsym.  Trinitrobcnzene, 
i,3»5J  .s 


,  sym.  Trinitrobcnzene, 


CeHjNO, 
C.Il4(NO.). 


C.H,(NO.), 


+  3° 

1160 

900 

172** 

121° 


205** 

319**  (773  1 
303**  (771 1 
299*  (777  1 


Nitrobenzene,  CeHJNOj,  was  discovered  in  1834  by  Mitscherlich 
(Pogg.  Ann.  31,  625)  on  treating  benzene  with  nitric  acid.  It  is  also 
produced  in  the  oxidation  of  aniline  (p.  74).  It  is  technically  prepared 
on  a  large  scale,  and  worked  up  into  aniline  and  azobenzene.  In  making 
it  commercially  a  mixture  of  nitric  and  sulphuric  acids  is  allowed  to  run 
with  constant  stirring  into  benzene.  The  benzene  is  contained  in  cast- 
iron  cylinders  (G.  Schultz,  Chemie  des  Steinkohlentheers). 

Nitrobenzene  is  a  faintly  yellow-colored,  strongly  refracting  liquid, 
possessing  an  odor  resembling  that  of  benzaldehyde  or  oil  of  bitter 
almonds.  Its  dilute  aqueous  solution  has  a  sweet  taste  (B.  27,  181 7) 
and  a  specific  gravity  of  1.20  at  20°.  It  is  poisonous  in  its  action,  par- 
ticularly when  its  vapor  is  inhaled.  Nitrobenzene  is  used  not  only  in  the 
preparation  of  colors,  but  also  in  perfumery,  and  to  impart  to  soap  the 
odor  of  bitter-almond  oil  (essence  of  mirbane).  It  is  quite  frequently 
employed  in  the  laboratory  as  a  solvent.  Its  behavior  when  reduced  has 
already  been  referred  to  (p.  65);  its  most  valuable  technical  product  is 
aniline  (p.  74).  In  many  important  reactions  nitrobenzene  serves  as  an 
oxidant  (see  ros aniline  and  quinoline), 

Dinitrobenzenes,  CeH/NOiV — The  melting  and  boiling  points 
are  given  above.  The  three  dinitrobenzenes  are  produced  if  in  the 
nitration  with  fuming  nitric  acid  the  mixture  be  boiled  a  short  time. 
On  crystallizing  from  alcohol,  them- compound,  formed  in  greatest  quan- 
tity, separates  first,  whereas  the  o-  and  p-dinitro-derivatives  remain  in 
solution  (B.  7,  1372).  The  meta-body  is  used  in  the  color  industry  for 
the  preparation  of  m-phenylenediamine. 
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p-Dinitfobenzene  can  also  be  obtained  by  oxidizing  p-quinone  dioxime  (see  this) ; 
the  o-dinitiobeDzeDe  from  the  residues  in  the  preparation  of  m-dinitrobenzene  by  solution 
in  twice  their  weight  of  boiling  nitric  acid  and  pouring  this  into  five  to  six  times  its  vol- 
ume of  cold  nitric  acid,  when  the  o-dinitrobenzene  will  separate  in  crystals  (B.  a6,  266). 

By  half  reduction  the  dinitrobenzenes  yield  nitroanilines,  which  con- 
nect genetically  the  phenylenediamines  with  the  dibrom benzenes  and  the 
benzene  dicarboxylic  acids,  or  phthalic  acids  (p.  2^^^* 

Ortho-dinitrobenzene  crystallizes  in  plates,  yields  o-nitrophenol 
when  boiled  with  caustic  soda,  and  o-nitraniline  when  heated  with  alco- 
holic ammonia.    Other  aromatic  o-dinitro-bodies  behave  similarly. 

MHadiniirobtntine^  when  heated  with  potassium  ferricyanide  and  caustic  soda,  forms 
a-  or  [l,OH,2,4]-dinitrophenol  and  )3-  or  [l,OH,2,6]dinitrophenol.  m-Dinitro. 
benzene,  heated  with  alcoholic  potash,  has  one  of  its  nitro-groups  replaced  by  ethoxyl, 
with  the  simultaneous  entrance  of  a  cyanogen  group  and  the  production  of  [2]-nitro- 
[6]-ethozybenzonitrile  (B.  17,  R.  19).  It  unites  with  alkali  bisulphite,  with  simultane- 
ous reduction  and  sulphonation,  to  form  m-nitraniline-p-sulphonic  acid  (B.  29,  2448). 

Paradinitrobenzent  forms  colorless  needles,  m-  and  p- Dinitrobenzenes  form  aidditive 
compounds  with  naphthalene  (B.  x6,  234).  When  the  dinitrobenzenes  are  heated  with 
chlorine  or  bromine  to  200^,  the  nitro-groui>s  are  wholly  or  partially  replaced  by  halo- 
gens (B.  24,  3749). 

Tnnitrobensenes. — Melting  points,  see  above.  [1,3.5]-,  sym.  Trinitrobenzene 
is  obtained  from  m-dinitrobenzene,  and  synthetically  on  acidulating  sodium  nitromalonic 
aldehyde  (B.  28,  2597).  [1,2,4]-,  unsym.  Trinitrobenzene  is  produced  by  heating 
p-dinitrobenzene  with  nitric  acid  and  pyrosulphuric  acid  to  180^.  sym.  Trinitrobenzene 
may  be  oxidized  to  picric  acid,  or  [l,OH,2,4,6]-trinitrophcnol.  It  forms  additive 
compounds  with  aniline,  naphthalene,  etc.  m-  and  p-  Dinitrobenzene,  trinitrotoluene,  etc. , 
yield  similar  combinations  f B.  13,  2346 ;  16,  234).  Aqueous  alkalies  impart  orange- 
yellow  colorations  to  Sjrm.  trinitrobenzene.  These  are  probably  due  to  the  formation  of 
unstable  salts  resulting  from  the  replacement  of  benzene  hydrogen  by  metals  (B.  29,  848  ; 

R.  39). 

Nitro-haloid  Bensenes. 

Formation :  (i)  Upon  nitrating  chlor-,  brom-,  and  iod-benzene,  p-  and  o-mononitro- 
products  result ;  the  first  in  larger  quantity.  (2)  On  heating  the  dinitrobenzenes  with 
bromine  or  chlorine  a  nitro-group  can  be  replaced  by  a  halogen.  (3)  Or  the  dinitro- 
benzenes are  changed  to  nitranilines  and  the  amido-group  replaced  by  halogens,  effected 
by  means  of  the  diazo-com|x>unds.  (4)  PCI5  also  converts  nitrophenols  into  chlornitro- 
derivatives.  The  nitro-haloid  benzenes  afford  the  transition  from  the  dinitro-,  nitroamido-, 
to  the  haloid-amido-  and  dihalogen  benzenes.  They  are  consequently  especially  impor- 
tant for  the  recognitbn  of  the  connection  of  the  various  disubstitution  products  of  ben- 
zene: 

^■.H.<nS; 5^««<NH. 5-CH.<Br°' 5-C.H.<NH,_^C.H.<^; 

The  isomeric  mononitro-chlor-,  brom-,  and  iod -benzenes  have  the  following  melting 
points : 

[1.2I  [1.3I  [1.4] 

C,H,a(NO,)  32.50  44.4°  83° 

C;H,Br(NO,)  41.5**  56**  1 26°  (B.  29, 788) 

C,HJ  (NO,)  49^  ZZ""  171^  (B.  29.  1880). 

Meta-chlornitrobenzene  occurs  in  two  physical  modifications ;  if  rapidly  cooled  after 
fusion,  it  melts  at  23. 7^,  but  in  a  short  time  reverts  to  the  stable  modification,  melting  at 
44.20. 

Of  the  numerous  nitro-haloid  benzenes  which  have  been  ptepaitd^  tcv^xvVvqiXv  tcvv)  ^^\ 
be  made  of  [j,0,j,4j'DiDitrO'Cblorbenzentt  which  has  Wen  oVAsAiitdL/vci  >^ax^tN«i^ 
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similar  modifications,  melting  at  36.3^,  37^,  and  38*^  (B.  9,  760),  and  abo  of  Trinitro- 
chlorbenxene,  CfH,Cl(NO,).  (i,3,5,4,Cl),  Picryl  Cnloride,  obtained  from  ^aic  acid 
by  the  action  of  PCI5.  It  melts  at  83^.  It  is  converted  into  picramide,  C^Hy(NH,)- 
(NO,)„  with  ammonia,  and  into  picric  acid  when  boiled  with  soda. 

The  halogen  atom  in  every  monohaloid  nitrobenzene  u  always  more  easily  exchanged 
the  more  numerous  the  nitro-groups  are.  Picryl  chloride,  in  its  deportment,  approaches 
the  acid  chlorides.     Trichlordinitrobensene  melts  at  130°  (B.  29,  R.  1 155). 

Nitrotoluenes.'-[i,2]  ,o-Nitrotoluene,  CHs[i]CeH4[2]NO„ melt- 
ing at  10.5^  boiling  at  218°,  and  [i,4]-,p-Nitrotolucne,  CH,[i] 
CeH4[4]NO„  melting  at  54°  and  boiling  at  230°,  are  produced  in  the 
nitration  of  toluene.  They  are  separated  by  fractional  distillation,  and 
when  reduced,  yield  the  technically  important  toluidines.  If  the 
nitration  be  carried  on  at  — 55°,  five  and  a  half  times  as  much  p-  as 
o-nitrotoluene  (B.  26,  R.  362)  will  be  produced.  At  higher  temperatures 
fuming  nitric  acid  produces  chiefly  pnitro toluene ;  whereas,  nitric- 
sulphuric  acid  at  lower  temperature  yields  about  66  per  cent,  of  o-nitro- 
toluene. 

Further  nitration  of  o-  and  p-nitrotoluene  produces  [2,4]-dinitrotoluene,  melting  at 
70° ;  [2,5]-dinitrotoluene,  melting  at  48°  (B.  21, 433 ;  22,  2679),  and  [2,4,6]  trinitro- 
toluene, melting  at  82°. 

The  conversion  of  o-nitrotoluene  by  bromine  at  170°  into  dibromanthranilic  acid  is 
very  remarkable : 

C,H,(NO,)CH,  4-  2Br,  -f-  2H,0  =  C,H,Br,(NH,)CO,H  +  aHBr. 

NH*  CH  O     **    *"* 

trated,  and  the  amido-group  replaced  by  hydrogen  (B.  22,  831).  It  melts  at  16®  and 
boils  at  230°.  Further  nitration  of  m-nitrotoluene  produces  [3,4]'^initrotoluene, 
melting  at  61°,  and  [3,5]-dinitrotoluene,  melting  at  92°  (B.  27,  2209). 

Nitro-products  of  other  Alkyl  Benzenes.-^l'he  ease  with  which  aromatic  nitro- 
derivatives  are  produced  adapts  many  of  them  for  the  detection  and  recognition  of  their 
parent  hydrocarbons.     Some  of  them  are : 

[4]-Nitro.o.xylene,  NO,[4]C,H,[i,2](CH,)„  melting  at  29®  (B.  17,  160;  18, 
2670). 

r2,4]-Dinitro-m-xylene,  melting  at  82°.    [2,6]-Dinitro-m-zylene,  melting  at  93®. 

[2,4,6]-Trinitro-m-xylene,  melting  at  182®  (B.  17,  2424). 

[2]-Nitro-p-xylene,  boiling  at  239®  (B.  18,  2680).  [2,6]Dinitro-p-zylene,  melt- 
ing at  123°,  and  [2,3]-dinitro-p-xylene,  melting  at  93^,  form  a  double  compouad, 
melting  at  99°  (B.  15,  2304).  [2,3,6]-Trinitro-p-xylene  melts  at  137°  (B.  19,  145). 
sym.-Trinitrochlorxylene  melts  at  218®  (B  28,  2047 J. 

Nitromesitylene,  NO,[2]C,H2[i,3.5](CH,)j„  melts  at  44°.  Dinitromesitylene 
melts  at  86°.     Trinitromesitylene  melts  at  232°  (compare  B.  29,  2201). 

f3,5.6]-Trinitrop8eudocumene,  (NO,),[3,5,6]CL[i.2,4j(CH,),,  melts  at  185**. 
4,5,6j-Trinitro-v.trimethyl  Benzene,  (NO,)j[4,5,6jC,[i,2,3](CH,)„   melts  at 
209°  (B.  19,  2517). 

Nitroprehnitol,  N0j[5]C,H[i  2,3,4](CH3)4,  melts  at  61®  (B.  21,  905).  Dinitro- 
prehnitol  melts  at  178°.  Dinitro-isodurene,  (NO,),[4.6]C,(i,2,3.5)(CH,)^,  melts  at 
I56«.     Dinitrodurene,  (N02),[3,6]C,[i,2,4,5](CH,).,  melts  at  205°. 

[24,6]-Trinitro-V-butyl  Toluene,  (NO,)5[24,6jC,H[i]CH,[3]C(CH,)„  melting 
at  96-97^,  smells  intensely  like  musk,  and  occurs  in  commerce  as  artificial  musk  (B.  24, 

2832). 
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Formation  of  Diderivatives, — In  the  chlorination  and  bromination  of 
benzene  and  toluene,  as  well  as  in  the  nitration  of  monohaloid  benzenes 
and  toluene,  the  products  are  almost  exclusively  p-  and  o-diderivatives, 
whereas  in  the  nitration  of  benzene  m-di nitrobenzene  is  the  predomi- 
nating product.  Phenol,  aniline,  etc.,  behave  like  toluene;  the  first 
products  are  p-  and  o-diderivatives.  Benzene  sulphonic  acid,  QHs- 
SO,H;  benzoic  acid,  CeHsCOsH;  benzaldehyde,  CeHjCHO;  benzo- 
nitrile,  CeHjCN;  acetophenone,  CeH5.CO.CHs,  and  some  additional 
compounds  with  negative  side-chains  yield  meta-derivatives  chiefly.  The 
substituents  present  in  the  mono-derivatives  exert,  therefore,  a  definite, 
directing  influence  upon  the  position  in  which  further  substitution  is  to 
occur.  It  is  not,  however,  immaterial  in  what  succession  or  order  the 
substituents  are  introduced.  When  chlorbenzene  is  nitrated,  the  principal 
product  is^p-nitrochlorbenzene,  while  in  the  chlorination  of  nitrobenzene 
it  is  chiefly  m-nitrochlorbenzene  which  results. 

See  B.  23,  130,  upon  the  dependence  of  the  processes  of  substitution  upon  the 
atomic  and  radical  magnitude  of  the  substituents. 

Rule  ofCrum  Brown  and  J.  Gibson. — If  the  hydrogen  compound  of  the  atom  or  radical, 
which  in  the  mono-derivative  has  entered  the  benzene  nucleus,  cannot  be  directly  (f.  e.^ 
in  one  operation)  oxidized  to  the  corresponding  hydroxy!  derivative,  then  in  further  sub- 
stitutions o-  and  p-derivatives  result,  while  in  the  opposite  case  m-derivatives  predominate 
(B.  25.  R.  672). 

Formation  of  Trtderivatives. — By  the  further  substitution  (chlorination,  nitration)  of 
the  ortho-  and  para-di-derivatives,  the  replacing  groups  enter  the  para-  or  ortho-position, 
so  that  di-derivatives  (1,2)  and  (1,4)  yield  the  same  triderivatives  (1,2,4)  (A.  192, 
219).  The  meta-di-derivatives  [1,3]  yield  [1,3,4]-  and  [l,2,3]-tri-derivatives.  When 
both  substituting  groups  are  of  a  strongly  acid  character,  as  in  m-dinitrobenzene,  then 
[1,3, 5] -derivatives  result. 

Formation  of  Tetra-derivatives. — If  an  unsymmetrical  tri -derivative  (i,  2, 4)  be  further 
substituted,  unsjrmmetrlcal  tetra-derivatives  (i,  2,  4,  6)  are  generally  produced.  Thus, 
from  aniline,  C^H. .  NFL,  phenol,  C^ II5 .  OH,  etc.,  we  obtain  compounds  like  C,H,- 
CI3.NH,  and  C,H,(NO,), .  OH  (1,  2,  4,  6)— NH,  or  OH  in  I,  in  which  the  enter- 
ing groups  occupy  the  meta-position  (2,  4,  6  =  1,  3,  5)  with  reference  to  each  other. 
By  the  elimination  of  the  OH  and  NH,  groups  in  them,  we  obtain  symmetrical  tri-deriva- 
tives,  C^HjX,  (I,  3,  5). 

a.  NITROSO-DERIVATIVBS  OP  BBNZBNB  AND  THB  ALKYL  BENZENES. 

Mononitroso-derivatives  of  the  benzene  hydrocarbons  are  universally  prepared  by 
oxidizing  the  corresponding  )3-hydroxylamine  derivatives  (see  below)  in  the  cold  with 
potassium  bichromate  and  sulphuric  acid : 

C,HjNHOH  -f  O  =  C^H^NO  -f  H,0. 

They  consist  of  colorless  crystals,  are  very  volatile,  and  in  a  fused  or  dissolved  con- 
dition are  green  in  color.  They  yield  nitro-bodies  upon  oxidation,  and  amido-derivatives 
when  they  are  reduced.  They  condense  with  aromatic  amines  with  the  exit  of  water, 
and  yield  azo-compounds,  while  with  ^-phenylhydroxylamines  they  form  azoxy-bodies 
and  with  bydroxylamine  the  so-called  isodiazobenzenes  (Bamberger,  B.  28,  245,  12 18; 
29,102): 

C^H^NO  -h  NH, .  CHc        =  QH,  N  :  N .  QH^  +  H,0 
C^HjNO  +  NO(OH) .  C^Hj  =  C.Hj.N^- 7N  .C^V\^-V V\f> 

C^,NO  -/-  JV//,OH  -  C,Hj^  N  :  N  .  OH  -V  ^p. 
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Nitrosobensene,  C^H^NO,  melting  at  68*^,  was  first  obtained  in  solmion  by  the 
action  of  nitrosyl  bromide  upon  mercury  diphenyl  (▼.  Baeyer.  1874 ;  see  B.  30,  506). 
It  is  made  by  oxidizing  3-pbenyIhydroxylamine,  and  is  produced  in  small  amminti, 
together  with  other  prodacts,  in  the  oxidation  of  diazobenxene  chloride,  and  by  the  adioo 
of  alkalies  upon  diazobenxene  perbromide,  as  well  as  in  the  distillation  of  azoxybenxeoe 
(B.  27,  1 182,  1273).  In  addition  to  the  preceding  reactions  moatioo  may  be  made  of 
the  union  of  nitrosobenzene  with  phenylhydrazine,  forming  diaio-oxjramido-benzeDe, 
C^II^N  :  N .  N(OH) .  C^lf^  (B.  29,  103).  Two  molecules  of  nitric  oxide  and  nitroso- 
benzene unite  to  form  diazobenzene  nitrate  (B.  30,  5 1 2). 

0-.  m-,  p-Nitro80toluene,  CH,.  C,H^NO,  melt  at  72**,  53**,  48®. 

p-Chlor-  and  pBrom-nitrosobenxene  melt  at  87^  and  92®. 

^- Dinitroso-derivatives  result  upon  oxidizing  p-quinodioximes  with  potassium  fern- 
cyanide  in  alkaline  solution — t,  g.  : 

p-Dinitro80toluene,  CH,[i]C,H,[2,5](NO),,  melting  at  133S  from  toluquinone- 
dioxime,  CH3C,H,(NOH)^  consists  of  yellow  ne«lles»  with  an  odor  like  that  of  quinooe. 
Fuming  nitric  acid  converts  them  into  p-dinitrotoluene,  and  with  hydroxylamine  hydro- 
chloride they  form  toluquinone  dioxime  (B.  ai,  734,  3319). 

3.  /^ALPHYLHYDROXYLAMINBS.* 

These  very  reactive  bodies  have  been  obtained  as  intermediate  products  in  the  reduc- 
tion of  nitro-  and  nitroso-benzenes.  They  are  very  sensitive  to  alkalies,  hence  they  are 
best  prepared  by  aid  of  neutral  reducing  agents — for  example,  by  the  action  of  aluminium 
amalgam  and  water  upon  the  ethereal  solutions  of  the  nitrobenzenes  (B.  29,  494,  863, 
2307).     They  reduce  an  ammoniacal  silver  solution,  and  also  Fehling's  solution. 

/^  Phenylhydroxylamine,  CjHjNHOH,  melting  at  81°  (its  ^-^/^r/f^^/ra/^ precipitated 
from  ether  is  a  white,  crystalline  mass),  is  rapidly  oxidized  in  aqueous  solution  by  the  air 
to  azoxybenzene,  C^HjN— — ^N .  C^Hj,  and  by  potassium  bichromate  and  sulphuric 

acid  to  nitrosobenzene.     It  combines  to  C^H^Nr^ yCH.C^Hj  (B.  29,  3037)  with 

benzaldehyde,  with  diazobenzene  to  diazo-oxyamido-benzene,  and  with  nitrous  acid  to 
nitrosophenylhydroxylaniine.  Mineral  acids  rearrange  /3-phenylhydroxylamme  into 
}^-amidophenol ;  compare  similar  rearrangements  of  the  aromatic  nitramines  (diazobenzene 
acid),  nitrosoamines,  chloramines,  into  pnitro-,p-nitroso-,  and  p-chloranilines  (see  these), 
/i^  o-Tolylhydroxylamine  is  an  oil.  /?-m-Tolylhydroxylamine  melts  at  68°. 
/3-p-Tolylhydroxylamine,  melting  at  94^,  is  converted  by  dilute  sulphuric  acid  into 
i^toluhydroquinone  (B.  28,  245,  1 2 18,  R.  156). 

4.  NITROSO-^-ALPHYLHYDROXYLAMINES. 

/3-Phenylnitro8ohydroxylamine,  CfllgN(OH) .  NO,  melting  at  59^,  isomeric  with 
diazobenzene  acid  (see  this),  is  produced  when  a  solution  of  sodium  nitrite  acts  upon  an 
ice-cold  solution  of  /3-phenylhydroxylamine  hydrochloride  (B.  27,  1548) ;  further*  by 
the  action  of  hydroxylamine  and  sodium  alcoholate  upon  nitrobenzene  (B.  29,  1884). 
When  methylated  with  diazomethane  (1.207)  it  yields  a  »f^M>'/ ^/A^,  C;H5N,0(0CH,), 
melting  at  38^  (B.  29,  2412).  sym.-DinitrophenylnitrosohydrozyUmine,  (NO,),- 
CfH3N(OH)NO,  melting  at  185®,  is  obtained  from  sym.-trinitrobenzene  and  hydroxyl- 
amine (B.  29,  2287). 

5.  AMIDO-COMPOUNDS,  OR  ANILINES. 

These  are  produced  by  the  substitution  of  amido-groups  for  the  hydro- 
gen of  benzene  and  alkyl  benzenes : 

C,HjNII,  C,H,(NH,),  C,H,(NH,), 

Aniline,  Amidobenzene  Diamidobeiizene  Trtamidobenzene. 

*  Alphyl  is  an  abbreviation  for  alkylphenyl,  C,H,^4.iC,H4  (Bamberger). 
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Or,  they  may  be  considered  as  ammonia  derivatives,  from  which  might 
be  concluded  the  existence  of  primary,  secondary,  and  tertiary  amines  of 
the  benzene  series  (p.  77) : 

C,H, .  NH,  (C,H,),NH  {C,H,),N 

Phenylamine  Diphenylamine  Triphenylamine 

CeHaNH .  CH,  Cen5N(CH,), 

Phenylmethylamine  Pbenyldimethylamine. 

The  true  analogues  of  amines  of  the  fatty  series — e.  ^.,  CeHj.  CH, .  - 
NH„  benzylamine — are  obtained  when  the  hydrogen  of  the  side  chains  is 
replaced  by  the  amido-group.  They  will  be  considered  after  their  corre- 
sponding alcohols. 

A.  PRIMARY  PHENYLAMINBS. 

Formation  of  primary  phenylamineSy  whose  amido-groups  are  in  union 
with  the  benzene  nucleus : 

I.  Reduction  Reactions, — i.  These  amido-derivatives  are  prepared 
almost  exclusively  by  the  reduction  of  the  corresponding  nitro-bodies : 

CjHjNO,  +  6H  =  CjHjNH,  +  2H,0. 

Under  suitable  conditions  the  ^-phenylhydroxylaminesappear  as  inter- 
mediate products  of  the  reduction  (p.  65). 

The  most  important  methods  of  reduction  are : 

{a)  The  action  of  ammonium  sulphide  in  alcoholic  solution  (Zinin, 
1842) : 

C,Hj .  NO,  -h  3H,S  =  CJt\ .  NH,  -f  2H,0  +  3S. 

In  using  this  reaction  with  polynitro-compounds  only  one  nitro-group  is  reduced,  and 
there  result  nitroamido-compounds. 

In  the  case  of  chlomitrobenzenes  the  nitro-group  is  only  reduced  by  ammonium 
sulphide  when  it  is  not  adjacent  to  the  chlorine  or  another  nitro-group ;  in  the  reverse 
instance  sulphur  or  SH  will  replace  the  chlorine  or  a  nitro-group  (B.  zz,  1156,  2056). 

(Jf)  Action  of  zinc  and  hydrochloric  acid  upon  the  alcoholic  solution 
of  nitro-compounds  (A.  W.  Hofmann);  or  iron  filings  and  acetic  or 
hydrochloric  acid  (B^champ,  1852).  The  latter  method  (iron  and 
hydrochloric  acid^  is  applied  technically  in  the  manufacture  of  aniline 
and  o-  and  p-toluidine.  The  explanation  of  the  course  of  this  reaction 
will  be  found  under  aniline  (p.  74). 

(r)  Action  of  tin  and  hydrochloric  acid  (Roussin)  or  acetic  acid  (B. 
I5»  2105) ;  or  a  solution  of  stannous  chloride  in  hydrochloric  acid : 

C,H,.N0,  +  3Sn 


or  a  solution  of  stannous  chloride  in  hydrochloric  a( 

:,H5 .  NO,  +  3Sn      -f  6HC1  =  CJA^ .  NH,  -f  3Sna,  -f  2H,0 
:,H5 .  NO,  -h  3SnCl,  -f-  6HC1  =  C^^ .  NH,  -f-  3SnCl,  +  2H,0. 


This  method  serves  also  for  the  quantitative  determination  of  the  nitro-groups.  If 
the  alcoholic  solution  of  a  polynitro-compound  be  mixed  with  an  alcohol -hydrochloric 
acid  solntioo  of  a  calculated  quantity  of  SnG,,  it  will  be  possible  to  effect  reduction  step 
by  st^.  In  the  case  of  op-,[2,4]-dinitrotoluene  the  [4l-NO|-group  will  be  reduced; 
whereas,  with  alcoholic  ammonium  sulphide  it  is  the  (2]-N0^-^;^'^^  '^Vi\^  va&\aixc& 
reduction  (B.  Z9,  2iti). 
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In  many  insttnces  the  following  reducing  agents  hare  been  applied  to  idTaBtige: 
(J)  Sodium  arsenite  (J.  pr.  Ch.  [2]  50,  563) ;  {e)  Zinc  dost  in  alcoholic  or  ammoniaftl 
solution;  (/)  Ferrous  sulphate  with  baryta  water  (B.  24,  3193),  or  ammonia  (B.  15, 
2294),  will  serve  for  the  reduction  of  nitro-bodies  soluble  in  water. 

2.  The  reduction  of  nitrosocompounds — see  nitrosobenxene  (p.  70)  and  nitnsodi- 
melhylaniline  (p.  94). 

3.  Reduction  of  hydrazo-compounds  and  hydrazines  (see  these). 

II.  Exchange  /Reactions. — ^4.  The  replacement  of  an  halogen  atom  or  of  a  nitio- 
group,  an  hydroxy  1  or  alkoxyl  group  by  the  amido-groop.  These  reactions  have  special 
value  in  the  preparation  of  substituted  primary  pbenylamines,  as  the  monohaloid  derivt- 
tives,the  mononiiro- hydrocarbons  and  phenols  only  yield  traces  of  the  amido-derivaiiTcs 
when  heated  with  ammonia.  However,  these  bodies  react  the  more  easily,  the  greater 
the  number  of  nitro-groups  introduced.  ri,2]-Chlor-  and  bromnitrobenzene,  [1,21-dinitio- 
benzene,  [i,2]-nitrophenol  and  its  alkyl  esters,  [l,4l-chlor-  and  bromnitroMnzene, 
[i,4]-nitrophenol  and  its  esters  yield  nitroamido-derivatives  when  heated  with  ammonia. 
The  [1,3]-  or  meta-derivatives  do  not  react  (B.  ai,  1541 ;  A.  174,  276). 

Phenols  can  be  directly  transformed  into  primary  (and  secondary)  amines  by  beating 
them  to  300-350°  with  ammonia-zinc  chloride  (ZnCl,  .  NH,)  (B.  16,  2812;  17,2635; 
19,  2916;  20,  1254).     The  naphthols  react  even  more  readily: 

CjoH^ .  OH  +  NH3     ^"^^*    >  C,oH,NH,  -f  H,0 
Naphthol  Naphtbylamine. 

5.   By  heating  the  alkali  sulphonates  with  sodamide,  NH,Na  (B.  19,  902). 

III.  Decomposition  Reactions. — 6.   By  heating  amido-carboxylic  acids: 

(NH,),C,H3CO,H  =  CeH,(NH,),  -f  CO, 

Diamidobenzoic     Phenyleiiediamine. 
Acids 

7.  By  heating  secondary  and  tertiary  amines  with  hydrochloric  acid,  and  when 
ammonium  bases  alone  are  rapidly  heated : 

C^IIsNIICII,  +  HCl  =  C,IL  .  NH,  -f  CH,C1 
CjIljNIICalljj.  HBr    =CVl6.NH,-f  CjHjBr. 

IV.  Nucleus-syntheses. — 8.  When  aniline  and  methyl  chloride  are 
heated  some  methyl  aniline  hydrochloride  is  produced ;  at  higher  tem- 
peratures this  splits  into  methyl  chloride  and  aniline  (see  above),  and  at  a 
still  higher  temperature  (340°)  hydrogen  in  benzene  is  replaced  by 
methyl  and  toluidine  chlorhydrate  is  formed.  Phenyltrimethyl  ammon- 
ium iodide  yields  mcsidine  hydroiodide: 

C^;;»>.H  .  .^-^ ■  ^"."^'     C.H.N^^1U C.n.(CH,.  .  NH.H. 
^"t  ^llj  I   ^CTIj 

Phcnylmelhylamine  Toluidine  Phenyltrimethyl  Mesidine 

Chlorhydrate  Chlorhydrate        Ammonium  Iodide  Hydroiodide. 

Secondary  and  tertiary  aromatic  bases  can  be  changed  to  isomeric 
primary  bases  in  this  manner.  Instead  of  the  hydrochlorides  of  the 
secondary  and  tertiary  bases,  salts  of  primary  bases  can  be  heated  with 
suitable  alcohols  to  300°  (B.  13,  1729)  : 

CeHjNH,.  HCl  +  C,H,OH  r^  CJl,.  CeH.NH, .  HQ  -}-  H,0 

Aniline  Isobutyl  Amido-tertiary 

Hydrochloride  Alcohol  Butyl  Benzene. 
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Or,  the  free  bases  can  be  heated  with  normal  alcohols  and  zinc  chloride 
to  250°  (B.  i6,  105). 

Such  migrations  in  the  nucleus  of  atomic  groups,  which  replace  an  hydrogen  of  the 
amido-residue  of  aromatic  amines  are  more  frequently  observed;  compare  phenyl- 
hydroxylamine,  etc.  (p.  70) ;  also  B.  29,  R.  870. 

Properties  and  Transformations  of  the  Phenyiamines, — The  primary 
amines  are  colorless,  and  have  a  peculiar  but  not  disagreeable  odor. 
They  can  be  distilled  under  the  ordinary  pressure  without  decomposition. 
They  resemble  the  alkylamines  in  their  ability  to  form  salts  (i,  159) ; 
they  are,  however,  much  less  basic  than  the  primary  alkylamines.  They 
do  not  react  alkaline,  and  dissolve  with  difficulty  in  water,  although  they 
are  volatile  with  steam. 

When  negative  groups  enter  the  primary  phenyiamines,  they  further 
diminish  their  basic  character;  the  salts  of  disubstituted  anilines,  like 
(%H,C1, .  NH,  and  CeHs(N0a)2 .  NH„  are  decomposed  by  water,  or  are  not 
produced. 

In  chemical  behavior  they  approach  the  acid  amides,  just  as  the  oxy- 
compounds  or  phenols  possess  the  character  of  acids. 

Aniline,  as  the  type  of  primary  phenyiamines,  will  be  exhaustively 
studied. 

The  following  are  some  of  the  ordinary  reactions  of  the  amido-group : 

1.  The  alkali  metals  dissolve,  when  heated,  with  the  evolution  of 
hydrogen.  Aniline  affords  aniline-potassiumy  CeH^NHK,  and  aniline- 
dipotassium,  QHjNK,  (p.  75). 

2.  The  halogen  alkyls  combine  with  the  anilines,  forming  secondary, 
tertiary,  and  finally  quaternary  ammonium  derivatives  (i,  160). 

3.  One  or  two  molecules  of  a  primary  amine  (B.  25,  2020)  will  unite 
with  a  molecule  of  an  aldehyde.  Furfurol  and  all  primary  anilines  yield 
intensely  red-colored  bodies. 

4.  The  deportment  of  the  free  primary  anilines  and  their  salts 
toward  nitrous  acid  is  exceedingly  important  for  the  development  of  the 
chemistry  of  the  aromatic  bodies.  The  products  are  diazoamido-bodies 
and  diazo-compounds.  The  latter  are  the  intermediate  steps  in  the  con- 
version of  the  nitro-  and  amido-derivatives  into  the  most  varied  substitu- 
tion products. 

5.  Thionyl  chloride  converts  primary  anilines  into  thionyi  anilines; 
this  is  similar  to  the  behavior  of  the  primary  aliphatic  amines  (i,  165). 

6.  An  hydrogen  atom  of  the  amido-group  can  be  very  easily  replaced 
by  acid  residues ;  the  products  are  acid  anilides,  corresponding  to  the 
acid  amides  (i,  164).  The  acet-derivatives  crystallize  well  and  are, 
therefore,  very  frequently  prepared  (p.  82). 

7.  The  primary  anilines,  like  the  primary  aliphatic  amines  (i,  166), 
yield  carbylamines  with  chloroform  and  caustic  potash. 

8.  The  primary  anilines  and  carbon  disulphide  unite  to  dialphylsul- 
phoureas  with  liberation  of  hydrogen  sulphide,  whereas  the  primary  ali- 
phatic amines  yield  alkyldithiocarbamic  acids  (i,  166). 

9.  The  synthesis  of  quinoline  (see  this)  and  other  bases  containing 
quinoline  nuclei  by  heating  aniline  and  other  pnmax^  ^xom^xXc  X^asas^ 

n— 7 


74  ORGANIC  CHEMISTRY. 

with  glycerol,  sulphuric  acid,  and  nitrobenzene  is  very  suggestive 
for  the  development  of  the  chemistry  of  quinoline.  Quinoline  deriva- 
tives also  result  in  the  condensation  of  fatty  aldehydes  by  means  of 
hydrochloric  or  sulphuric  acid  (see  quinoline  syntheses). 

lo.  Indols  are  produced  on  heating  primary  aromatic  bases  with  a-haloid  keto-com- 
pounds ;  sometimes  dihydropyrasLine  derivatives  (see  these)  are  also  formed. 

Aniline,  Phenylamincy  [Aminophene],  [Aminobenzene],  QH5NH,, 
melting  at  — 8**,  boiling  at  184®,  with  specific  gravity  1.0361  at  o®,  is  an 
oil  with  a  faint  aromatic  odor.  It  dissolves  in  31  parts  of  water  at  12.5^ 
(B.  ID,  709). 

History. — Unverdorben  first  discovered  (1826)  aniline  in  the  dry  distillation  of  indigo 
and  called  it  crystalling  because  of  the  great  crystallizing  power  of  its  salts.  Runge 
(1834)  found  it  in  coal-tar,  and  named  it  cyanoUy  as  it  gave  a  blue  coloration  with  a 
bleaching  lime  solution.  Fritzsche  (1841)  prepared  a  base,  upon  distilling  indigo  with 
caustic  potash,  to  which  he  gave  the  name  aniline,  from  Indigofera  anil^  the  name  of 
the  indigo  plant.  In  the  same  year  (1841)  Zinin  prepared  **  benzidam  '*  by  the  reduc- 
tion of  nitrobenzene  with  ammonium  sulphide.  A.  W.  Hofmann  (1843)  proved  the 
identity  of  the  four  bases  (A.  47,  37). 

Aniline  is  made  upon  a  commercial  basis  by  reducing  nitrobenzene 
with  iron  and  about  ^  of  the  quantity  of  hydrochloric  acid  required  by 
the  following  equation : 

CeHj-NO,  -h  2Fe  +  6HC1  =  CeH^NH,  +  Fe,Cl,  +  2H,0. 

Probably  ferrous  chloride  is  the  Brst  product,  and  in  its  presence  the  nitrobenzene  is 
reduced  by  the  iron  and  water,  in  that  the  ferrous  chloride  acts  as  carrier.  The  finely 
divided  metal  is  the  immediate  active  reducing  agent  (B.  27,  1436,  1815) : 

CeHjNOj  -h  3Fe  -|-  6Ha  =  C^HjNH,  -|-  3FeCl,  +  2H,0 
CjHjNO,  +  2Fe  -f-  4H,0  =  CeH^NH,  -f-  Fe,(OH),. 

The  other  means  of  reducing  nitrobenzene  have  already  been  men- 
tioned on  p.  71.  In  the  general  methods  used  in  the  preparation  of 
primary  phenylamines  aniline  is  usually  selected  as  the  example.  This 
is  the  case  in  the  transformation  reactions  of  the  primary  phenylamines: 
action  of  the  alkali  metals,  halogen  alkyls,  aldehydes,  nitrous  acid, 
thionyl  chloride,  in  the  acid  anilide  formation,  in  the  behavior  with 
carbon  disulphide,  chloroform,  and  caustic  alkali,  glycerol,  sulphuric 
acid,  and  nitrobenzene,  etc.  Aniline  is  quite  accessible,  and  it  has  been 
drawn  into  reactions  scarcely  less  frequently  than  ammonia  itself;  conse- 
(jiiently  we  shall  frequently  encounter  it  as  the  parent  substance,  with 
numerous  aromatic  compounds.  Despite  its  feeble  basic  properties,  it  will 
precipitate  zinc,  aluminium,  and  ferric  salts,  and  on  warming  will  expel 
ammonia  from  its  salts.     This  is  because  of  its  slight  volatility. 

Aniline  is  poisonous.     It  is  a  solvent  for  many  bodies — e.  g,^  indigo. 

Aniline  is  very  sensitive  to  oxidizing  agents.  In  the  air  it  gradually 
assumes  a  brown  color  and  resin ifies.  Bleaching  lime  imparts  a  purple 
color  to  the  solution  (B.  27,  3263).  On  adding  sulphuric  acid  and  a  few 
drops  of  potassium  chromate  to  aniline,  a  red  color  appears;  later  it  be* 
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comes  an  intense  blue.  If  aniline  be  oxidized  with  bleaching  lime,  aided 
by  heat,  or  with  cold  potassium  permanganate,  it  will  be  changed 
through  a  series  of  intermediate  products  into  nitrobenzene  (B.  26,  496). 
Chromic  acid  converts  it  into  quinone  (see  this),  and  chlorates  in  the 
presence  of  certain  metallic  salts  change  it  to  aniline  black. 

Aniline  is  used  in  the  manufacture  of  numerous  technical  dyes  or 
compounds  with  therapeutic  value — e.  g.y  aniline  black,  fuchsine,  and 
others,  as  well  as  of  antifebrine^  antipyrine,  etc. ,  etc. 

Aniline  Salts. — The  hydrochloride  is  obtained  perfectly  pure  and  dry  by  conducting 
dry  hydrogen  chloride  into  an  ethereal  solution  of  aniline.  It  melts  at  192^.  In  com- 
merce it  is  known  as  aniline  salt.  It  deliquesces  with  water.  Platinum  Chloride 
DoubU  Salt  yields  yellow  needles  from  alcohol.  The  stannous  and  stannic  saltSy  SnCl, .  - 
2C-HjNH, .  HQ  4-  2H,0  and  SnQ. .  aCeH^NH, .  HCl  -f  2H,0.  T\ifi  sulphate,  {CJA^- 
NH,),S04ll^  The  nitrate  cr3rstallizes  in  large  rhombic  plates ;  the  oxalate  forms 
rhombic  prisms.  Not  only  the  hydrochloride,  but  also  free  aniline  combines  with 
certain  salts  to  form  double  salts.     It  forms  an  additive  compound  with  trinitrobenzene 

(p.  67). 

Aniline-potassium,  C^HgNHK  and  CfH^NK,.  They  are  not  known  in  a  pure 
state.  The  formation  of  di-  and  triphenylamine  in  the  action  of  brombenzene  upon  the 
reaction  product  resulting  from  aniline  and  potassium  proves  that  the  hydrogen  of  the 
amido-group  has  been  replaced  by  potassium.  Sodium  first  begins  to  act  upon  aniline  at 
200® ;  compare  further  acetanilide  (p.  82)  and  monomethylaniline  (p.  78). 

Amidomethyl  Benzenes. — Some  representatives  of  this  group  are 
of  the  first  importance  in  the  color  industry.  This  is  particularly  true 
of  o-  and  p-toluidine.  Most  of  the  bases  are  liquids  at  the  ordinary 
tcin|)eratures,  but  when  boiled  with  glacial  acetic  acid,  with  acetyl  chlo- 
ride, or  acetic  anhydride  they  readily  yield  acet-derivatives  (p.  82). 
These  substituted  acetamides  crystallize  well,  have  definite  melting 
f>uints,  and  are  in  every  way  well  suited  for  the  recognition  of  the  bases, 
from  which  they  can  be  obtained  in  a  very  simple  way.  Therefore,  the 
melting  point  of  the  acet-derivative  will,  in  the  future,  always  be  given  with 
the  boiling  point  and  melting  point  of  the  base.  The  amidomethyl  ben- 
zenes are  made  by  the  reduction  of  the  corresponding  nitro-bodies,  and 
by  heating  under  pressure  at  high  temperatures  the  hydrochlorides  of 
bases  which  have  the  methyl  groups  in  union  with  nitrogen — e.g.y 
dimethylaniline,  C,H5N(CHs),. 

Toluidines,  CH, .  CeH4 .  NH,.  The  three  toluidines  are  isomeric  with 
benzylamine,  CeHj .  CH, .  NH,  (treated  after  benzyl  alcohol),  and  with 
methylaniline,  CeHjNH  .  CH,  (p.  78).  They  are  made  by  the  reduction 
of  the  three  nitrotoluenes  (p.  68).  m-Toluidine  is  also  formed  by  the 
reduction  of  m-nitrobenzal  chloride,  a  transposition  product  of  m-nitro- 
benzaldehyde  (B.  15,  2009 ;  18,  3398).  A.  W.  Hofmann  and  Muspratt 
discovered  p-toluidine  in  1845  (A.  54,  i). 

o-Toluidine,  liquid,  boils  at  197°;  Acet-o-toluide  melts  at  no*'  and 
boils  at  296^. 

m-Toluidine,  liquid,  boik  at  199^ ;  Acet-m-toluide  melts  at  65°  and 
boils  at  303®. 

p-ToluidinCy  m.  p.  45®,  boils  at  198*^ ;  Acet-p-toluide  melts  at  153®  and 
boils  at  307**. 
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Separation  of  o-  and  p-  Toluidine. — The  nitration  of  toluene  produces  o-  and  p-oitro* 
toluene ;  these,  by  reduction,  yield  the  toluidines,  very  valuable  in  the  technical  way. 
o- Toluidine  is  separated  from  the  p-toluidine  by  treating  the  mixture  of  bases  with  a 
quantity  of  sulphuric  acid  insufBcient  to  fully  neutralize  them  and  then  distilling,  llie 
stronger  p-l)ase  remains  as  sulphate.  Or,  the  greater  solubility  of  the  o-toluidine  oxalate 
(J.  pr.  Ch.  [2]  14,  449),  as  well  as  o-acettoluide  (B.  a,  433)  is  used  for  sepaiatioci 
from  the  corresponding  p-bodies.  Aniline,  ortho-  and  para-toluidine  can  also  be  sepa- 
rated by  the  varying  behavior  of  their  hydrochlorides  toward  monosodium  phosphate  (B. 
19,  1718,  2728;  B  ag.  R.  434). 

In  the  chemistry  of  aniline  colors  the  following  distinctions  are  made : 

Aniline  Oil  for  Blue  :  pure  aniline ; 

Aniline  Oil  for  Red :  molecular  quantities  of  aniline,  o-  and  p-toluidine ; 

Aniline  Oil  ioT  Sa/ranine :  •mMne  and  o-toluidine,  obtained  from  the  distillate 
(6chapp^s)  of  the  fucbsine  fusion. 

The  free  toluidines  are  easily  converted  by  oxidation  into  azo-com- 
pounds  (B.  26,  2772).  If  the  amido-group  be  protected  from  oxidation 
by  the  introduction  of  an  acid  radical, — e,  g,,  the  acetyl  group, — the 
methyl  group  can  be  oxidized  to  car  boxy  1  by  means  of  potassium  per- 
manganate ;  thus,  o-acet  toluide  will  yield  (hacet-amidobenzoic  add(B,  14, 
263).  In  the  chlori nation,  bromi nation,  or  nitration  of  the  acettoluides, 
the  negative  substituent  usually  adds  itself  in  the  o-position  to  the  acet- 
amido-group  (compare  m-nitrotoluene,  p.  68). 

Bleaching  lime  and  hydrochloric  acid  color  o-toluidine,  like  aniline,  violet ;  p-toluidine 
is  not  thus  affected.  Ferric  chloride  precipitates  a  blue  compound,  toluidine  blue,  from  the 
solution  of  o-toluidine  hydrochloride. 

Xylidines,  (CH,)2Cf  H,NII,.    The  six  possible  isomcrides  are  known  : 

v-o-Xylidine,  liquid,  boils  at  223° ;  corresponding  Acetxylide,  m.  p.  134^. 

unsym.-o-Xylidine.melts  at49®,     **     "  226°;            *•                    *•             **  99®. 

v-raXylidine,  liquid,               *«     "  216°;             *«                     ««             "  170®. 

unsyml-m-Xylidine,     •*                    **     "  212®;            "                    **             •*  120®. 

sym.-m  Xylidine,     "                    *«     «•  220®;            "                    «*             ••  144O. 

p-Xylidine,meltsati5°,     *•     •*  213®;            **                    "            «*  i8o*». 

The  xylidine  obtained  from  dimethyl  aniline  and  serving  in  the  manufacture  of  dyes 
consists  mainly  of  unsym.-m-xylidine  and  p-xylidine  (B.  18,  2664,  2919). 

Amidopolymethyl  Benzenes,  (CH3),CqH,N1I,.  The  product  obtained  technically 
by  heating  xylidine  hydrochloride  with  methyl  alcohol  to  250°,  under  pressure,  consists 
principally  of  s-pseudocumidine  and  mesidine.  It  is  used  in  preparing  red  azo-dyes  (B. 
15,  1011,2895). 

sym.Pseudocumidine,  [5NH,,  1,2,4],  melts  at  68°  and  boils  at  235®;  its  arel-de- 
rivative  melts  at  164°  (B.  18,  92,  2661). 

Mesidine,  [2NH„I,3,5],  liquid,  boils  at  230°;  acet-derivative  melts  at  216°  (B. 
18,  2229 ;  24,  3546). 

Isoduridine,[4NH2,i,2,3,5],  melts  at  23°  and  boils  at  255°;  its  acet- derivative 
melts  at  215°  (B.  18,  1 149). 

Prehnidine,  r5NH,,i,2,3,4],  melts  at  64°  and  boils  at  260° ;  \Xs acet-derivative  mt\xs 
at  170®  (B.  21,  044,905). 

Amidopentamethyl  Benzene  melts  at  151°  and  boils  at  277°  ;  the  acet-derivative 
melts  at  213°  (B.  18,  1825). 

Homologues  of  Aniline  with  Larger  Alcohol  Radicals. — These  have  been  pre- 
pared not  only  by  reduction  of  the  corresponding  nitro-compounds,  but  also  by  a  nucleus- 
synthesis  from  aniline  itself,  by  heating  aniline  together  with  fatty  alcohols  and  zinc  chloride 
to  250-280°  (p.  72).  The  alkyl  assumes  the  p-position  with  reference  to  the  amido- 
group.     If  isobutyl  and  isoamyl  alcohol  be  used,  then  p-tertiary  butyl-  and  p-tertiary 
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amy]  aniline  are  produced  (B.  a8, 407).  If  phenol  be  substituted  for  aniline  in  this  syn- 
thesis, the  corresponding  phenols  (see  these)  will  be  produced. 

^Amidoethyl benuncy  CjHjC^H^NH,,  melts  at— 5°  and  boils  at  2i6*»  (B.  22,  1847). 

p  Amidopropyl  benune  boils  at  225°;  the  acet-derivative  melts  at  87°  (B.  17,  1221). 

^Amidoisoj^opyl  bentene  boils  at  225®  ;  the  acet-body  melts  at  102°  (B.  ai,  1159). 

^'Amidtitrtiarybuiyl  beruene  melts  at  17®  and  boils  at  240°  ;  the  acet-body  melts  at 
X720  (B.  24,  2974^. 

^-Amido-aciyl  benune  melts  at  19®  and  boils  at  310°  ;  the  acet -derivative  melts  at  93® 
(B.  18.  135), 

B.  SECONDARY  AND  TERTIARY   PHENYLAMINES.     PHENYLAMMONIUM 

BASES. 

Phenylalkylamines. — Formation .-  (i )  The  alkyl  anilines  and  homo- 
logues  of  aniline  are  formed  the  same  as  the  amines  of  the  fatty  series  (i,  160) 
by  the  action  of  alkyl  bromides  and  iodides  upon  primary  bases.  These 
reactions  usually  take  place  at  the  ordinary  temperatures.  They  can  also 
be  obtained  by  heating  aniline  hydrochloride,  or,  better,  aniline 
hydrobromide  (B.  19,  1939),  to  250°  with  alcohols.  Alkyl  chlorides 
or  bromides  are  first  produced,  but  they  subsequently  act  upon 
aniline.  (2)  According  to  method  (i)  haloid  salts  of  the  mono- 
and  dialkyl  anilines  are  formed  side  by  side.  To  prepare  the  monoalkyl 
anilines  it  is  advisable  to  start  with  the  acet-derivatives  of  the  primary 
bases,  which  are  dissolved  in  toluene  or  xylene,  and  the  calculated  amount 
of  metallic  sodium  is  then  introduced  into  the  solution.  There  is  an 
evolution  of  hydrogen,  and  white,  solid  sodium  acetanilido  separates. 
This  rearranges  itself  very  readily  with  the  alkyl  iodides.  Saponification 
of  the  alkyl  acetanilide  liberates  the  alkyl  aniline  : 

Separation  of  Primary^  SeconJary^  and  Tertiary  Bases. — Sodium  nitrite  precipitates 
the  secondary  bases  as  oily  nitrosamines  from  an  acid  solution  of  a  mixture  of  the  same. 
The  bases  are  regained  by  treating  the  nitrosamines  with  tin  and  hydrochloric  acid. 
The  ferrocyanide  salts  (A.  190,  i^)  or  the  metaphosphates  will  also  answer  for  this 
purjxjse  (B.  lo,  795  ;  22,  1005  ;  26,  1 020). 

Phenylalkylammonium  Bases. —  Tertiary  phenylalkylamines — ^-i".,  CfH5N(C,!Ij)i 
— are  capable  of  uniting  with  the  alkylogens  to  ammonium  derivatives,  which  moist  silver 
oxide  or  lime  converts  into  ammonium  hydroxides:  CfH.N(C,II}),I   yields   C^H^N- 

(C,n,),OH. 

Properties  and  Transpositions, — ^The  most  important  bodies  in  this 
group  are  the  methyl  and  ethyl  anilines.  When  freshly  prepared,  they 
are  colorless,  strongly  refracting  liquids,  which  slowly  turn  brown  on  ex- 
posure to  light.  Their  odor  is  similar  to,  but  more  agreeable  than,  that 
of  aniline. 

The  secondary  phenylalkylamines  recall  in  their  deportment  the 
dialkylamines  (i,  167).  (i)  They  form  salts  and  combine  with  alkylogens 
to  haloid  salts  of  the  tertiary  amines.  (2)  Acid  chlorides  and  acid  anhy- 
drides substitute  acid  radicals  for  the  imide  hydrogen.  The  same  com- 
pounds can  also  l)e  obtained  in  the  manner  outlined  in  method  2. 
t  3)  Nitrous  acid  converts  them  into  nitrosamines  (i,  170). 

The  tertiary  phenyldialkylamines,  couia\mtv%aw;jjovcv;s\\c\v>i^\^ 
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gen  atom  in  the  para-position  with  reference  to  the  dialkylamido-gronp, 
show  a  remarkable  mobility  of  this  atom  of  hydrogen,  permitting  a  series 
of  reactions  for  which  the  primary  and  secondary  anilines  are  not 
adapted,  or  at  least  not  to  so  great  a  degree.  The  behavior  of  the 
phenyldialkylamines  toward  nitrous  acid  is  particularly  important,  both 
theoretically  and  technically.  It  converts  them  into  p-nitrosoderiva- 
tives. 

The  three  classes  of  aromatic  amines  differ  therefore  from  each  other 
in  their  deportment  toward  nitrous  acid,  as  follows: 

1.  Primary  phenylamines  yield  diazo-derivatives  or  diazoamidO'Com- 
pounds. 

2.  Secondary  phenylalkylamines  yield  nitrosamines. 

3.  Tertiary  phenyldialkylamines  yield  ^-nitroso-compimnds. 

Other  reactions  of  the  phenyldialkylamines  will  be  mentioned  after 
discussing  dimethyl  aniline. 

The  methyl-  and  ethyl-anilines  have  the  following  melting  points  and 
specific  gravities: 

Monomethyl  Aniline,  liquid,  boils  at  192*^;  sp.  gravity,  0.976(15®). 

Dimethyl  Aniline  melts  at  0.5°,  and  boils  at  192°;  sp.  gravity, 

0.9575  (20°/0. 

Ethyl  Aniline,  liquid,  boils  at  206°  ;  sp.  gravity,  0.954  (18**). 

Diethyl  Aniline,  liquid,  boils  at  213.5°;  sp.  gravity,  0.939  O^®)- 

The  methylated  anilines  are  technically  applied  in  the  production  of 
aniline  dye-stuffs.  They  are  formed  on  heating  aniline  together  with 
HCl-aniline  and  methyl  alcohol  to  220°.  A  better  course  is  to  conduct 
CH5CI  into  boiling  aniline. 

Methyl  Aniline,  QHj .  NH(CH,),  is  obtained  from  phenyl  carbyl- 
amine  (p.  2>'^.  Its  salts  (with  HCl  and  HjSOJ  do  not  crystallize  and  dis- 
solve in  ether  (distinction  from  the  corresponding  aniline  salts,  which  are 
insoluble  in  this  solvent).  Bleaching  lime  imparts  no  color  to  it.  When 
methyl  aniline  is  heated  to  330**,  it  is  transformed  into  paratoluidine, 
C«H4(CH3).  NH^.  Methylphenylnitrosamine,  see  p.  97.  Methylacet- 
anilide,  see  p.  82. 

Dimethyl  Aniline,  QHj .  N(CHs),.  Its  salts  do  not  crystallize.  It 
forms  an  acetate;  this  decomposes  again  into  its  components  on  distil- 
lation. Hypochlorites  do  not  color  it.  It  forms  trimethylphenylium 
iodide,  CeHj .  N(CH3),I,  with  methyl  iodide. 

The  action  of  nitrous  acid  or,  better,  sodium  nitrite  upon  the  HCl-salt  produces 
p-Nitroso-dimethyl  Aniline. 

p-Nitro-dimethyl  Aniline  is  obtained  with  nitric  acid. 

Benzoyl  cliloride  and  acetyl  bromide  convert  it  into  benzoyl  and  acetyl  rnqnomethyl 
aniline,  together  with  trimethylphenylium  bromide  (B.  19,  1947). 

Dimethyl  aniline  has  been  introduced  into  a  series  of  condensation  reactions.  It 
combines  to  pamidofnandfiic  acid,  (CHj),N[4]CgH^[l]CH(OH) .  CCl,,  with  chloral. 
Phosgene  converts  it  into  /<'//'^/w<'M^/-pVMw;V/o^^««^/^<r«<?w^,[(CHj),N[4]C^H^[l]],CO, 
while  with  orthoformic  ester  and  zinc  chloride  it  yields  hexamethvl'^-Uucanilint^  CH- 
[CjH4N(CHj,),]3,  and  with  benzotrichloride  malachite  green  (see  this),  etc. 

The  homologous  mono-  and  dialkyl  anilines  behave  similarly.  Mention  may  also  l>e 
made  of  methylethyl  aniline,  C,H5N(CH3)(C,H.),  boiling  at  201®.  Us  compound 
with  CH,1  is  identical   with  dimethyl-aniline-ethyl  iodide;  methyl-ethyl  aniline-ethyl 
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iodide  is  mlso  identical  with  diethyl  aniline-methyl  iodide ;  finally,  methyl-propyl  aniline- 
ethyl  iodide  b  identical  with  ethyl-propyl  aniline-methyl  iodide — an  additional  proof  that 
the  Jive  affinities  of  nitrogen  have  equal  value  (I,  169  and  B.  19,  2785).  The  higher 
alkyl  is  set  free  firaim  all  these  ammonium  iodides  when  they  are  heated  with  caustic  pot- 
ash. 

Alkylen-dimnilines :  Methylene-diphenyl-diamine,  CH,(NHCgH5),,  melting  at 
65^,  is  formed  from  aniline  and  formaldehyde  in  alkaline  solution,  as  well  as  upon  heat- 
ing anhydrofonnaldehyde-aniline  (see  below)  to  100^  with  alcoholic  aniline  (B.  27, 
1806).  Hydn)chIoric  acid  or  aniline  hydrochloride  rearranges  it  to  diamido-diphenyl 
methane  (compare  the  benzidine  rearrangement)  : 

CH,(NHC,H5),  =  CH,IC,II, .  NH,),. 

Ethylene  Diphenyl-diamine,  (C^H^  .  NH),C,H^,  from  aniline  and  ethylene  bro- 
mide, melts  at  65®. 

Ethylene  Monophenyl-diamine,  NH, .  CH,  .  CH,  .  NH  .  C^H^,  boiling  at  263^, 
has  been  prepared  by  means  of  potassium  phthalimide  (B.  24,  2191). 

CH, .  N(C.H.) 

Ethylene  Isobutylidene-diphenyl-diamine,   1  >CH.CjI^,     melt- 

ing  at  95^,  results  from  ethylenediphenyldiamine  and  isobutylaldehyde.  Diethylene- 
diphenyldiamine,  ndiphenylpiperazine  ;  see  piperazine. 

Alkylidene  Anilines. — These  are  produced  in  energetic  reactions  by  the  union 
of  fatty  aldehydes  and  aniline.  An  exit  of  water  occurs.  The  simple  bodies  are 
usually  unstable  oils,  which  immediately  polymerize  in  part  like  formaldehyde-aniline, 
or  partly  condense  in  an  aldol-like  manner.  The  simple  and  polymeric  alkylidene  ani- 
lines readily  absorb  hydrocyanic  acid  and  form  nitriles  of  the  a-anilido-acids.  Those 
having  an  aldol  nature  do  not  behave  in  this  way ;  they  readily  condense,  with  exit  of 
aniline,  to  quinoline  derivatives  (see  quinaldine  syntheses)  (B.  25,  2020). 

Anhydrofonnaldehyde  Aniline,  (CH^NCH^),,  melting  at  140®,  has  been  prepared 
by  mixing  a  solution  of  well-cooled  formaldehyde  with  aniline.  It  yields  methyl  aniline 
upon  reduction,  and  anilido-acetonitrile  with  prussic  acid. 

Ethidene  Aniline,  CH, .  CH  :  N .  C, H5,  is  an  oil.  It  absorbs  hydrocyanic  acid 
readily  and  condenses,  without  difficulty,  to  two  modifications  of  /9-anilidobutylidene- 
anilinc,  CH, .  CH(NH  .  CeH5)CH, .  CH  :  N .  C,H.,  melting  at  I26<»  and  at  85«.  The 
latter  can  be  rearranged  into  the  former  or  high  melting  body.  When  heated  with  hy- 
drochloric or  acetic  acid  they  yield  quinaldine,  while  nitrous  acid  changes  them  to  two 
dinitroBO-compounds,  melting  at  161°  and  120^  (B.  29,  2977).  Aldol-aniline, 
CH,.CH(OH)CH,.CH!N.C,H5,  from  aldol  and  aniline,  is  a  reddish-colorcd  and 
easily  decomposable  oil.     Ammonium  sulphide  changes  it  to  thioaldol  aniline,  CH, .  - 

CH(OH).  CH,  .  CHr^ 7N .  C^H^,  melting  at  920  (B.  29, 59). 

\^/ 

C.  Polyphenylamines. — The  methods  of  producing  these  bodies 
and  their  behavior  will  be  explained  in  connection  with  diphenylamine 
and  triphenylamine. 

Diphenylamine,  NHl^CeHj),,  melts  at  54*^  and  boils  at  310®. 

1.  This  compound  is  very  important  from  a  technical  standpoint.  It 
was  prepared  by  A.  W.  Hofmann  (1864)  on  heating  aniline  biue,  rosani- 
iinej  and  similar  dye-substances  (A.  232, 160). 

2.  It  is  made  by  heating  aniline  hydrochloride  and  aniline  to  240^  : 

C^Hj .  NH, .  Ha  +  CjHj .  NH,  ==  (CeH5),NH  +  NH^. 
The  homologous  ditolylamines  have  been  similarly  obtained. 

3.  It  results  also  upon  heating  aniline  with  phenol  and  ZnCI,  to  260^. 

4.  It  is,  furthermore,  formed  when  brombenzene  and  aniline  are  heated  to  350-390^ 
together  with  soda- lime  (B.  27,  R.  74). 
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Diphenylamine  is  a  pleasant-smelling,  crystalline  compound.  It  is 
almost  insoluble  in  water,  but  readily  soluble  in  alcohol  and  ether.  It  is 
a  very  weak  base,  whose  salts  are  decompiled  by  water. 

Potassium  pennangmnate,  in  alkaline  solation,  oxidiies  diphenylamine  to  dipkemyl' 

p-azopkenylene  or  quinone-dianily  C^H^  <  tA-m  '  c^h*      Chlorine  and  bromine  convert 

it  into  tetra-  or  hexa-halogen  substitution  (Mroducts,  and  nitric  acid  changes  it  to  the 
hexanitro-derivative  (p.  93).  Sulphuric  acid  dissolves  diphenylamine;  the  solotion 
has  a  dark-blue  color  when  traces  of  nitric  acid  are  present :  test  for  nitric  acid. 

Nitrodiphenylamines   (see  p.   93). — Nitrosodiphenylamine    (p.    94).      On   heating 

diphenylamine  with  sulphur  it  yields  thiodiphenylamiHe^lX)\  <Cr^H^^^  (^^^  this),  the 

parent  substance  of  the  thumine  dyes.  Acridities — t.g.^  N.  ^  u  ^CH — are  pro- 
duced when  it  is  heated  to  300®  with  fatty  acids.  Diphenylamine  is  applied  in  the 
manufacture  of  triphenylrosaniline  (see  this)  or  aniline  blue.  Methyl  Diphenylamine^ 
CH,N(C^Hj)„  boils  at  292°  (A.  235,  21). 

Triphenylamine,  (CeH5)sN,  is  obtained  on  heating  dipotassium  ani- 
line (p.  75)  or  sodium  diphenylamine  with  brombenzene  (B.  18,  2156). 
It  crystallizes  from  ether  in  large  plates,  melts  at  127^  and  distils  un- 
decomposed.  It  dissolves  in  sulphuric  acid,  forming  a  violet,  then  a 
dark-green  color.  It  cannot  form  salts  with  acids.  By  nitration  it  yields 
a  trinitro-product,  which  forms  triamidotriphenylamine^  N(CeH4 .  NH^^, 
by  reduction  (B.  19,  759).  Hexaphenylrosaniline  is  produced  when 
phosgene  acts  upon  triphenylamine. 

ANILINB  DERIVATIVES  OP  INORGANIC  ACIDS. 

Aromatic  Thionylamines  (Michaelis). — These  bodies,  corresponding  to  the  alkyl- 
thionylamines  (i,  165),  are  produced  when  thionyl  chloride  acts  upon  primary  bases. 
This  reaction  is  characteristic  of  these  derivatives.  The  thionylamines  are  mostly  yellow- 
colored  liquids,  boiling  at  the  ordinary  pressure  without  decomposition.  They  have  a 
peculiar  aromatic  odor ;  at  the  same  time  the  odor  of  sulphur  chloride. 

Thionyl  Aniline,  C^H^N  :  SO,  boils  at  200°  and  has  the  specific  gravity  1.236  (15**). 
Thionyl-o-chloraniline  boils  at  207°  under  46  mm.  pressure ;  the  m-body  boils  at  233^, 
and  the  p-compound  melts  at  36®  and  boils  at  237®.  Thionyl-o-bromaniline  boils 
at  210®  under  46  mm.  pressure;  the  m-body  melts  at  32®  and  the  para-  at  60®. 
Thionyl  o-nitraniline  melts  at  32°. 

Thionyl-o-toluidine  boils  at  184^  under  100  mm.  pressure;  the  m-compound  boils 
at  220°,  while  the  p-derivative  melts  at  7°  and  boils  at  224®  (A.  274,  201),  etc. 

Phenylsulphamic  Acid,  CgH^NHSOsH,  only  known  in  the  form  of  salts,  is  pro- 
duced when  SO3  or  QSO3H  acts  upon  aniline  dissolved  in  chloroform  (B.  24,  360),  as 
well  as  by  heating  aniline  with  amidosulphonic  acid  (B.  27,  1244).  p-Tolylsulphamic 
Acid  is  precipitated  from  its  ammonium  salt  solution  by  acids  (B.  28^  3l6l)*  Sulph- 
anilide,  SO,(NHC,Hj),  (B.  24.  362). 

The  aromatic  nitrosamines  and  nitroamines  will  be  discussed  later,  before  the 
diazo-deri  vati  ves . 

Phosphorphenylamines. — Phosphazobenzene  Chloride,  C.II5N:  PCl,  melting 
at  136-137°,  was  made  by  allowing  PCI3  to  act  upon  aniline  hydrochloride.  Phenol 
changes  it  to  Phenoxylphosphazobenzene,  C^H^N  :  P(0 .  C^H^),  while  with  aniline  it  forms 
phosphazobenzene  <i«i7k/^  C^HjN :  P .  N  H  .  C^Hj  (B.  27,  490).  Aniliihy- phosphoric 
Bichloride^  C^HjNH  .  POCl,,  melting  at  84°,  can  be  prepared  from  POCI,  and  aniline 
hydrochloride  (B.  26,  2939).  Orthophosphor-anilide,  (CjH.NH),!^),  melts  at  208°  (A. 
229,  334).     Oxyphosphatobenune  anilidey  C^HgNl^I  .  PO  :  N  .  C'^Hj.  melting  at  357®,  is 
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the  finftl  product  in  the  action  of  POG,  upon  aniline  (6.  ag,  716).  Trichlorphosphartil, 
C^HjN .  PC1|  (B.  a8,  2212),  is  formed  from  aniline  hydrochoride  and  phosphorus  peiita- 
chloride. 

Sulfhophosphaxobenzene  chloride^  C^H^N  :  PSCl,  melting  at  149®  and  boiling  ai  280- 
290®,  IS  formed  from  PSClg  and  aniline  hydrochloride  (B.  a8,  1239). 

Arsenpbenylamines  are  produced  in  the  action  of  arsenious  chloride  or  bromide 
upon  aniline  dissolved  in  ether  or  chloroform.  Arsenanilido-dichloride,  C^H^NHAs- 
Cl^  melts  at  87^.  Arsenanilido-dibromide  melts  at  112^.  Arsendianilido-mono- 
chloride,  (CsH^NH),AsCl,  melts  at  127°.  Arsenanilido-dimethyl  Ether,  C^H^- 
NHAs(OCH5),,  boils  at  55**  under  12  mm.  pressure  (A.  a6x,  279). 

Silicotetraphenylamide,  Si(NHCsHj)4,  melts  at  137°  (B.  as,  R.  746). 

CARBONIC  ACID  DERIVATIVBS  OP  THE  AROMATIC  PRIMARY    AND  SECOND- 

ARY  AMINES. 

In  the  introduction  to  the  fatty  acids  an  example  was  given  in  con- 
nection with  acetic  acid  to  show  what  nitrogen-containing  derivatives 
could  be  obtained  by  changes  in  the  carboxyl  group  (i,  222).  The 
first  category  contained  the  acid  amides,  which  may  be  variously  con- 
structed, corresponding  to  the  formulas — 

■•«'■<„."«"■■>'•<«• 

The  imidoethers  are  derived  from  the  second  formula. 

Numerous  fatty  acid  derivatives  of  these  classes  have  been  obtained 
from  aniline  and  its  primary  homologues.  With  acid  amides  of  second- 
ary bases  only,  formula  i  comes  into  consideration.  In  a  primary  amine 
both  hydrogen  atoms  are  replaceable  by  acid  radicals. 

The  thiamides  and  isothiamides  correspond  to  the  acid  amides : 

I.    WQ^^        and    2.  R/<^". 

The  amide  chlorides,  imide  chlorides,  and  the  amidines  attach  them- 
selves to  these  classes. 

Anilides  of  Monobasic  Fatty  Acids. — The  anilides  or  phenyl- 
amides  of  the  fatty  acids  are  made  by  the  methods  given  for  the  acid 
amides  (i,  262) : 

(i)  By  heating  the  aniline  salts  of  the  fatty  acids.  (2)  By  the  action 
of  aniline  upon  esters,  (3)  upon  acid  chlorides,  and  (4)  upon  acid 
anhydrides. 

The  acid  anilides  are  very  stable  derivatives;  can  usually  be  dis- 
tilled without  change,  and  also  directly  chlorinated,  brominated,  and 
nitrated  (p.  77).  They  furnish  a  rapid  and  simple  means  of  distinguish- 
ing the  aromatic  bases.  They  are  resolved  into  their  components  by 
digesting  them  with  alkalies  or  heating  with  hydrochloric  acid.  They 
yield  benzo#hiazoles  when  they  are  heated  with  sulphur. 

The  secondary  anilides,  like  secondary  alkyl  anilines  (p.  97),  3rield  nitrosamines  by 
the  action  of  nitrons  acid. 

These  give  the  nitrosamine  reaction  with  phenol  and  sulphuric  acid  ;  but  are  le^& 
stable  than  the  nitrosamines  of  the  secondary  anilines.     Kedu^n^  ^<&^VSk  \y(<&^  ^^ 


82  ORGANIC  CHEMISTRY. 

their  nitroso-group.  The  anilides  of  fonnic  and  acetic  adds  will  be  described  in  the  fol- 
lowing paragraphs: 

Pormanilide,  C^H^ .  NH  .  CHO,  is  obtained  on  digesting  aniline  with  formic  sod, 
or  by  rapidly  heating  it  together  with  oxalic  acid. 

It  is  readily  soluble  in  water,  alcohol,  and  ether.  It  melts  at  46^  and  boils  at  2^^ 
with  scarcely  any  decomposition. 

Salis  and  Alkyl  Dfriva/ives.^Conctntnitd  sodium  hydroxide  precipitates  the  crys- 
C  H 
talline  compound,  rtj(>>^'^Af  Sodium  Pormanilide,  which  methyl  iodide  changes 

to  methyl  formanilide,  melting  at  12.5°  and  boiling  at  253®.  The  latter  b  resolved 
into  acid  and  methyl  aniline  when  it  is  digested  with  alcoholic  potash  or  hydrochloric 
acid  (H.  21,  1 107).  Silver  nitrate  added  to  the  alcoholic  solution  of  the  sodium  com- 
pound  predpitaies  sih'rr  /ormam'/tdf,  C^IIj  .  N  :  CH(OAg).  Methyl  iodide  converts 
the  latter  into  mf/AW  isoformanilide^  ^^sHj.  N  :  CH  .  O  .  CH„  boiling  at  196®  (B.  23, 
2274 ;  R.  659).  However,  the  silver  salt  and  acid  chlorides — €,  ^.,  l^nzoyl  chloride- 
yield  N-derivatives  (B.  29,  R.  1 141).  Ethyl  hoformanilide^  efkoxy methylene  aniline, 
C^HjN :  CH(  >C,lIj,  boiling  at  212°,  b  obtained,  together  with  diphenylformamidine,  bjr 
the  prolonged  boiling  of  aniline  with  orthoformic  ester  (A.  287,  360).     PhenyHmido- 

formylchloride  hydrochloride^  (CjH^N  =  C<Q),Ha,  is  produced  when  dry  hydrodilorie 

acid  gas  is  conducted  into  an  ethereal  solution  of  phenylisocyanide  (p.  83)  (A.  270, 303). 

Acetanilide,  Antifebrine,  QHjNH .  CO  .  CH„  melting  at  112^  and 
boiling  at  304**,  is  produced  on  boiling  aniline  with  glacial  acetic  add  (B. 
15,  1977)  (for  the  si)eed  of  the  reaction  consult  J.  pr.  Ch.  [2]  26,  208), 
or  from  aniline  and  acetyl  chloride  or  acetic  anhydride,  as  well  as  from 
malonanilic  acid  (p.  91).  Its  formation  on  heating  isomeric  acelo- 
])henone-oxime  to  100®  with  sulphuric  acid  is  especially  noteworthy  (B. 
20,  2581)  : 

CjHjC  =  (NOH)  .  CH, ^  CeHjNH  .  CO  .  CH,. 

Acetanilide  crystallized  from  water,  in  which  it  is  sparingly  soluble  in 
the  cold,  consists  of  small  white  leaflets.  It  is  used  as  an  antipyretic  and 
antirheumatic.  Consult  A.  184,  86,  for  the  action  of  PCI5.  Bisthiazole 
(see  this)  is  formed  when  it  is  heated  with  sulphur. 

Salts. — Its  hydrochloride  is  decomposed  by  water.  "When  it  is  heated  it  yields 
diphenyl  ethenylamidine,  flavaniline  (see  this),  and  dimethyl  quinoline  (B.  x8,  I3f40). 
Kthylaniline,  together  with  acetic  acid,  is  the  product  on  heating  acetanilide  with  sodinin 
alcoholate  (B.  19,  R.  680). 

Sodium  Acetanilide,  C^H^NNa .  COCH,,  obtained  by  the  action  of  sodium  npon 
acetanilide  dissolved  in  xylene,  is  changed  by  alkyl  iodides  into  monoalkylacetanilides 
(B.  ID,  328),  from  which  the  monoalkylanilines  can  be  obtained  (B.  23,  2587).  The 
same  acetaniJides  are  produced  when  acetic  anhydride  acts  upon  secondary  bases.  Met- 
curioacetanilide,  (CJIgNCO .  CH,),Hg  (B.  28,  R.  II3}. 

Methyl  Acetanilide,  Exalgine^  melts  at  101°  and  boils  at  253°  (antineuralgic). 
Ethyl  Acetanilide  melts  at  54®  and  boils  at  258**. 

n- Propyl  Acetanilide  melts  at  47°  and  boils  at  266®  (B.  2X,  1108). 

Substituted  Acetanilides.^-o-  and  p-Derivatives  of  acetanilide  are  obtained  by  the  action 
of  chlorine,  bromine,  and  nitric  acid  (p.  92). 

Formyl  Acetanilide,  C,H5N(COH)(COCH,),  from  mercurio-formanilide  and  acetyl 
chloride,  melts  at  56°  (B.  29,  R.  1 155). 

Diacetanilide,  CjH5N(C0  .  CHs)^,  melting  at  37**  and  boiling  at  142°  under  II  mm. 
pressure,  results  when  acetanilide  is  heated  to  170-180®  with  acetyl  chloride  or  with 
acetic  anhydride  to  200®,  as  well  as  upon  boiling  phenyl  mustard  oil  with  acetic  anhydride 
(B.  27,91;  28,  1665). 
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The  acet-derivatives  are  characterized  by  their  great  power  of  crystal- 
lization. They  serve  as  a  means  of  detecting  many  primary  and  second- 
ary aromatic  bases.  Therefore  the  melting  points  of  many  acet-bodies 
will  be  introduced  in  connection  with  their  respective  bases  (p.  76). 

Nitroso-anilides,  s«e  p.  97. 

Thioanilides  result  upon  treating  the  anilides  with  P^Sj,  and  the  amidines  and  iso- 
nitriles  with  H,S. 

Tbiofonnanilide,  C^H^ .  Nil .  CHS,  melts  at  137^  and  decomposes  at  the  same  time 
into  H,S  and  phenyl  isocyanide  (B.  xx,  338;  A.  193,85).  Consult  B.  x8,  2292,  upon 
homologous  thioformanilides. 

Thioacetanilide  melts  at  75^.  An  alkaline  solution  of  potassium  ferricyanide  oxid- 
izes it  to  ethenyl  amido-thiophenol,  CjII^^g^C.CH,  (B.  19,1072). 

Methyl-thioacetanilide  melts  at  58-59°  and  boils  at  290°. 

CH 
Methyl-isotbioacetanilide,   C,HjN :  C<jr^j»j  ,  boiling  at  2450,  and  Ethyl-iso- 

thioacetanilide,  boiling  at  250°,  are  obtained  by  the  action  of  sodium  alcoholate  and 
alkyl  iodides  upon  thioacetanilide  (similar  to  formation  of  phenyl-isothio-urethanes,  p. 
86,  and  of  phenyl -isothio-ureas,  p.  57). 

They  decompose  into  aniline  hydrochloride  and  thioacetic  ester,  CH,  .  CO  .  SR,  when 
shaken  with  hydrochloric  add  (B.  X2,  1061). 

Phenylated  Amidines  of  Formic  Acid  and  Acetic  Acid. — tn  addition  to  the 
methods  proposed  for  the  formation  of  amidines,  the  phenylated  amidines  are  produced 
by  the  action  of  PCI,  or  hydrochloric  acid  upon  a  mixture  of  aniline  and  anilide,  when 
an  exit  of  water  occurs  (B.  15,  208,  2449) : 

CjHjNHCOCH,  -f  CeHjNH,  =  ^'c  ^n^C  .  CH,  -f  H,0. 

They  are  feeble  bases,  and  form  salts  with  one  equivalent  of  hydrochloric  acid.  They 
break  down  into  aniline  and  acid  anilides  when  boiled  with  alcohol. 

Diphenyl-formamidine,  Methenyldiphenyl- diamine^  C^H^N  :  CH  .  NH  .  CjTTj, 
melting  at  135°,  results  upon  heating  aniline  widi  chloroform  or  formic  acid  to  180^,  and 
by  boiling  phenyl-isocyanide,  CjH^  .  NC,  with  aniline.  It  crystallizes  from  alcohol  in 
long  needles  and  distils  at  250°,  with  partial  decomposition,  intobenzonitrile  and  aniline. 

Diphenyl-ethenyl-amidine  melts  at  131°. 

Phenyl-ethenyl-amidine,  CjHjN:  C(NH,).CH,.  from  acetonitrile  and  HCl-ani- 
line  (A.  184,  362;  19a,  25)  (l,  261),  is  a  liquid. 

Phenylisuretine,  C^HjNH.  CH  :NOH,  melting  with  decomposition  at  138°,  has 
been  obtained  from  formylchloride-oxime  (i,  233)  and  aniline  (B.  27,  R.  745). 

Phenylated  Carbylamines  (i,  236). — Phenyl  isocyanide.  Phenyl  carbyhmittf, 
CjHjN :  C,  boils  under  ordinary  pressure  at  166**  (when  polymerization  occurs)  and 
unaltered  at  64**  under  a  pressure  of  20  mm.  The  colorless  liquid  soon  acquires  a  clear 
blue,  and  finally  a  dark  blue,  color,  when  it  resinifies.  Its  sp.  gravity  at  15^  equals 
0.977.  Phenyl  isocyanide  is  produced  by  the  action  of  chloroform  on  aniline  in  an 
alcoholic  solution  of  caustic  potash,  or  by  the  distillation  of  thioformanilide  (above).  It 
has  an  exceedingly  disagreeable  and  permanent  odor,  a  bitter  taste,  and  increases  the 
flow  of  saliva  and  produces  headache. 

It  behaves  as  follows:  (i)  When  heated  to  220^  it  is  rearranged  into  benzonitrile^ 
CjHjCN.  (2)  Nascent  hydrogen  converts  it  into  methyl  aniline,  (3)  Hydrochloric 
acid,  in  dry  ether,  changes  it  to  phenylimidofomiyl  chloride  (p.  82) ;  with  (4)  glacial 
acetic  acid  it  yields  formanilide;  with  (5)  hydrogen  sulphide  at  100®,  thioformanilide  ; 
(6)  with  sulphur  01130^,  mx«^/ar^M7;  (7)  with  zm\m^  zi  l^0'^ ^  diphenyl  formamidine  ; 

(8)  with   chlorine,   isocyanphenyl  chloride   or  phenylimidocarbonyl  chloride  (p.   89)  ; 

(9)  with    phosgene,   mesoxanilimide    chloride^    CjIIjNzzr  CCl..  CO  .  CC1  =  N.  C^H^; 

(10)  with  acetyl  chloride, /^yr^Tra^w/w-  anilide  chloride  (Nef,  A.  270,  274).  o-Tolyl- 
isocyanide  boils  at  75^  (16  mm.) ;  sp.  gravity  0.968  at  24°.  p-Tolylisocyanide  boils 
at  990  (32  mm.)  (B.  ay,  K.  792). 
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Pbenylamine  Derivatives  of  Ozy-acids. — These  componnds  are  well  adapted 
for  certain  condensations  in  which  the  benzene  hydrogen  holding  the  ortho-position  «i& 
reference  to  nitrogen  takes  part,  so  that  a  heterocyclic  derivative  results.  The  adds  are 
obtained  by  heating  the  corresponding  haloid  fatty  acids  with  aniline.  The  nitriles  are 
produced  by  adding  prussic  acid  to  the  alkylidene  anilines  (p.  79),  or  by  heating  the 
aldehyde  cyanhydrins  with  aniline. 

Anilido-acetic  Acid,  Phenyl  glycocoll,  Pbenylglycin,  is  obtained  finom  chkw- 
or  brom  acetic  acid  by  the  action  of  aniline  and  water  (B.  10,  2046;  ax,  R.  136).  It 
melts  at  127**. 

Its  alkyl  esters  are  produced  when  aniline  is  heated  with  the  diazo-acetic  esteis.  Its 
nitriU^  from  anhydroformaldehyde  aniline  and  absolute  prussic  acid,  melts  at  43^.  If 
the  free  acid  be  heated  to  150°,  it  passes  into  diphenylglycin  anhydride  or  dipkenyl- 
diacipiperazine^  melting  at  263°  (B.  25,  2270). 

In  addition  to  phenylglycin,  aniline  and  chloracetic  acid  jrield  diglycolphtnylamiik 
acid,  C-H5N(CII,  .  CO,H)„  melting  at  150-155°  (B.  23,  1990).     Its  anhydride^  C^Hj- 

^<CH  '  CO>^»  ™^^^  *'  ''^^**  ^'  *5'  ^^7^)-     '^®  '""'^'  ^•"6^<CH*  .*  CO>^"» 

melts  at  158°  (B.  22,  1809).     The  anil,  QJt{^<^^^^^^CJA^,  melts  at  I520(B. 

22,  1802).     When  phenylglycin  and  bromacetanilide,  C^HjNH .  CO .  CH,Br,  melting 
at  131°,  are  fused  with  caustic  potash  in  the  air,  indigo  results.     The  distillation  of  a 

mixture  of  calcium  anilido- acetate  and  formate  produces  indol,  C^H^<i^|t^CH  (see 

this).     Diglycolanilic  Acid,  0<^|J«  '  ^q  '^^  '  ^"»,  melting  at  Ii8«,  and  isomeric 
with  diglycolphenylamidic  acid,  results  from  diglycollic  anhydride  and  aniline.     Acetyl 
chloride  changes  it  iodi^iycoianil,  0<^j,*  *  rry^^  '  ^6^5»  melting  at  1 16°,  and  iso- 
meric with  diglycolphenylamidic  anhydride  (A.  273,  66). 
Thiodiglycol-anilic  Acid  and  Anilide  (A.  273,  70). 

o  Nitrophenylglycin,  NO,[2]C6H,[i]NH .  CH,.  CO,H,  melts  at  193° 

(see  quinoxalines). 

CO  H 
a-Anilidopropionic  Acid,  Phenylalanine,  CeH5NHCH<pYj  ,  melt- 
ing at  162°,  has  been  prepared  from  its  nitrile,  the  rearrangement  pro- 
duct arising  from  ethidene  cyanhydrin  and  aniline,  as  well  as  from 
ethidene  aniline  and  prussic  acid  (B.  15,  2036;  23,  2010;  2$,  2032). 
/9-Anilidopropionic  Ester,  from  /S-iod propionic  ester,  boils  at  175° 
(18  mm.)  (B.  29,  514). 

Aniline  Derivatives  of  Ketone  Carboxylic  Acids. — Pyrora- 
cemic  Anilide,  CH, .  CO .  CO .  NH  .  C.Hj,  melts  at  104°.  Pyrora- 
cemic  Anilide  Chloride,  CH, .  CO  .  CCl:  N.  C^Hj,  boiling  at  136*' 
(13  mm.),  is  prepared  from  phenyl  carbylamine  and  acetyl  chloride  (A. 
270,  299). 

Anil-pyroracemic  Acid,  C^Hj .  N  :  C(CIIj) .  CO,H,  melting,  with  decomposition, 
at  122^,  is  formed  from  pyroracemic  acid  and  aniline  dissolved  in  ether  (A.  263,  126). 
It  changes  readily  into  anil-uvitonic  acid,  a  derivative  of  quinoline. 

CO    CII 

By  heating  aniline  and  acetoacetic  ester  to  130°  Acetoacetanilide,  CH,<[p^   nh' 

CjH.,  is  produced.     It  melts  at  85**.     It  condenses  to  y-mcthyl  carbostyril. 

V?hen  aniline  and  acetoacetic  ester  interact  at  the  ordinary  temperature,  there  is 
formed  anil-acetoacelic  ester,  that  may  be  considered  as  /?- Phenylimido-butyric 
Bater,   Cii^ .  C/NH  .  QH^;  ;CII.  CO, .  R,  or    /J-Anilido-crotonic    Ester,  C;H5N- 
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H.C^QIl'  QQ  ^      This  is  a  thick  oil,  boiling  without  decomposition  under  12  mm. 

pressure.     Acids  and  alkalies  decompose  it  into  its  components.     It  condenses  to  >'-oxy- 
qninaidine  (see  this)  and  phenyl  lutidon-carboxylic  acid  (B.  20,  947  and  1398;  22,  83). 
The  tolylamido-derivatives  behave  similarly  (B.  21,  523). 

ANILINB  DERIVATIVES  OP  CARBONIC  ACID. 

The  conapoands  belonging  in  this  class  are  very  numerous,  and  will  be  treated  in  the 
order  observed  with  the  amine  and  alkylamine  derivatives  of  carbonic  acid,  with  which 
they  can  thus  be  most  satisfactorily  compared  (see  vol.  i). 

Carfoanilic  Acid,  phenyl  carbamic  acid,  is  not  known  in  a  free  state.  Its  esters, 
called  phenyl  urethanes,  result  (i)  in  the  action  of  chlorcarbonic  esters  upon  aniline 
(B.  18,  978) ;  (2)  from  carbanile  with  alcohols  and  phenols  (B.  3,  654) ;  ^3)  from  urea 
chlorides  and  alcohols  (B.  24, 2108) ;  and  (4)  from  benzoylazide  and  alcohols  (compare  I, 
163,  and  B.  29,  R.  181).  The  w^My  ts/er,  C^Hj .  NH  .  COjCHj.  melts  at  47®,  and 
is  converted  into  amidosulphobenzoic  ester  when  dissolved  in  sulphuric  acid  (B.  z8, 
980).     The  efAj^/  ester  melts  at  52®. 

Urea  Chlorides  are  produced  by  the  action  of  secondary  aromatic  bases  upon  phos- 
f^ne  in  benzene  solution  (B.  23, 424).  Phenyl  urea  chloride  and  bromide^  ^e^^s  *  ^^^  *  ~ 
CX)Br,  melt  at  67®  ;  compare  B.  28,  R.  777. 

Methyl  Phenyl  Urea  Chloride,  (CH,).  (CeH5)N.COCl,  melts  at  88®  and  boils  at 
280®.  Diphenyl  Urea  Chloride,  (C,H5),N .  COCI.  melts  at  85®.  When  these  urea 
chlorides  act  upon  benzene  in  the  presence  of  AlCl,  they  form  the  amides  of  benzoic 
acid  {synthesis  of  aromatic  acids,  B.  20,  2118;  24,  2108). 

A  tetrasubstituted  oxamide  (B.  25,  1819,  1825)  is  produced  when  sodium  in  ethereal 
solution  acts  upon  di-^-tolyl-urea  chloride^  melting  at  102**. 

Phenylated  Ureas. — Phenyl  urea,  CO<j^jt  *    •    *,  is  prepared  by  evaporating 

the  aqueous  solution  of  aniline  hydrochloride  and  potassium  isocyanide  (B.  g,  820),  and 
by  the  action  of  ammonia  upon  carbanile.     It  melts  at  144^. 

sym. -Alkylphenyl  Ureas  are  produced  in  the  action  of  aniline  upon  isocyanic  esters,  or 
of  phenyl  isocyanide  (p.  89)  upon  alkylamioes.  sym.- Ethylphenyl  Urea,  CjlI^NII- 
CONIIC^Uj.  melts  at  99«». 

unsym.-.t/hylphenyl  Ureas  are  obtained  from  alkyl  aniline  hydrochloride  and  potas- 
sium i:»ocyanide.     unsym.  - Et/iylphenyl  Urea  melts  at  62°. 

NH    C  H 
sym. -Diphenyl  urea,  CO<*ttt   c'it**  carbanilide,  melting  at  235°  and  boiling  at 

260°,  is  formed  (l)  by  the  action  of  phosgene  gas  on  aniline  (B.  16,  2301) ;  (2)  by  the 
union  of  carbanile  with  aniline  (A.  74,  15) ;  (3)  by  the  action  of  mercuric  oxide  or 
alcoholic  potash  upon  s.-diphenyl  thiourea  (A.  70,  148),  and  (4)  by  heating  aniline  with 
urea  to  170®.  It  is  most  readily  obtained  (5)  by  heating  monophenyl  urea  with  aniline 
to  190°  (B.  9,  820),  or  (6)  by  heating  diphenyl  carbonate  with  aniline  to  170^  (B.  18, 
516). 

Carbanilide  consists  of  silky  needles,  easily  soluble  in  alcohol  and  ether,  but  sparingly 
soluble  in  water.     Diphenyl  urea  chloride,  heated   to   100^  with  alcoholic  ammonia, 

yiekis  unsyramctrical  diphenyl  urea,  CO<^Vi*  *  *,  melting  at  189°,  and  when  dis- 
tilled yielding  diphenylamine  and  cyanic  acid.  Triphenyl  urea,  CO<j^t  j  jj^  ^',  melt- 
ing at  136°,  and  tetrsphenyl  urea,  C0<?If&5*X  »»eiang  *^  '^i®*  ^*^«  *^^  ^^" 

obtained  from  diphenyl  urea  chloride  (B.  g,  398). 

Cyclic  Alkylcnphenyl  Urea  Derivatives  (compare  vol.  i,  Derivatives  of  Urea) : 
Ethylene  Phenyl  Urea,  see  B.  24,  2192.    Trimethylene  Phenyl  Urea  (B.  23,  II73)- 

Nrc  H  ^  CH 

Ethylene  Carbanilide,  C0<^/,  *    *   *  1     »,  melts  at  183°  (B.  20,  784).      Trimethylene 

N(C,H5) .  CH, 
CarbaniUde  melu  at  1530  (B.  20,  7^3). 
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Ureides  of  the  Phenylated  Ureas  of  monocarboxylic  acids. 

Acetyl  Phenyl  Urea,  CH.CO .  NH  .  CO .  NH .  CH.,  melts  at  183°.  Acetyl  CardduiiuU, 
CjHj  .  NH  .  CO .  N(CO .  CH,)(^H5,  melts  at  115*  (k  17,  2882). 

Ureides  of  Oxy-acids,  Qlycolyl-phenylurea,  pbenyl-hydantoln,  is  obtained  od 
heating  phenylglycin  to  160^  with  urea.     It  melts  at  160^. 

Diphenyl  Hydantoin  melts  at  139^  (B.  25,  2274). 

Phenylated  Pseudourea  Derivatives. — Ethyl  Isodiphenyl  Urea,  Anilulo-phenyl' 
carbamU  Ethyl  Ether,  C^H^N :  C(0 .  C,H5)NH  .  C^Hj,  is  an  oil.  It  rcsulte  on  hestiog 
carbodiphenylimide  with  alcohol  to  160-190°,  or,  better,  with  sodium  alcoholate  (B.  27, 
926;  28,573). 

Phenylated  Ureides  of  Carbonic  Acid.— Phenylallophanic  Ester,  CLH5NH .  - 
CO.  NH.COjCjHg.  melts  at  120®  (J.  pr.  Ch.  [2]  32,  18).  Diphenyl^lophanic 
Acid,  sec  B.  4.  246.  Diphenylbiuret,  C^H^NH  .  CO  .  NH .  CO  .  NH .  CLH^,  melts 
at  2io<'  (H.  4,  265).  Triphenylbiuret  melts  at  147°  ^B.  4,  250).  Phenymydrozyl 
Urea,  C.H5NH  .  CO .  NH  .  OH,  melts  with  decomposiUon  at  I40<*,  and  results  from  the 
action  of  hydroxylamine  hydrochloride  upon  carbanile  (A.  263,  264). 

Phenylsemicarbazide,  Phenylcarbamic  Hydrazide,  C^H^NH  .  CO .  NH .  NH„ 
melting  at  I20°,is  isomeric  with  the  phenylsemicarbazide  or  carbamic  phenylhydrazide 
(see  this),  obtained  from  phenylhydrazme  salts  and  potassium  cyanate.  It  is  also  pro- 
duced by  carefully  decomposing  its  acetyl  derivative  with  acids.  This  is  fonned  upon 
boiling  benzazide  with  acethydrazide  in  acetone  solution ;  nitrogen  is  evolved  at  the  same 
tune  (B.  29,  R.  982)  : 

CeH^CON,  -f-  NH,  .  NH  .  CO .  CH,  =  C^HjNH  .  CO .  NHNH .  CO .  CH,  +  N,. 

Phenylated  Derivatives  of  the  Thiocarbamic  Acids  and  of  Thiourea.— 
Phenylcarbamic  Thiomethyl  Ester,  C^H^  .  NH  .  CO  .  SCH,,  melting  at  830,  and  the 
ethyl  ester,  melting  at  74°,  are  fonned  when  diphenylamidine  thioalkylens  are  heated 
with  dilute  sulphuric  acid  to  180°  (B.  15,  339). 

Phenyl  Sulphurethane,  Xanthogen  Anilide,  Thiocarbanilic  Ethyl  Ester,  CgHj- 
NHCS .  OC2II5,  or  CgHjN  :  C(SH)OC,H4,  melting  at  71®,  is  produced  when  alcohol  at 
120°,  or  alcoholic  potash,  acts  upon  phenyl  mustard  oil.  It  is  rearranged  by  primary  and 
secondary  bases  into  phenyl  sulpho-ureas.  It  breaks  down  upon  distillation  into  phenyl 
mustard  oil  and  alcohol  (B.  15,  1307,  2164).    Alkaline  potassium  ferricyanide  oxidizes  it 

/N\ 
to  ethoxy-mustard  oil,  or  ethoxybcnzothiazole,  C,H^^     ^C .  O .  CjHj  (sec  this).    Like 

the  phenylthioureas  (see  below),  it  dissolves  in  the  alkalies,  and  forms  metallic  compounds 

with  silver,  mercury,  and  lead. 

OH 
Phcnylimidothiocarbonic  Acid,  C^HjN  :  C<gj, ,  is  not  known. 

When  alkyl  iodides  act  upon  the  metallic  compounds  of  the  phenylsulphurcthanes 
or  the  free  phenylsulphurcthanes,  we  obtain  the  alkyl  derivatives  of  phenylimidothio- 
carbonic  acid  (see  above).  The  reaction  is  very  probably  analogous  to  that  occurring 
with  the  thioacetanilides  (p.  83)  and  the  phenyl  sulphoureas.     The  oxyethylthio-methyl 

ester,  CgHj  .  N :  C<I:?^. jj  *,  boils  with  partialde  composition  at  26o*>.     The  diethyl 

compound  melts  at  30°  (A.  207,  148). 

Phenyl  Dithiocarbamic  Acid  Derivatives. — When  the  acid  is  liberated  from  its 
salts  it  decom|)oses  into  aniline  and  CS,.  Its  potassium  salt^  CjIljNHCSSK,  is  formed 
when  potassium  xanthate  is  boiled  with  aniline.  It  consists  of  golden-yellow  needles 
(B.  24,  3022).  The ///<r//n'/ <rj/<r;' melts  at  87-88® ;  the  ^M>'/( Phenyl  dithio-urethane) 
at  60°.     They  are  produced  by  warming  phenyl  mustard  oil  with  mercaptans. 

When  these  dithio  urethanes  are  heated,  they  decompose  into  their  generators.  They 
dissolve  in  alkalies. 

Ethyl  Phcnyldithiourethanc,  CS^q  ^r* h*^  '  ^•"*»   melts  at    68®  and   boils  at 

310®.  It  is  formed  by  heating  alkylized  ethyl  diphenyl-amidine  thioethyl  (p.  87)  to  160® 
with  CSj.  These  com|K)unds  are  very  stable,  no  longer  soluble  in  alkalies,  and  are  not 
desulphurized  by  mercuric  oxide  or  an  alkaline  lead  solution.     They  form  so-called  ad- 
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dition  products  (B.  15,  568,  1308)  with  methyl  iodide.  Phenyl  sulphurethane  and 
diphenyl-thio-urea  do  the  same. 

Phenyl  thiuramsulpbide,  S(CSNHCeH5)„  melts  at  137®  (B.  24,  3023). 

Methyl  phenyl  thiocarbamin  chloride,  (CH,)C^H^N .  CSCl,  melting  at  35^,  is 
obtained  from  methyl  aniline  and  thiophosgene  (B.  ao,  163 1). 

Phenyl  sulphoureas  (compare  vol.  i :  sulphoureas). 

Phenylthiurea,  ^<mh  »  Sulphocarbanilamide^  melting  at  154**,  is  formed 

by  the  anion  of  phenyl -mustard  oil  with  ammonia. 

S  is  replaced  by  O  and  phenylurea  formed  on  boiling  with  siWer  nitrate.  Mercuric 
oxide  converts  it  into  phenylcyanamide.  (For  the  action  of  methyl  iodide  see  B.  35,48.) 
NH    C  H 

s-Dipbenyl-thiurea,  CS<jgiT  "  r;*Li*»  Sulphocar ban  Hide  ^  consists  of  colorless,  shin- 
ing leaflets,  melting  at  15 1^  (B.  19,  1821 ),  and  readily  soluble  in  alcohol.  It  is  produced 
(I)  by  the  union  of  phenyl-mustard  oil  with  aniline  in  an  alcoholic  solution  ;  (2)  by  boil- 
ing aniline  with  CS,  and  alcoholic  potash  with  the  removal  of  hydrogen  sulphide. 

Numerous  reactions  of  sulphocarbanilide  are  known :  (l)  Iodine  converts  it  into  sul- 
phocarbanile  and  a-triphenyl-guanidine.  (2)  When  boiled  with  concentrated  hydro- 
chloric acid  it  decomposes  into  phenyl -mustard  oil  and  aniline  ;  the  mixed  symmetrical 
thiureas,  C^HjNH  .  CS .  NH  .  C^H.C,Hj,  undergo,  under  like  treatment,  a  decomposition 
into  two  mustard  oils  and  two  anilines  (B.  x6,  2016).  (3)  S  is  replaced  by  O,  and  the 
product  is  sym.-diphenylurea,  if  diphenylthiurea  be  boiled  with  mercuric  oxide  (p.  85). 
(4)  In  a  benzene  solution  mercuric  oxide  produces  carbodiphenyliroide  (p.  90).  (5)  In 
the  action  of  ammonia  and  lead  oxide  diphenyl-guanidine  is  produced,  while  with  aniline 
triphenyl-guanidine  is  formed. 

Phenyl-  and  sym.-diphenyl-thiureas  are  soluble  in  alkalies,  forming  salts  in  which  the 
metal  is  combined  with  sulphur  (as  in  the  case  of  thioacetanilide,  p.  83). 

See  B.  17,  2088 ;    23,  815  ;    26,  1686,  upon  the  alkyl  phenyl  thiureas. 

unsym. -Diphenylthiurea,  melting  at  198^,  has  been  prepared  from  diphenylamine- 
sulphocyanide(B.  26,  R.  607). 

Triphenylthiurea  melts  at  152^  (B.  17, 2092). 

Tetraphenylthiurea,  CS<jj[p*Tj*!*,  is  obtained    by  heating  triphenylguanidine 

(p.  88)  with  carbon  disulphide.     It  melts  at  195^'  (B.  15,  1530). 

Phenylthio-hydantofns. — Although  the  product  formerly  regarded  as  thio-  or  sulph- 
hydantoTn  has  proved  to  be  pseudothiohydantoTn  (compare  vol.  i),  there  are  still  aro- 
matic pheAylsulphydantoIns  known. 

CeH^ N— CO  Cellj— N— CO 

Phenyl-a-methylsulphydantoin,         eg  /         I  or  hS  C^         ' 

\NH.CH.CH,  ^N— CH.CH,, 

melting  at  184^,  is  produced  on  melting  together  phenyl-mustard  oil  and  alanine  (B.  24, 

3278). 

Phenylated  Pseudosulphourea  Derivatives.— Such  compounds  are  obtained,  for 
example,  from  phenyl  and  S3rm.  -diphenyl  thiourea  by  the  action  of  alkyl  iodides  and  caus- 
tic alkali,  or,  better,  upon  digesting  them  with  alkyl  iodides  or  bromides  in  alcoholic  so- 
lution (B.  25,  48).  In  the  second  case  the  iodohydrate  of  a  base  is  produced.  The  latter 
is  liberated  on  treating  the  former  with  a  sodium  carbonate  solution,  and  is  capable  of 
taking  up  additional  alkylogen.  When  digested  with  alcoholic  potash,  the  imidophenyl- 
carbamic  thio-esters  split  off  mercaptans. 

Imidophenylcarbamic-thiomethyl  Ester,  ^•^*JJJ{>CS  .  CHj,  melts  at  710. 

C  H 
Diphenylamidine'Thiomethyl^  Phenylimidophenylcarbamic-thiomethyl  Ester,  (Jj^**  [ 

^ir'^C.  S  .  CHj,  melts  at  110°,  from  which  would  follow  that  the  methyl -group  is  at- 
tached to  sulphur.  Both  these  compounds,  when  heated  with  dilute  sulphuric  acid, 
decompose  into  thiomethyl  phenylcarbaminate. 

When  heated  to  120°  with  alcoholic  ammonia,  phenyl* guanidine  and  mercaptan  are 
obtained. 
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If  heated  with  carboo  disulphide,  the  products  are  phenyl-mostard  oil,  and  phenyl- 
dithiocarbamic  esters  (B.  15,  343). 

With  Cil,r,,CiI,Br  .  CiI,Br,  CH,Br .  CII,  .  CH,Br,  diphenjlthiourea  affords  cyclic 
derivatives  of  {)seudothiourea(B.  ai,  1872) : 

N_C.H.  NC.H.— CH,  ,      _    N.C.H4-CH, 

C.H.N  =  C<    V,  •    '       CH.N=C<    ^    *      I    '    C.HftN=C<^       •    *     1   A 

The  ethylene  derivative  contains  the  so-called  thiasole  ring,  while  the  trimeChylene 
compound  contains  the  i)entathiazoIe  ring — the  next  higher  ring,  homologous  with  the 
thiazule  ring. 

Pscudo-phenylthiohydantoicacid,  HN:  C<^"cj§"(!o,H.  melting  at  150O. 
and  Pseudo-diphenylthiohydantoic  acid,  C^H^  N :  C<g^jj'  ^  f^  ^^^  obtained 
from  phenyl-  and  diphenylthiourea  by  the  action  of  chloracelic  acid.  By  the  elimination 
of  water  both  of  these  compounds  pass  into  psuedo-phenylthiohydantoln,  HN :  - 

C<  /        *  I,     ,  melting  at  178°,  and  pseudo-diphenylthiohydantoin,  C^H^N:- 

C<        '    ^  I     ,  melting  at  176^.     Boiling  dilute  hydrochloric  acid  converts  both  com- 

'  ^^     NCCLHj)  CO 

pounds,  by  water  absoq)tion,  into  phenyUmmtard  oil  acetic  acid,  OC  <  ,  1 

S  CH^ 

(A.  207,  128  ;   B.  14,  1660) ;  ammonia  and  aniline  are  liberated  simultaneously. 

Phenylhydroxy-thio-urea,  Cjllj  .  NH  .  CS  .  NH  .  OH,  melting  at  106^,  is  obtained 
from  hydroxylamine  and  phenyl  mustard  oil.  It  decomposes  very  readily  into  water, 
sulphur,  and  phenylcyanamide  (B.  24,  378). 

Phenylthiosemicarbazide,  C^H^NH  .CS  .NH  .  NH„  melts  with  decomposition  at 
140°.  It  is  formed  from  phenyl  mustard  oil  and  hydrazine  hydrate.  It  is  rearranged  by 
aldehydes  with  the  production  of  hydrazones.  Its  acidyl  derivatives  readily  part  with 
water  and  form  thiol uazolines  (see  these).  The  benzoyl  derivative  manifests  a  peculiar 
behavior  in  that  when  it  is  treated  with  acetyl  chloride  it  parts  with  water  and  a  phenyl- 
imido-phenylthiobiazoline  results;  with  benzoyl  chloride,  however,  a  diphenyl  triasole 
mercaptan  (see  triazoles)  is  produced  (B.  29,  2914) : 

NH-N  .C(C,H5):N 

C-ILN:C<  II  -^— C.H.NH.CS.NH.NH.C0.C,IL-M:.H5N(  I 

S C.C^IIj  HS>C N 

Phenylated  Guanidine  Derivatives  (see  vol.  I,  Guanidines). 

Diphenyl-guanidine,  -^N":  C<j^rj  *  .-,*tt*  (Melaniline),  melting  at  147®,  is  pro- 
duced by  the  action  of  cyanogen  chloride  upon  dry  aniline,  and  by  digesting  cyananilide 
(p.  90)  with  aniline  hydrochloride.  It  is,  like  guanidine,  a  mono-acid  base.  Carbon 
disulphide  transforms  it  into  sulpho-carbanilide  and  sulphocyanic  acid. 

NH    C  H 

a-Triphenyl-guanidine,  C^Hj  .  N  :  C<j^jt  *  (\i^^  melting  at  143**,  is  obtained  on 

heating  diphenyl-urca  or  diphenyl-thiurea,  alone  or  with  reduced  copper,  to  140**.     It  is 
most  readily  prepared  by  digesting  an  alcoholic  solution  of  diphenyl-thiurea  and  aniline, 
with  litharge  or  mercuric  oxide  (or  by  boiling  with  an  iodine  solution).     Heated  with 
CS-,  it  reverts  again  to  diphenyl-thiurea  and  phenyl  mustard  oil. 
/N(C,H,), 
i3-Triphenyl-guanidine,  C=NH  ,  melting  at  131**,  is  obtained  by  heating 

\NH.CeH5 
cyananilide   with    HCl-diphenylamine.      It    decomposes  into    diphenylamine,  phenyl 
mustard  oil,  and  sulphocyanic  acid  when  heated  with  carbon  disulphide. 
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S7m.-Tetnphen3rl.gttanidine,  NH :  ^<^[c'h^)  '  melting  at  130**,  is  produced 
by  the  action  of  CNQ  upon  dipbenylamiDe  at  170® 

PhenyUted  Nitriles  and  Imides  of  Carbonic  Acid  (compare  vol.  i). 

Phenyl  laocyanate,  Carbanile,  CO :  N .  C,Hj,  is  a  mobile  liquid,  boiling  at  163^, 
and  has  a  pongent  odor,  provoking  tears.  It  is  produced  in  the  distillation  of  oxanilide, 
or,  better,  carbanilic  esters  with  VjO^  (B.  35,  2578  Anm. ),  also  from  diazobenzene  salts, 
by  the  action  of  potassium  cyanate  and  copper  (B.  25,  1086).  It  may  be  most  readily 
obtained  by  leading  CXX^l.  into  fused  aniline  hydrochloride  (B.  17,  1284),  or  by  heating 
phenyl  mustard  oil  to  170^  with  HgO  (B.  23,  1536).  Carbanile  is  perfectly  analogous  to 
the  isocyanic  esters  in  chemical  deportment.  It  yields  diphenylurea  with  water.  It 
combines  with  alcohols  and  phenols  to  form  carbanilic  esters ;  this  is  a  reaction  which  may 
be  employed  in  determining  alcoholic  hydroxy  is  (B.  x8,  2428 ;  2606).  It  reacts  similarly 
with  the  SH'group,  as  well  as  with  the  hydroxyl  groups  of  the  aldoximes  and  ketoximes. 
It  does  not  react  with  the  groups  C :  O  and  C :  S  (B.  25,  2578).     With  ammonia  carban- 

ilamide,  CO<JJ5-  ^^\  is  formed. 

Diazo-amido-compounds — e.  ^.,  C^Hj .  N,  .  NHR — react  with  phenylisocyanate.  In 
so  doing  the  hydrogen  of  the  amido-group  is  replaced  ( B.  22,  3109). 

The  preceding  reactions,  occurring  in  the  absence  of  water  (thus  avoiding  electrolytic 
dissociation),  proceed  in  the  normal  way.  Rearrangements  do  not  take  place,  hence 
they  are  well  adapted  for  the  determinalion  of  consliUttion  (Goldschmidt,  B.  23,  2179). 

On  heating  phenylisocyanate  with  benzene  and  AlCl,,  we  get  benzoylanilides  (see  syn- 
theses of  benzoic  acid  and  its  homologues). 

Triphenylisocjranurnte,  (CON)3(CjH5),.  melting  at  275®,  is  produced  (i)  by  the  poly- 
merization of  phenylisocyanate  upon  heating  it  with  potassium  acetate  (B.  18,3225); 
(2)  by  heating  triphenylisomelamine  (p.  90)  with  concentrated  hydrochloric  aciil  to 
I50<>  C.     Its  isomeride  is 

Triphenylcyanurate,  C5N,(0 .  C-Hj),.  This  is  produced  by  the  action  of  cyanogen 
chloride  or  cyanuric  chloride  upon  sodium  phenate.     It  melts  at  224°. 

Isocyanphenyl  QYiloTid^^  Phenyiimiiiocarbonyl  C/i/onWf,  C^Us^N : - 
CC1„  boiling  at,  209°  (corr.),  is  a  colorless  oil  with  a  penetrating  odor. 
It  is  produced  when  chlorine  acts  upon  phenylisocyanide  in  chloroform 
solution,  and  also  from  phenyl  mustard  oil  and  chlorine  (B.  26,  2870). 
Aniline  changes  it  to  a-triphenyl  guanidine  (A.  270,  282). 

Phenyl-sulphocyanate,  C^H^.S.CN,  boiling  at  131**,  is  isomeric  with  phenyl 

mustard  oil,  and  with  i1^M^ifV/-a/rifV/e>  Thiophcnyl,  C^ll^^^^\Cll  (see  amido-thiophe- 

nols).  It  is  formed  (l)  when  hydrosulphocyanic  acid  acts  u})on  diazobenzene  sulphate 
(see  this),  and  (2)  cyanogen  chloride  upon  the  lead  salt  of  thiophenol.  In  its  reactions 
it  is  analogous  to  the  sulphocyanic  esters. 

Phenyl  Mustard  Oil,  Sulpho-carbanile,  Phenyl-isothiocyanic  Ester ^  CS  :  N  .  C^H., 
is  a  colorless  liquid,  with  an  odor  resembling  that  of  mustard  oil,  and  boils  at  222*^. 
It  is  obtained  by  boiling  diphenyl  thio-urea  with  sulphuric  or  concentrated  hydrochloric 
acid,  or,  what  would  be  best,  with  a  concentrated  phosphoric  acid  solution  (B.  15,  986), 
and  by  the  action  of  an  alcoholic  iodine  solution  (with  triphenyl  guanidine),  or  CSCl,, 
u(X)n  aniline.  It  is  converted  into  benzonitrile  when  heated  with  reduced  copper  or  zinc- 
dust. 

On  this  reaction  is  founded  a  procedure  to  replace  the  group  NH,  by  COOH — ^that  is, 
to  convert  the  anilines  successively  into  thio-ureas,  mustard  oils,  nitriles,  and  acids.  (See 
synthetic  methods  of  producing  the  benzoic  acids  and  their  homologues. ) 

If  heated  with  anhydrous  alcohols  to  120^,  or  by  the  action  of  alcoholic  potash,  it  is 
converted  into  phenyl-thio-urethanes  (p.  86). 

It  forms  phenyl-thio-ureas  with  ammonia,  the  amines,  aniline  hydrazine,  and  hydroxyl- 
amine.     Chlorine  converts  it  into  isocyanphenylchloride  (see  aboveV 

Pbenyj  mustard  oil,  under  the  influence  of  aluminium  ch\onde,com>a\i\t^  VvCtk^xwoa.^v:. 
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hydrocarbons,  phenol  ethers,  and  thiophenol  ethers,  to  produce  the  tfaioaailides  of  ctr- 
boxylic  acids  (B.  ay,  1733). 

PhenyUted  Cyanamide  Derivatives  (compare  cyanamide,  vol.  l). 

Phenyl  Cyanamide,  Cyananilide,  CJS^ .  NH  .  CN  +  ^Hfi, melts  at  47^.  When 
allowed  to  stand  in  a  desiccator  it  loses  water,  becomes  liquid,  and  in  moist  air  rererts 
to  the  hydrate.  On  long  standing  or  when  heated  it  polymerizes  to  Tri/Jkrmy/-isamela' 
mifu.  It  is  formed  on  conducting  CNCl  into  a  cooled  ethereal  solution  of  aniline,  and 
by  digesting  phenyl-thiurea  with  litharge,  or  by  heating  it  with  lead  acetate  and  alkali 
(B.  z8,  3220).  It  is  readily  soluble  in  alcohol  and  ether.  It  forms  phenyl-thiurea 
with  FLS. 

Diphenylcyanamide,  (C^ Hj),N .  CN,  melting  at  73^,  b  formed  when  an  anunoDiacal 
silver  solution  (B.  a6,  R.  607)  acts  upon  unsym.-diphenyl  thio-urea  (p.  87). 

Carbodiphenylimide,  C^H^N :  C :  NC^H^,  is  a  thick  liquid,  which  suffers  decom- 
position when  distilled  at  the  ordinary  pressure,  but  unaltered  at  218®  under  30  mm. 
pressure.  Distilled  at  the  ordinary  pressure  it  poljrmerizes  in  part  to  a  modification 
melting  at  161°;  this  has  the  trebled  molecular  formula  (B.  a8,  I004;  compare  B. 
29,  270). 

Carbodiphenylimide  is  produced  by  the  action  of  mercuric  oxide  upon  syuL-diphenyl- 
thiurea  in  benzene  solution,  or  by  the  distillation  of  a-triphenyl-guanidine.  When  it 
absorbs  water  it  yields  sym.-diphenyl  urea.  It  combines  with  H,S  to  sym.-diphenyl 
thiurea,  and  with  aniline  to  a-triphenyl-guanidine.     Compare  also  o-phenylenediamine. 

The  compounds  C.HjN :  CCl .  NH  .  QH,  and  CeH^NH  .  CCl, .  NH .  - 
CeHj  (B.  28,  R.  778)  are  formed  when  hydrochloric  acid  gas  is  con- 
ducted into  the  benzene  solution  of  carbodiphenylimide. 

Triphenylmelamine,  Triphenylcyanurtriamide^  CjNg(NH .  C^Hj),,  melting  at  228®, 
is  produced  in  the  action  of  cyanuric  chloride  on  aniline,  or  by  heating  ethyl  trithiocyan- 
uric  ester  with  aniline  to  250-300°  (B.  18,  3218). 

Hexaphenylmelamine,  C,Nj[N(C,Il5)  Jj,  melts  at  300°,  and  is  formed  by  letting 
cyanuric  chloride  act  upon  diphenylamine. 

Triphenylisomelamine,  C,Ns(C,H5),(NH)„  melts  at  185°.  On  long  standing 
phenylcyanamide  polymerizes  to  this  compound.  Or,  it  is  produced  when  cyanogen 
bromide  acts  on  aniline.  On  warming  with  hydrochloric  acid  it  successively  loses  its 
N 11 -groups,  oxygen  entering,  and  the  sole  product  is  the  triphenyl  ester  of  isocyanuric 
acid  (p.  89)  (B.  18,  3225).  In  addition  to  the  normal  triphenylmelamine  and  triphenyl- 
isomelamine, asymmetrical  triphenylamines  are  known  (B.  x8,  228). 

Anilides  of  Dicarboxylic  Acids. — Oxalic  acid  and  its  homo- 
logues,  as  well  as  the  unsaturated  dicarboxylic  acids,  form  anilic  acids 
and  dianilides,  corresponding  to  the  amino  acids  and  the  diamides. 
Those  dicarboxylic  acids  capable  of  forming  anhydrides  yield  also  anils 
or  phenylimides,  corresponding  to  the  imides. 

The  anilic  acids  are  obtained  (i)  by  partial  decomposition  of  the 
dianilides;  (2)  on  mixing  the  ethereal  or  chloroform  solutions  of  the 
anhydrides  with  aniline  (B.  20,  3214);  (3)  by  the  breaking  down  of  the 
anils.  The  latter  are  reformed  from  the  anilides  by  treatment  with 
PCI5  (B.  21,  957),  or  with  acetyl  chloride.  They  also  appear  on  heating 
the  acids  or  anhydrides  with  aniline.  A  large  number  of  these  deriva- 
tives have  been  mentioned  in  the  first  volume  in  connection  with  their 
respective  acids. 

Phenylamine  Derivatives  of  Oxalic  Acid. — Ozanilic  Acid,  C^Hj .  NH  .  CO  .  • 
CO,H,  melting  at  150**  (see  A.  270,  295,  for  an  isomeric  acid  melting  at  210®),  is  formed 
by  heating  oxalic  acid  and  aniline  to  140°  (B.  23,  1820),  by  the  action  of  alcoholic  pot- 
asb  upon  oxanilide,  and  when  citraconanilic  acid  is  ox\d\ied  with,  ^assium  perman- 
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gmnate  (B.  23,  747).     Its  methyi  ester  melts  at  114^  (A.  354,  10),  the  ethyl  ester  at  66^, 
and  the  chloride  at  %2^  (B.  23,  1823). 

Oxanilide,   (CX^NHC^Hj),,    melu  at  245®.     Tetra-p-tolyloxamide,  [C0N[4]- 
"""  — "  *  -    -  ..       ,  ,,    ..  ...         -.  ,     ^^^     Oxanildioximc, 

,  melts  with  decompo- 
ste?,  CO, .  CH,  .  C(NH  .  C^Hg),  .  - 
OCH,,  and  Dimethyl  Phenylimidooxalic  Ester,  CO,  .  CH, .  C  :  N  .  C^HjCOCH,),  melt- 
ing at  1 11^,  are  obtained  from  dichlor-oxalic  ester  and  aniline  (B.  a8,  60). 

Phenyloxamic-diphenyl-amidine,  C^HjNHCO .  c/j^ .  c  ij  *»  melt- 
ing at  134°,  is  prepared  from  half-ortho-oxalic  ester  and  oxanildichloride 
acid  ethyl  ester  (A.  184,  268). 

o-Nitro-oxanilic  Acid  melts  at  112^.  o-Dinitro-oxanilide  (A. 
209,  369). 

Malonanilic  Acid,  CH,<^q  '^^  '  ^•"»,  melts  at  132®  and  decomposes  into  CO, 

and  acetanilide.     It  is  produced  by  a  peculiar  transposition  of  acetylphenyl  carbaminate 
of  sodium  when  heated  to  140**  (B.  z8, 1359).  PCI5  converts  it  intotrichlorquinoline(B. 

18.2975). 

Malonanilide,  CH,(CONHC,H5),.  melts  at  223<»  (B.  17,  135,  235). 

Succinanilic  Acid  and  Succinanil  (see  vol.  i,  Succinimide). 

For  fumaranilic  acid,  fumaranilic  chloride,  fumardianilide,  malelnanilic  acid, 
maleinanil,  dicblormaleinanil,  dichlonnalelnanil  dichloride,  dimethyl  dichlor- 
maleinanilic  ester,  dichlormaleinimide  anil,  dichlormaleindianil,  citraconanilic 
acid,  citraconanil,  itaconanilic  acid,  consult  the  corresponding  acids  described  in 
vol.  I. 

Anilido-dicarbozylic  Acids. — Compare  phenylasparagine  anilic  acid,  phenyl- 
asparagin  anil;  for /3-anilidopyrotartaric  acid  and  pseudoitaconanilic  acid,  see 
amidosuccinic  acids,  vol.  I. 

Phenylated   Ureldes  of   Dicarboxylic    Acids. — Phenylparabanic    Acid, 
N(C,H.)— CO 
C0<    „  J    >  melting  at  208^,  and  Diphenylparabanic  Acid,  melting  at  204^, 

are  formed,  for  example,  by  the  action  of  ethoxalic  chloride  upon  the  corresponding 
carbamides  (J.  pr.  Ch.  [2]  3a,  20). 

Aniline  Substitution  Products. — It  is  only  the  aniline  deriva- 
tives, among  the  substitution  products  of  the  primary  phenylmines, 
which  deserve  particular  consideration,  for  it  was  with  them  that  jhe 
regularities  of  substitution  obtaining  among  the  aromatic  amido-bodies 
were  observed,  and  they  were  the  intermediate  stages  in  numerous 
instances  where  constitution  was  to  be  determined. 

Aniline  Haloids. — Formation. — (i)  Aniline,  like  phenol,  is  more  readily  substi- 
tuted than  benzene.  When  chlorine  or  bromine  acts  upon  the  aqueous  solutions  of 
aniline  salts,  the  halogen  atoms  enter  the  [2,4,6]  position.  Starting  with  acetanilide 
(p.  82)  chlorine  and  bromine  produce  first  p-  and  o-monosubstitution  products ;  these 
are  immediately  converted  into  o-p-disubstitution  derivatives.  If,  however,  chlorine  or 
bromine  be  allowed  to  act  upon  aniline,  in  the  presence  of  concentrated  sulphuric  or 
hydrochloric  acid,  m-compounds  will  be  produced.  The  fact  that  the  amido-group  com- 
bines with  strong  acids  demonstrates  its  negative  character  (B.  aa,  2903).  The  anilines 
substituted  in  the  meta-position  yield  tetra-  and  penta-substitution  products  ( B.  15, 1328). 

Iodine  can  substitute  the  anilines  directly  ;  the  resulting  hydriodic  acid  combines  with 
the  excess  of  base :  aC^HgNH,  + 1,  =  C,HJ  .  NH,  -f  CeH^NH, .  HI. 

2.  The   nonohalogen  anilines  can  be  readily  obtained  from  lYk^  moxMAvtiXo^^TiTixXx^- 
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beoxenes,  which  in  turn  are  derived  from  the  nitro-mmido-derivmtives. 
effected  through  the  diazo-bodies  (p.  99) — €,  g.  : 


^•"*<nh',  ' 


">^H4<Br^*' 


The  dumgeis 


p-Chloraniline  is  a  stronger  base  than  the  o-  and  m-bodies  (B.  10,  974).  It  has  also 
been  obtained  by  the  electrolytic  reduction  of  nitrobenaene  in  concentrated  hydrochloric 
acid  solution.  It  is  very  prol>able  that  C^H^ .  NHQ  is  formed  at  first,  bat  subsequently 
rearranges  itself  into  p-chloraniline  (p.  65  and  B.  29,  1895). 


FICH.NH,, 
C1C,H.NH„ 
BrCeH^NH,. 

IC,H^NH„  . 


[i.aK  o- 

[i,3Km. 

[mK  p- 

M.  P. 

B.P. 

M.P. 

B.P. 

M.P. 

B.P. 

_ 

_ 

__ 

liquid 

1880 

liquid 
31" 

207° 
229® 

liquid 
18^ 

230« 
2510 

700 
63° 

230° 
decom- 

560 

— 

27° 

— 

63^ 

poses 

{A.  243,  222) 
(A.  176,  27) 
(B.  8.  364) 


-  (G.  17.  487) 


Mention  may  be  made  of  the  following  higher  aniline  substitution  products.  Acetani- 
lide  yields : 

a-riNH,,24]  Dichloraniline,  melting  at  63^  and  boiling  at  245^  (B.  7,  1602). 

a-  iNH.,2,4jDibroinaiiiline,  melting  at  79^  (A.  X2X,  266). 

P-  [i,4,2NH,j-Dichloraniline,  melting  at  54^  and  boiling  at  250^  (A.  196,  215)  and 

/3-[i4,2NH,j-Dibromaniline,  melting  at  51°  (A.  165,  180),  have  been  obtained 
from  the  corresponding  nitro- compounds. 

Aniline,  acted  upon  by  chlorine  and  bromine,  yields : 

[iNH2,2,4,6]-Trichloraniline,  melting  at  77°  and  boiling  at  262**  (J.  pr.  Ch.  [2] 
16,449;  B.  27.3151). 

riNIlj,2,4,6].Tribromaniline,  melting  at  119**  (B.  x6,  635). 

The  nve  benzene  hydrogen  atoms  in  aniline  can  be  substituted  by  chlorine  or 
bromine : 

Pentachloraniline  melts  at  232^.  Pentabromaniline  melts  at  222**.  Halogen 
benzenes  are  produced  by  eliminating  the  amido-group  by  means  of  the  diazo-compounds 
(see  these). 

Nitranilines,  NO^CgH^NH.,  are  isomeric  with  diazobenzene  acid,  C^H^NHNO, 
(p.  99).     Nitric  acid  attacks  aniline  energetically,  and  resinifies  it  with  ease. 

(1)  In  order  to  get  mono-  and  disubstitution  products  acetanilide  is  nitrated  (p.  82). 
The  amido-group  is  protected  by  the  acetyl  group ;  the  immediate  products  are  p-  and  o- 
nitracetanilide.  When  aniline  is  nitrated  in  the  presence  of  concentrated  sulphuric  acid 
and  in  the  cold,  not  only  p-  and  o-bodies  result,  but  also  metanitraniline  (B.  zo,  1716;  17, 

•261).     The  quantity  of  the  latter  is  greater  the  more  sulphuric  acid  there  is  present 

(p.  91). 

The  union  of  the  amid-group  and  the  transposition  into  an  acid  group  occur  simul- 
taneously, giving  rise  to  a  meta-substitution  product  (p.  69). 

The  three  isomerides  are  separated  by  means  of  their  varying  basicity.  When  their 
acid  solution  is  neutralized,  the  m-body  is  first  precipitated,  then  follow  the  p-  and  the 
o-nitranilines  (B.  28,  1954). 

(2)  The  nitranilines  can  be  prepared  by  heating  haloid  nitrobenzenes  to  150-180°  with 
alcoholic  ammonia;  or  by  heating  the  ethers  of  the  nitrophenols — e,g.^  CJtl^{liO^) .  - 
O .  C^Hj,  with  aqueous  ammonia.  In  both  instances  the  para-  and  ortho-compounds, 
and  not  the  meta- ,  react. 

(3)  By  the  partial  reduction  of  polynitro-derivatives  (p.  70). 

(4)  Upon  heating  nitroamido-benzene  sul phonic  acids  with  hydrochloric  acid  to  170* 
(B.  18,  294). 
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(5)  o-  and  p-Nitranilines  are  fonned  in  the  rearrangement  of  diazobenzene  acid 
(P-99): 

[1,2!-,  o-Nitraniline  melts  at    71®;  acet-derivative  melts  at    92^. 
[1,3]-,  m-Nitraniline        "      IX4O;  "  **         1420. 

[1,4]-,   p-NitranUine        **     I47«»;  "  "         207<». 


The  nitro-anilines  link  the  diamido-  and  dinitro-benzenes  to  the  nitro- haloid-,  amido- 
haloid-,  and  dihaloid  benzenes: 

C.I  •«<NH^.H4<S8;-^«^««<NS;-*^"«<Br°'-^  C,H,<1}^'-^  C,H,<»J 

When  ortho-  and  para-nitranilines  (not  meta)  are  boiled  with  alkalies,  they  part  with 
NII3,  and  are  converted  into  their  corresponding  nitrophenols,  CfH^(N02) .  OH  ;  the  di- 
aiid  tri-nitranilines  react  even  more  readily. 

The  nitranilines  approach  in  character  the  acid  amides  as  the  number  of  nitro-groups 
in  them  increases. 

Ammonia  converts  the  corresponding  dinitrophenols  or  polynitrohaloid  benzenes  into : 
a-riNH„2,4l-Dinitraniline,  melting  at  182^. 
/3-[iNH,,2,6]-Dinitraniline,  melting  at  138®. 

[iNH,,2,4,6]-Trinitraniline,  C,H«(NO,),  .  NH,,  Picramide,  is  obtained  from  picric 
acid  through  its  ether,  or  by  means  of  picryl  chloride  (p.  68).  The  latter  reitcts  with 
ammonia,  even  in  the  cold.  It  forms  orange-red  needles,  and  melts  at  186°.  It  forms 
picric  acid  when  heated  with  alkalies : 

C,H,(NO,), .  Nil,  -f  KOH  =  CeH,(NO,)j .  OK  -f  NH,. 

sym.-Trinitroxylidine,  melting  at  206^,  is  obtained  from  trinitrochlorxylene  and 
ammonia  (B.  a8,  2047). 

Nitrodiphenylamines. — Chlor-  and  brom-benzene  do  not  react  with  aniline,  but 
o-bromnitrobenzene  and  polynitrohaloid  benzenes  are  changed  by  it  into  nitrodiphenyl- 
amine  (together  with  an  aniline  halogen  hydride).  It  is  also  possible  to  introduce  an 
acid  radical — e.  g,^  benzoyl — into  the  imido-group,  and  then  nitrate.  Hexanitrodiphenyl- 
amine  is  produced  in  the  direct  nitration  of  diphenylamine. 

o-Nitrodipbenylamine  melts  at  75^  (B.  22,^903). 
p-Nitrodiphenylamine  melts  at  132^  (B.  15,  826). 
p-Dinitrodiphenylamine  melts  at  214^  (B.  15,  826). 

r2,4,6]-Trinitrophenyl-phenylamine,  from  picryl   chloride,  melts  at  175^  (B.  3, 

5).     Trinitroxyl-phenylamine  melts  at  175®  (B.  28,  2047). 

Hexanitro-diphenylamine  is  an  acid,  melting  at  238^.  It  dissolves  with  a  purple- 
red  color,  in  the  alkalies,  forming  salts.  Its  ammonium  salt  occurs  in  commerce  as  a  brick- 
red  powder.  It  was  employed  under  the  name  Aurantia  before  the  introduction  of  the 
azo-dyes,  to  color  wool  and  silk  a  beautiful  orange. 

NITROSO.DBRIVATIVBS   OP   THB   PRIIiARY,   SECONDARY    AND    TBRTIARY 
AROMATIC  AMINES. 

Formation, — (l)  When  the  nitrosamines  of  monomethylaniline  or  diphenylamine 
(p.  97)  are  treated  with  alcoholic  hydrochloric  acid,  they  rearrange  themselves  into 
p-nitroso-compotonds  (B.  19,2991).  (2)  The  p-nitroso-bodies  are  also  produced  when 
nitrous  acid  acts  upon  the  tertiary  dialkylanilines,  or  sodium  nitrite  upon  their  hydro- 
chlorides (Baeyer  and  Caro,  B.  7,  963).  (3)  When  the  nitroso-phenols  are  fused  with 
ammonium  acetate  and  ammonium  chloride,  they  yield  p-nitroso-aniiines  (B.  2X,  729). 

Dfportment.  — When  the  p-nitroso-derivatives  of  the  secondary  and  tertiary  aromatic 
amines  are  heated  with  caustic  soda,  they  break  down  into  sodium  nitrosophenate  andaV- 
kylamines  (i,  163).    Most  chemists  consider  the  nitrosopbeno\s  lo  V>e  \Y\fc  xivoTvotATftRi  oV 
the  paraquinones.    And  in  connection  with  this  mode  o{  fonuuVaXAOii  ol   v\i^  taVcqiw^ 


[2, 
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phenols  many  are  also  disposed  to  view  the  p-nitroso-deriTatives  of  the  secondary  and 
tertiary  aromatic  amines  as  quinone  derivatives : 

^•"*  \  [4]  :  O  ^^*  1  UJ  :  O  ^«*  {  [43  :  n>0 

p-Quinone  p-Quinozime  p-Nitroao-dimetbyl-aniline. 

p-NitrosophenoI 

pNitroso-aniline,  NO[4]C,H4[i]NH„  melting  at  174**,  crystallises  in  steel-Uae 
needles  (B.  ai,  729  ;  28,  R.  735). 

p-Nitrosomethylamine,  NO[4]CLH4[i]NHCH,.  The  free  base  forms  crystals 
with  metallic  lustre  and  melts  at  118''  C.  It  is  soluble  in  dilate  sodium  hydroxide,  and 
is  again  liberated  from  its  solution  by  carbon  dioxide. 

When  heated  with  sodium  hydroxide,  p- nitrosomethyl  aniline  is  decomposed  into 
sodium  nitrosophenate  and  methylaniline. 

p-Nitro8o-mono-ethyl-aniline  melts  at  78^. 

p-Nitroso-dimethyl-aniline,  NO[4]C,ll4[i]N(CH,),,  melting  at  85^,  consists  of 
large,  green  leaflets.  Potassium  permanganate  and  ferrocyanide  of  potassium  oxidize  it 
to  p-nitrodimethylaniline.  Upon  reduction  it  yields  p-amidodimethylaniline,  which  is  so 
important  in  the  dye  manufacture,  podium  hydroxide  resolves  it  into  nitroso-phenol  and 
dimethyl  aniline.  Its  hydrochloride  dissolves  with  difficulty  in  cold  water.  |>^itroso- 
diethyl-aniline  melts  at  84^. 

p-Nitroso-diphenylamine,  melting  at  143**,  consists  of  green  plates,  jand  \f  pro- 
duced when  hydrochloric  acid  gas  acts  upon  diphenylnitrosamine  (B.  ao,  1252;  21, 
R.  227). 

C.  DIAMINES. 

Formation. — The  aromatic  diamines,  whose  amido-groups  are  attache^ 
to  the  benzene  nucleus,  are  formed  (i)  by  the  reduction  of  the  three 
dinitrobenzenes  or  nitroanilines  with  tin  and  hydrochteric  acid  ;  (2)  the 
monamines  can  be  converted  into  the  diamines  by  first  changing  them  to 
amido-azo-compounds,  and  thei\  decomposing  the  latter  by  reduction  : 

C^H^N  =  N[4]CJI,[i]NH,  -f  4H  =  CJI^NH,  -f  NII,[4]C.H,[l]NH,. 

(3)  they  can  be  obtained,  also,  from  the  diamidobenzoic  acids  by  the  loss 
of  carbon  dioxide  when  they  are  treated  with  baryta.  This  reaction  has 
become  of  particular  importance  in  ascertaining  the  constitution  of  the 
three  phenylenedi amines. 

(4)  Diphenylated  diamidobenzenes,  CgH^(NH .  C^H^),,  are  produced  when  dioxy- 
benzenes — e.  ^.,  resorcinol  and  hydroquinone  (see  these) — are  treated  with  aniline  and 
CaCl,  or  ZnCl,. 

Properties, — The  diamines  are  colorless  solids  volatilizing  without  de- 
composition, but  on  exposure  to  the  air  they  become  colored.  They  are 
di-aci(i  bases,  forming  well-defined  salts.  Ferric  chloride  imparts  an  in- 
tense red  color  to  their  solution.  The  amide  hydrogen  atoms  can  be 
replaced  in  the  same  manner  as  in  the  monamines. 

Diamidobenzenes,  or  phenylenediamines,  CfH4(NH,)2.  The  o-body  is  derived 
from  o-nitraniline  by  reduction  with  caustic  soda  and  zinc-dust  (B.  28,  2947).  The 
m -derivative  is  most  easily  accessible  through  mdinitrobenzene  (p.  67),  The  p-com- 
pound  is  obtained  by  the  decomposition  of  amido-azo-benzene  (Z.  f.  Gi.  (1866)  136). 


[.,21-.    O- 

[1.3]-,  m- 
lh4h  P' 


o-Phenylenediamine,  m.  p  102**,  b.  p.  252** 
Phenylenediamine,  m.  p.  63°,  b.  p.  287° 
Pbenylenediamine,  m.  p.  147®»  b.  p.  267®. 
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o  Phenylenediamine  is  colored  red,  in  hydrochloric  acid  solation,by  ferric  chloride, 
with  the  production  of  diamidophenazine  hydrochloride  (B.  27,  2782).  In  the  table, 
see  below,  showing  the  numerous  o- condensations  of  which  the  o-diamines  are  capable, 
it  is  o-phenylenediamine  which  appears  most  frequently  as  the  example.  o-Amido- 
phenylurethane  melts  at  86^. 

m- Phenylenediamine  is  converted  by  nitrous  acid  into  triamido  atobenzene  (see  this), 
or  Bismarck  broitm.  Hence,  it  imparts  an  intense  yellow  color  to  a  dilute  solution  of 
nitrous  acid,  and  can  therefore  be  employed  for  the  quantitative  estimation  of  the  latter 
in  water  (B.  14,  1015).  Consult  B.  7,  1263;  2X,  R.  521 ;  24,  2113,  for  the  action  of 
COCi,,  CS,,  and  oxalic  ester. 

p- Phenylenediamine  is  oxidized  by  the  oxygen  of  the  air  to  dark  garnet-red  crystals 

(  [ONrilC.H,[2,5](NHJ, 
of  Te.r...«.idodiphenyl.p.«opbenyle„e.CJI,{J^j^J^j^;„;^^^jjJ^    "    meU- 

ing  with  decomposition  at  230-231^  f  B.  27, 480).  Manganese  dioxide  and  sulphuric  acid 
convert  it  into  quinone  (see  this),  while  bleaching  lime  changes  it  to  quinonedichloride 
(see  this).  p-Amido-dimetbyl  aniline,  NH,[4]CsH4[i]N(CH,)„  melting  at  41^  and 
boiling  at  257°,  is  prepared  by  the  reduction  of  ]>-nitroso-  or  p-nitrodimethyl  aniline 
(p.  94),  aiid  by  decomposing  helianthine  {^.  138),  or  p-dimethylamido-azobenzene  ^B. 
z6,  2235).  Hydrogen  sulphide  and  ferric  chloride,.in  acid  solution,  impart  a  dark-blue 
coloratioif  to  its  acid  solution:  methylene  6/tde  (see  this).  It  is,  therefore,  a  delicate 
reagent  for  the  detection  of  hydrogen  sulphide.  Pormyl-p-amido-dimethyl  aniline, 
see  B.497,  ^2.  Nitro-p-phenylenediamine,  melting  at  135^,  consists  of  green,  vit- 
reous peedles,and  is  obtained  from  [i,2,4]-dinitraniline  (B.  28,  1707  ;  29,  2284). 

Diamidotoluenes,  Toluylene  Diamines. — The  six  bodies  possible  theoretically 
are  known  : 

1.  [iCH,,  2,3]-Toluylcnc  diamine  melts  at  61°  and  boils  at  255®  (A.  228,  243). 

2.  TlCHg  ,  3,41 -Toluylene  diamine  melts  at  88°  and  boils  at  265°. 

*  3.  [ I CHg,  2,4] -Toluylene  diamine  melts  at  99°  and  boils  at  280°  (com^re  tolu- 
ylene red). 

4.  flCH, ,  2,6]-Toltylene  diamine  melts  at  103®  and  boils  at  (B.  17,  1959). 

5.  riCH, ,  3,5l-Toluylene  diamine  is  a  liquid  and  boils  at  284®  (A.  217,  200). 

6.  [iCH, ,  2, 51 -Toluylene  diamine  melts  at  64® ;  boils  at  273®. 

[1,3^4] -Toluylene  diamine  is  the  most  easily  accessible  o-diamine.  It  is  prepared 
from  p-acel^toluidine : 

<^".{f:]SS'cX)XHr^<VH.{[||^^^H.|[||->C.n 

[1,2^4.] -Toluylene  diamine  is  used  as  the  starting-out  substance  in  the  preparation 
of  toluylene  red  (see  this). 

Xylylene  Diamines. — [i, 3,2,4]  Diamido-mxylene  melts  at  64*^  (B.  17,  2426). 
[i,3,4,6]-Diamidorm-zylene  melts  al  104°.  [  1,2,3, 5] -,o-Diamido-m- xylene  "^^^^ 
at  77**. 

[i,2,3,5,6]-,o-Diamidopseudocumene  melts  at  90°.  [  1,4, 3,5,6] -.p-Diamido- 
pseudocumene  melts  at  78°  (B.  24,  1647).  Diamidomesitylene  melts  at  90°  (A. 
X41,  134;  179,  176),  etc. 

See  p.  116  for  the  di-  and  tetra-alkylized  phenylene  diamines.  Phenylated  phenylene 
'diamines  or  o-  and  ^amidadipkenylatnine  derivatives  are  formed  in  the  so-called  o-  or 
p-semidine  rearrangement  of  suitable  hydrazobenzenes  (p.  117). 


THB  CONDBN8ATIONS  OP  THE  0-DIAMINE8. 

The  o-diamines  possess  the  power  in  a  remarkable  degree  of  forming  condensation 
products.     These  usually  consist  of  ring-systems  containing  five  or  six  atoms,  and  will 
be  discussed  in  connection   with  the  heterocyclic  carbon   derivatives.     The  m-   and 
p  diamines  do  not  possess  this  power.     The  condensation  occurs  in  thai  Vv^dic^^^Yv  ^<(yccv^ 
of  both  amidO'grou;)S  oi  an  o-diaminc  art  replaced  by  pol^vaXenl  aloroivc  \^xow.v&.    ^x^- 
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quently,  when  this  occurs,  the  nitrogen  atoms  occupying  the  o-position  unite  with  one 
another. 

1.  Sulphur  dioxide  and  selenium  dioxide  convert  the  o-diamines  into  piatthioies  (lee 
these)  nxid  piazselenoles  (see  these). 

2.  Nitrous  acid  produces  asimijes  (see  these). 

3.  'llie  cyclic  amidines  are  directly  produced  from  the  o-diamineson  heating  them  with 
acids,  their  chlorides  and  anhydrides,  as  well  as  with  aldehydes:  anhydrobases  %xaldeky- 
dines  (I.adenlnirg).  These  are  substances  nearly  related  to  the  glyoxcUinei  (i,  322^  or 
imidazoles^  and  will  be  treated  later  in  connection  with  these.  Such  condensations 
have  been  observed  also  in  the  reduction  of  acidylated  o-nitro-amido-compounds  (Hob- 
rccker). 

4.  Cyclic  ureas  and  thiurea  derivatives  are  formed  from  COCl,  and  SCCl,  or  CS,,  also 
by  condensation  with  urea  and  thiurea,  as  well  as  with  ammonium  sulphocyanide  (p.  97). 

5.  Cyclic  guanidine  derivatives  are  obtained  by  means  of  carlxxliimides  (p.  90)  and 
phenyl  mustard  oils  (p.  89). 

6.  A  very  interesting  condensation  of  the  o  diamines  is  that  with  glyoxal  and  other 
a-dicarl)onyl  derivatives,  as  well  as  with  grape-sugar,  when  quinoxaHnes  result,  with  the 
exit  of  water  (Hinsberg)  (I,  321). 

Related  six-membered  rings  are  produced  (7)  when  o-diamines  condense  with  cyan- 
ogen. (8)  By  condensation  with  o-dioxybenzene.  (9)  uiisyai.-Diamidophenatine  is 
produced  by  the  oxidation  of  o-phenylenediamine.  (10)  Dibenzene  sul phone-deriva- 
tives of  o-phenylenediamine  condense  with  alkylen  dihaloids — e.  g.^  methylene  iodide, 
ethylene  bromide,  trimethylene  bromide.  The  products  are  cyclic  diamines,  from  which 
the  corresponding /^^v/rM<r  alkylen  diamines  are  obtained  by  the  splitting  off  of  the  ben- 
zene sulphone  groups  (B.  aS,  K.  756). 


(«) 


(2) 


(3) 

o-Phenylene-     (4) 
diamine 

(*■>) 
(9) 


so. 


NO,.H 
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■i^^'nHi'^  ^N     Azimidobenzene 

**    M[2]N    ^ 
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*     *l[2]N[2^]J      •     '^  '^* 


^rri  i-i     azolon, 
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unsym.  -Diamido- 
phenazine. 


The  Q-amidophenoh  and  the  oamidothiophenoh  show  condensations  similar  to  those 
ol)served  with  the  o-diainines. 


DIFFERENCES  BETWEEN  THE  o-,  m-,  AND  p-DIAMINE8. 

I.  The  para-diamines  are  capable  of  yielding  various  dyestuffs.  Mixed  with  primary 
amines  (or  phenols)  and  oxidized  at  the  ordinary  temperature,  they  are  converted  into 
indoamine  and  ituiophetwl  (iyestuffs  ;  at  higher  temperatures  the  so-called  safranines 
are  produced.  When  oxidized  with  ferric  chloride  in  the  presence  of  H,S,  the  para- 
diamines,  containing  a  free  NH,-group,  yield  sulphurized  dyes  of  thio-diphenylamine 
(Lauth's  Dyestufl's).  Manganese  dioxide  and  sulphuric  acid  oxidize  the  p-diamines  to 
quinones,  recognizable  by  their  odor.  Ferric  chloride  (B.  17,  K.  431)  imparts  color  to 
the  diamioes.     See  above,  o -phenyl end iamine. 
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2.  The  ortho-diamines,  when  acted  upon  by  nitrous  acid,  yield  aztmit/o-compounds, 
e,  g.f  Azimidobenzene.  The  xneta-diamines,  on  the  contrary,  yield  yellow-brown  azo- 
dyes,  of  the  type  of  phenylene  brown.  Test  for  nitrous  acid,  B.  ii,  624, 627.  In  very 
acid  solution,  and  when  there  is  a  constant  excess  of  acid  (nitrous),  the  meta-diamines 
form  bisdiazo-derivatives.  Nitrous  acid  (or  NaNO,)  conrerts  the  para-diamines  (their 
salts)  into  bisdiazo-compounds. 

3.  When  the  hydrochlorides  of  the  three  isomerides  are  digested  with  ammonium 

sulphocyanide,  disulphocyanides,  like  C,H4<j^j^**  Hg^j^*  ""c  produced.  On  heat- 
ing these  to  120^  we  discover  that  the  orthodiamines  are  changed  to  cyclic  sulphureas^ 
CgH4<I^TT>CS.     These  are  not  altered  by  digestion  with  an  alkaline  lead-solution  (not 

desulphurized) ;  while  the  derivatives,  obtained  from  the  meta-  and  /ar^-diamines,  are 
immediately  blackened  by  the  alkaline  lead-solution  (Reaction  of  Lellmann,  B.  z8, 
R.  32Q. 

4.  The  diamines  unite  in  a  similar  manner  with  the  mustard  oils.  If  these  products  be 
fused,  those  from  the  or/ho  diamines  decompose  into  cyclic  phenylenesulpburea  and  dial- 
kylsulphureas ;  the  fused  mass  instantly  becomes  crystalline.  The  m^/a -diamine  deriva- 
tives melt  without  decomposition,  while  those  of  the  para-,  after  fusion,  are  completely 
broken  up  (B.  z8,  R.  327,  and  19,  808). 

5.  The  o-diamines  show  a  series  of  other  condensation  reactions,  which  have  been 
tabulated  above,  and  as  the  m-  and  p-diamines  behave  differently  in  these  transpositions, 
they  will  answer  for  the  distinction  of  the  o-derivatives  from  the  other  two  classes.  The 
behavior  toward  phenanthraquincne  is  used  for  the  detection  of  the  o-diamines.  A  more 
delicate  test  is  that  with  croconic  acid  (B.  19,  2727).  Both  tests  are  based  upon  the  for- 
mation of  quinoxaline  derivatives. 

Triamines. — The  three  triamidobenzenes  possible  theoretically  are  known,  although 
the  symmetrical  body  only  in  the  form  of  its  salts. 

The  adjacent  (l»2,3)  is  obtained  from  triamidobenzoic  acid  (from  chrysanisic  acid). 
When  pure  it  melts  at  103**  and  boils  at  330**  (A.  163,  23).  The  unsymmetrical  (1,2 au 
melting  at  132^  and  boiling  at  340^,  is  obtained  by  the  decomposition  of  chrysoTdine  (B. 
10,  659;  15,  2196),  or  diamidoazobenzene  (p.  116),  and  from  compounding  nitroamido- 
derivatives  (B.  19,  1253).  When  oxidized  by  air  it  changes  to  a  eurhodine  dyestuff  (B. 
22,856).  [iCYi^y2,^,^'\-Triamidotoiuene{B,  14,2657).  a-Diamidodimethyl  Ani- 
line boils  at  178°  (22  mm.);  see  B.  29,  1053. 

Tetramines. — v-,[i, 2,3,4] -Tetra-amidobenzene  is  obtained  by  the  reduction  of 
diquinoyl  tetroxime  (B.  22,  1649).  The  symmetrical  (i ,2,/^,$)  variety  is  formed  by  the 
reduction  of  dinitro-m-phenylenediamine.  It  exhibits  all  the  reactions  o^  the  ortho-  and 
para-diamines  (B.  22,  440). 

Pentamines. — Penta-amidobenzene,  from  trinitro-m-phenylenediamine,  is  very 
unstable  on  exposure  to  the  air. 

Penta-amidotoluene,  CH, .  Cf(NH,)j,  is  formed  from  trinitro-s-toluylene  diamine 
(B.  26,  2304). 

As  the  number  of  amido-groups  increases  the  polyamines  become  more  unstable. 


6.  PHENYL-NITROSAMINES. 

Nitroso-compounds  are  obtained  when  potassium  nitrite  acts  upon  the  hydrochlorides 
of  secondary  aromatic  bases.  This  procedure  is  similar  to  that  employed  with  the 
aliphatic  nitrosamines.  It  is  a  reaction  which  can  be  used  to  distinguish  and  separate 
secondary  from  primary  and  tertiary  bases,  as  the  nitrosamines  are  precipitated  as  oils 
from  the  add  solution  of  a  mixture  of  bases.  The  phenyl-nitrosamines  in  alcoholic  or 
ethereal  solution,  when  treated  with  hydrochloric  acid  gas,  pass  into  p-nitroso-anilines 
(P-  94) : 

C.HjN<^^» >-  N0[4]C.H,[i]NHCH, 

Methylpheoyl-nitrosamine  p-NitTosomonomelVi^\  KnWVoA, 
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They  change  into  hydncines  upon  redaction,  or  break  down  into  ammonia  and  the 
original  secondary  bases.  They  are  volatile  with  steam  (B.  zo,  329 ;  aa,  1006  ;  A.  190^ 
151)  and  decompose  upon  distillation. 

The  nitrosamines  are  not  only  intimately  related  to  the  secondary  amines  and  faydn- 
zines,  but  also  to  the  diazo-compounds.  Diazobenzene  potassium  may  be  readily  rear- 
ranged into  isodiazobenzene  potassium,  which  yields  phenylmethyl-nitrosamine  Irith  methyl 
iodide.  unsym.-Phenylmethyl-hydrazine  re^ts  from  the  reduction  of  phenylmethyl- 
nitrosamine.  Potassium  diazobenzolate  is  formed  by  the  oxidation  of  isodiasobenzene 
potassium.  The  latter  and  methyl  iodide  combine  to  methyl  a-diazobenzolate,  the 
phenylmethylnitramine,  which  can  be  reduced  to  phenylmethyl-nitrosamine  and  unsym.- 
phenylmethyl-hydrazine.     These  relations  are  indicated  in  the  following  diagram : 


"     ■  i  I' 


Diazobenzene         I  f  Methylphenyl-       ansym.-Methylphenyl- 

Potassium  1  |     nitrosamine  hydrazue 


c;h,(n,o,)k >^c;h,n<no. 

Potassium  Methylphenyl- 

Diazobenzolate  nitroamine. 

Phenylmethyl-nitrosamine,  C;H|N(CH,)N0,  melts  at  I2-I5<»  (B.  ay,  365  Anm.). 
The  methyl  group  is  replaced  by  potassium  when  the  substance  is  fused  with  caustic 
potash ;  potassium  isodiazobenzene  results. 

Phenylethyl-nitrosamine,  C.H(N(C,Hg)NO,  is  a  yellow  oil  with  an  odor  like 
that  of  bitter  almond  oil  (B.  7,  218). 

Dipbenyl-nitrosamine,  (C^H.)2NNO,  melting  at  66^,  consists  of  pale  yellow 
plates.     It  dissolves  in  concentratea  sulphuric  acid  with  a  dark-blue  color. 

Nitrosoanilides. — Nitrosoformanilide,  C^H5N(NO)CHO,  melting  at  39®,  is  pro- 
duced when  nitrous  acid  acts  upon  formanilide  dissolved  in  glacial  acetic  acid.  Nitroso- 
acetanilide,  melting  at  40^,  recalls  in  its  deportment  tiie  diazo-compounds.  It  is 
saponified  by  alkali  to  potassium  diazobenzene.  It  yields  diphenyl,  with  liberation  of 
nitrogen,  when  it  is  treated  with  benzene.  Potassium  sulphite  changes  it  to  benzene 
diazosulphonic  acid  and  phenylhydrazine  disulphonic  acid  (p.  103)  (B.  30,  366). 

7.  PHENYLNITRAMINES. 

Diazobenaene  Acid,  NUranilide,  C^HjNH.  NO,,  or  C^HjN:  N  .OOH,  colorless 
crystals  melting  at  46°,  is  formed : 

(i)  On  oxidizing  diazo-  and  isodiazo-benzene  potassium  with'  potassium  ferricy- 
anide  (B.  ay,  2602),  or  with  potassium  permanganate  (B.  a8,  R.  82);  (2)  by  the 
nitration  of  aniline  with  nitrogen  pentoxide  (B.  ay,  584 ;  compare  a9,  1015) ;  (3)  by 
decomposing  diazobenzene  perbromide  with  alkalies  (B.  aS,  R.  31),  together  with 
nitrosobenzene  (B.  ay,  1273);  (4)  from  nitryl  chloride  ani  aniline  (B.  ay,  668); 
(5 )  from  aniline  nitrate  and  acetic  anhydride  through  the  loss  of  water,  just  as  in  the  case 
of  acetanilide  and  aniline  acetate.  A  series  of  other  diazobenzene  acids  has  been  pre- 
pared by  methods  (2)  and  (5). 

Properties  and  Behamor. — Diazobenzene  acid  is  rearranged  by  light,  by  heat,  and  by 
contact  with  mineral  acids  into  a  mixture  of  o-  and  p-nitraniline  (p.  93),  with  which  it 
is  isomeric.  Sodium  amalgam  reduces  it  to  isodiazobenzene  sodium,  and  the  latter 
with  ease  to  phenylhydrazine  (B.  ay,  Il8l).  Zinc  and  acetic  acid  convert  it  into  diazo- 
benzene. It  forms  salts.  The  potassium  salt,  C^HjN,0,K,  and  sodium  salt^  consist  of 
white,  glistening  leaflets.     Methyl  iodide  converts  the  sodium  salt  into  the  a-methyl 

ester,     Pbenylmethylnitramine,     C,H5N<^q»,  melting  at    39**.     The    latter  is 

changed  by  sulphuric  acid  to  o-  and  p-nitromethyl  aniline.  It  is  converted  into  methyl 
aniline  when  heated  with  caustic  potash.  It  can  be  reduced  to  methylphenyl-nitros- 
amine,  unsym.-methylphenyl -hydrazine  and  monomethyl  aniline.  Methyl  iodide  con- 
verts the  silver  salt  into  fidiasobenzene  methyl  ester ,  C^H^N ;  N0 1  0 » CH|,  a  yellow- 
brown  oil  with  an  odor  like  heliotrope  (B.  ay,  359). 
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Homologous  Diasobensene  Acids.— o-Diazotoluene  Acid  is  a  colorless  oil. 
p-Diazotoluene  Acid  melts  at  52^.  Diazopseudocumene  Acid  melts  at  87°.  o-,  m-, 
and  p-Nitrodiasobenxene  Acids  melt  at  65^,  86^,  and  111°  (6.  a8,  399).  Dinitro- 
p-tolylmethylnitramine,  (NO,),C,H,(CH,) .  N(CH,)NO„  melting  at  1380,  has 
been  prepared  by  the  action  of  nitnc  acid  upon  dimethyl-p-toluidine  (B.  29,  1015). 

8.  DIAZO-COMPOUNDS. 

The  aromatic  diazo-derivatives,  because  of  their  ready  conversion  into 
the  most  varied  substitution  products  of  the  aromatic  hydrocarbons,  and 
as  intermediate  steps  in  the  formation  of  azo-dyes,  are  equally  important 
both  from  a  scientific  and  technical  standpoint. 

The  behavior  of  the  primary  aliphatic  amines  toward  nitrous  acid  was 
particularly  emphasized  in  connection  with  them.  As  is  known,  the 
amido-group  can,  by  this  means,  be  replaced  by  hydroxyl ;  it  is  a  change 
corresponding  to  that  of  ammonia  itself  by  nitrous  acid  into  nitrogen  and 
water  * 

NH,  +  NOOH  =  H,0  -f  N,  +  H,0 
CjHjNH,  -f  NOOH  =  CjHftOH  -f  N,  -f  H,0. 

Among  the  nitrogen-containing  derivatives  of  the  aldehy do-acids  we 
observed  a  body,  in  the  reaction -product,  resulting  from  nitrous  acid 
and  glycocoll  ester,  in  which  the  group  —  N  =  N  —  had  joined  itself  to 
carbon.  This  substance  has  been  termed  diazoaceiic  ester ^  produced 
according  to  the  equation : 

CO,C,Hft .  CH, .  NH,  +  NOOH  =  CO,C,Hj .  CH(N,)  -f  2H,0. 

The  moderated  action  of  nitrous  acid  upon  the  salts  of  aromatic  pri- 
mary amines  is  analogous  to  its  action  upon  aliphatic  a-amido-acid  esters. 
It  was,  however,  observed  long  before  the  latter.  When  nitrous  acid  acts 
upon  the  aqueous  solution  of  salts  of  primary  aromatic  amines  without 
taking  care  to  cool  the  mixture,  there  follows,  as  in  the  case  of  the  ali- 
phatic amines,  a  replacement  of  the  amido-group  by  hydroxyl  : 

C,HjNH,Ha  +  NOOH  =  C^H^OH  -f  N,  -|-  H,0  -f  HQ. 

Upon  cooling  the  solution,  however,  the  three  hydrogen  atoms  will  be 
replaced  by  a  nitrogen  atom,  thus : 

qHjNHja  +  NOOH  =  C-HftNCl  =  N  -f  2H,0 

Dtazobenzene  Chloride 
C;HjNH,ONO,    +NQOH  =  q,H5N(O.NO,)  =  N    +2H,0 

Diazobenzeoe  Nilrate 
C^H^NHjOSOjH  +  NOOH  =  C,H5N(0 .  SO,H)  =  N  +  2H,0 

Dtazobenzene  Sulphate. 

These  aromatic  diazo-bodies  differ  from  the  aliphatic  in  that  the 
bivalent  group  N,  is  linked  not  with  both^  but  only  with  one  affinity  to 
the  carbon  atom.  The  second  affinity  is  joined  to  another  univalent 
radical.  Bodies  of  this  class,  when  boiled  with  water,  yield  oxy-com- 
pounds : 

CX),C,Hj.  CHN,  +  H,0  =  COjCjHj  .  CH,OH  +  N, 

c;H,N,a  +  H,o  =  c;HjOH  +  hq  -v  ^v 
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Formation  of  Diazobenzenes.^ia)  Gaseous  nitrous  acid,  made 
by  digesting  arsenious  acid  with  nitric  acid,  is  conducted  into  a  paste  of 
the  salt  to  be  diazotized.  The  mixture  is  cooled  all  the  while  with  ice. 
The  solution  of  the  diazo-compound  is  precipitated  by  a  mixture  of 
alcohol  and  ether,  (i^)  Add  acid  to  the  cooled  solution  of  the  salt  to  be 
diazotized  sufficient  (B.  8,  1073;  25,  1974  Anm. ;  ag,  R.  1158)  to 
liberate  the  nitrous  acid  from  sodium  or  potassium  nitrite,  the  well- 
cooled  solution  of  which  is  gradually  introduced  into  the  acidified 
liquid : 

c:;HjNH,  .  nci  +  hq  -f  no,k  =  c.H,N,a  +  2H,o  -f  kcl 

(2)  As  the  diazobenzene  salts  are  more  freely  soluble  in  water  than  in 
alcohol,  in  order  to  obtain  solid  diazo-salts  the  diazotizing,  where  prac- 
ticable, should  be  made  with  alkyl  nitrites  (i,  144)  dissolved  in  alcohol 
(15  parts  of  aniline,  150  parts  of  absolute  alcohol,  20  parts  of  sulphuric 
acid,  and  20  parts  of  arnyl  nitrite;  B.  23,  2994;  28,  2048). 

Sometimes  a  peculiar  migration  of  the  diazo-groups  takes  place  on  mixing  the  solution 
of  an  aniline  salt  with  a  diazo-salt  solution.  Thus,  toluene  diaaochlorides  and  nitrani- 
lines  (B.  29,  287)  arise  from  nitrodiajEobenzene  chlorides  and  toluidines: 

NO,C,H,N,a  -f  C,H,(CH,)NH,  =  NO,  .  C^H, .  NH,  +  C^H^(CH,)N,a. 

(3)  Another  procedure,  occasionally  applicable  in  diaxotizing,  consists  in  letting  zinc- 
dust  and  hydrochloric  acid  act  upon  the  nitrate  of  the  diazo-deriTative  (B.  16,  3080) : 

Cellj  .  Nil, .  NO,H  -h  Zn  -f-  3HCI  =  C^H,  .  N,a  +  ZnO,  +  3H,0. 

(4)  By  the  action  of  hydroxylamine  upon  the  nitrosobenzenes : 

CJIjNO  -f  H,NOH  =  C:;HftN :  NOH  +  H,0. 

(5)  Diazobenzene  nitrate  is  precipitated  upon  conducting  nitric  oxide  into  a  chlorofonn 
solution  of  nitrosobenzene  (B.  30,  512) : 

CjHjNO  -f-  2NO  =  C,HjN,NO,. 

(6)  By  the  saponification  of  nitrosoacetanilide  with  caustic  alkali  (p.  98). 

(7)  By  the  action  of  mercuric  oxide  upon  the  phenylh3rdrazines  (p.  120). 

(8)  By  allowing  thionyl  chloride,  acetyl  chloride,  and  other  acid  chlorides  to  act  upon 
thionyl  phcnylhyilrazone.  The  latter  reacts  in  the  form  of  diazobenzene-snlphoxyl, 
C^HftN  =  NS(OH)  (B.  270,  116) : 

CjlIjN  ^  NSOH  +  CHjCOCl  =  C,HjN,a  -f  S  +  CH, .  CX),H. 

Properties. — The  acid  salts  of  the  diazo-compounds  are  mostly  crys- 
talline, colorless  bodies,  which  speedily  brown  on  exposure  to  the  air. 
They  are  readily  soluble  in  water,  slightly  in  alcohol,  and  are  precipitated 
from  the  latter  solution  by  ether.  Consult  B.  28,  1734,  2020,  for  their 
electric  conductivity  and  cryoscopic  behavior.  They  are  generally  very 
unstable  (B.  24,  324)  and  decompose  with  a  violent  explosion  when  they 
are  heated  or  stnick  a  blow. 

The  diazo-derivatives  are  very  reactive,  and  enter  numerous,  readily 
occurring  reactions,  in  which  nitrogen  is  liberated,  and  the  diazo-group 
in  the  benzene  nucleus  directly  replaced  by  halogens,  hydrogen,  hydroxyl, 
and  other  groups. 
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History  and  ConstUuiwH. — The  diazo-compounds  were  discoTered  at  the  close  of 
the  '508  by  Peter  Griess  (A.  137,  39),  who  regarded  their  salts  as  additions  of 
C^H^N.  and  acids,  /.  g.^  HQ.  Kekal6  demonstrated  that  the  azo-group  only  replaced 
one  hydrogen  of  benzene,  and  held  on  the  opposite  side  the  radicid  of  the  acid,  e.  g. , 
CjHj  — N=  N.a  (Z.  f.  Ch.  N.  F.  (1866)  2,308;  Chemie  der  Benzolderivate  i, 
223).  Blomstrand,  A.  Strecker,  and  £.  Erlenmeyer,  Sr. ,  however,  viewed  the  diazo- 
salts  as  ammonium  salts,  /.  ^.,  C9H^N(C1)  =  N. 

Proof  of  the  fact  that  the  azo-group  N,  replaces  one  benzene  hydrogen  atom  is  sup- 
posed to  be  found  in  the  existence  of  such  bodies  as  tetrabrombenzene-sulphanil-diazide, 

CjBr4<gA  >(B.  10,  1537).     The  relations  of  the  diazobmzene  salts  to  the  hydrazines^ 

(E.  Fischer,  A.  190,  loo),  and  to  the  mixed  azo-compounds  argued  in  favor  of  Kekul^'s 
representation. 

In  recent  years  Blomstrand's  formula  has  been  accepted  for  the  acid  salts  of  the  diazo- 
bodies  (B.  29,  R.  93,  783).  Comparative  studies  of  the  cryoscopic  behavior  and  the 
electric  conductivity  of  diazo-salt  solutions  on  the  one  side,  and  ammonium  and  alkali 
salts  on  the  other  (B.  a8,  1734,  2020),  have  contributed  to  this  assumption.  The 
diazo-salts  are  compared  to  the  quaternary  ammonium  salts : 

^.H^NiN  C,HjN  :  (CH,)„ 

cii  6 

and  therefore  are  termed  diazonium  salts.  From  a  chemical  standpoint  this  view  would 
indicate,  among  other  things,  the  power  of  the  diazonium  haloids  to  form  additive  com- 
pounds with  the  halogens  Tp.  I02J — a  property  which  they  would  hold  in  common  with 
quaternary  ammonium  haiides  (l,  108),  as  well  as  with  certain  alkali  metals — ^.^., 
caesium,  rubidium.  This  formula  also  permits  of  the  easy  conversion  of  the  aniline  salts 
by  means  of  nitrous  acid  into  diazo-salts,  without  being  compelled  to  assume,  as  is  neces- 
sary in  the  Kekul6  formula,  the  migration  of  the  acid  residue  from  the  aniline  nitrogen 
to  the  nitrogen  atom  which  has  but  recently  entered : 

CI  CI 

The  hydrates  corresponding  to  the  diazonium  salts  are  very  unstable ;  they,  how- 
ever, yield  metallic  salts,  C^H^N^OMe,  which  can  be  handled.  The  diazoalkali  salts  are 
partially  rearranged  at  the  ordinary  temperature,  and  partly  on  heating  (B.  29,  455) 
into  isodioMo-salts,  The  latter  differ  from  the  former  in  that  they  do  not  combine,  or  at 
least  with  difficulty,  with  aromatic  amines  or  phenols  to  form  dyes  fSchraul>e  and 
Schmidt,  B.  27,  514).  Inasmuch  as  these  isodiazoalkali  salts  yield  phenylmethyl-nitros- 
amines  with  methyl  iodide  (p.  98),  while  the  normal  diazo-salts  form  normal  diazo- 
methyl  esters  with  methyl  alcohol,  the  nitrosamine  formula—^,  g.,  C^H^NK  .  NO — was 
ascribed  to  the  former.  Thu  view  has  not  held  true  (B.  27, 1707),  because,  in  acidylating, 
for  example,  with  acid  chlorides  or  anhydrides  and  sodium  hydroxide,  it  is  exactly  the 
normal  salts  which  afford  nitroso-acid  anilides,  while  the  iso-salts  are  but  slightly  attacked 
by  these  reagents,  and  are  in  part  reconverted  into  the  normal  salts  (B.  30,  211).  Bam- 
berger viewed  the  normal  diazo-bodies  as  derivatives  of  the  real  diazonium  hydroxide, 
C;H5N(0H)  :  N  and  left  the  Kekul6  formula,  C^HjN :  NOH,  for  the  iso-derivatives,  as 
they  were  directly  produced  from  nitrosobenzenes  and  hydroxylamine  (p.  loo).  In  the 
opinion  of  HantsMHi  the  isomerism  of  the  diazobenzene  alkali  salts,  in  case  of  structural 
identity,  b  influenced  by  stereoisomerism  (see  benzaldoximes),  corresponding  to  the 
following  representations : 

q^H^N  C^H^N 

KON  N . OK 

Ssm-diazobenzene        Anti-diazobenzene 
Potassium  Potassium. 

This  last  view  allows  of  three  clsLSses  of  diazo-compounds  *.  dxaoociVrai  ^\&^  vfci-  vcA 
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anti-diazo-compounds.    The  second  and  third  are  formed  from  and  bj  a  rearrangement 
of  the  first. 

Isomeric  series  of  dias>benzene  sulphonic  acids  and  diazocyanides  have  also  been  dis- 
coTered.  _ 

1.  Diasonium  Salts. — Diaxobenxene  Chloride,  CLILNCl  =  N,  colorless  needles 
(B.  23,  2996 ;  28,  2053).  The  platifuim  salt,  \Cjk^jA\Jh!C\^  consists  of  yellow 
prisms.  The  gold  soli,  (^HjNjQ .  AuCl,  (A.  137,  52).  Mercury  saU^  C^H^N-Q .  HgCl^ 
consists  of  white  needles,  decomposing  at  122^.  Diazobenune  Bromide^  ^i^^s*  ^2^> 
separates  in  white  laminse,  if  bromine  be  added  to  the  ethereal  solution  of  diazo-amido- 
benzene.  Tribrom-aniline  remains  in  solution.  DiazobenMem  Bromide  Cuprous  Bro- 
mide^ C^H^N^Br.  CujBr,,  consisting  of  reddish-yellow  needles,  is  decomposed  by  water 
into  cuprous  bromide,  nitrogen,  and  brombenzene  (p.  105)  (B.  28,  1741). 

Diazoperhalides. — The  diazonium  halides  readily  add  two  halogen  atoms.  The  tri- 
chloride of  the  ten  combinations  possible  with  the  halogens,  chlorine,  bromine,  and 
iodine,  is  the  only  one  that  has  not  been  prepared.  It  may  be  remarked  that  the  com- 
pound CfHjN,BrICl  can  be  both  prepared  as  well  from  the  chloride  and  Br  I  as  from 
the  bromide  and  CI  I  (B.  28,  2754). 

Diatobenzene  Perbromidey  CJA^ .  N,Br,,  is  precipitated  from  the  aqueous  solution  of 
diazobenzene  nitrate  or  sulphate,  by  bromine  in  H  Br-acid  or  NaBr.  It  is  a  dark-brown 
oil,  which  quickly  becomes  crystalline.  It  is  insoluble  in  water  and  ether,  and  crystal- 
lizes from  cold  alcohol  in  yellow  laminae.  Continued  washing  with  ether  converts  it 
into  diazobenzene  bromide.  It  is  changed  by  aqueous  ammonia  to  diazobenzene  imide 
(p.  III).  Alkalies  decompose  it  into  nitrosobenzene  and  potassium  diazobenzene 
(p.  98).     Boiling  alcohol  converts  it  into  brombenzene  (p.  105). 

Dia%oben%ene  Nitrate ^  C^II^N^O .  NO,,  consists  of  long,  colorless  needles  which  ex- 
plode with  greater  violence  than  fulminating  mercury  or  nitrogen  iodide  when  they  are 
gently  heated,  struck,  or  subjected  to  pressure. 

Diazobenzene  Sulphate^  C^Hj.  N, .  SO4H,  consists  of  colorless  needles  or  prisms, 
which  dissolve  readily  in  water.  It  explodes  at  100°.  It  is  prepared  either  by  diazo- 
tizing  aniline  sulphate  or  by  allowing  sulphuric  add  to  act  upon  diazobenzene  nitrate 
(B.  28,  2049). 

Oxalate  (B.  28,  2059). 

Carbonate,  Nitrite,  Acetate  (B.  28,  1741). 

Diazobenzene  Sulphocyanide,  C^II^N,.  SCN,  b  a  yellow,  very  explosive  mass, 
obtained  from  diazobenzene  chloride  and  potassium  sulphocyanide.  ^-Chlordiazobenzene 
Sttlphocyanide,  CI[4]CH4N, .  SCN,  rearranges  itself  with  ease  into  p-sulphocyan-diazo- 
benzene  chloride,  CNS[4jCgH^NjCl  (B.  29,  947). 

Y>-Pbenylencbisdiazo-chloride,  CjH^(N,Cl),,  consists  of  yellow-colored,  very  explosive 
needles  (B.  30,92). 

2.  Normal  Diazohydrates  are  not  known  in  a  free  state.  In  attempting  to  separate 
them  by  acids  from  their  potassium  salts,  yellow-colored,  exceedingly  explosive  and  un- 
stable precipitates  are  obtained  under  certain  conditions.  These  appear  not  to  be  hy- 
drates, but  anhydrides — e.g.,  diazobenzene  anhydride,  [C^H^N,],©;  ^chlordiazoben- 
zene  anhydride,  [CIC-H^N,]  jO.  These  bodies  redissolve  in  acids  to  diazonium  salts,  in 
alkalies  to  diazometallic  salts,  in  ammonia  to  bisdiazoamido-bodies,  and  in  anilines  to 
diazoamido-compounds  (B.  29,  451). 

Normal  Diazobenzene  Potassium,  CgHjNjOK,  is  produced  on  introducing  a  saturated 
aqueous  solution  of  diazobenzene  chloride  into  excessive  and  highly  concentrated  caus- 
tic potash  (B.  29,  461).  It  forms  white,  pearly  leaflets  which  can  be  quantitatively  re- 
converted into  diazobenzene  chloride.  It  yields  diazo-esters  in  the  cold  with  alcohols 
(B.  29,  488) :  see  B.  30,  339  for  the  reduction  of  potassium  diazobenzene  to  phenylhy- 
drazine.  When  alkaline  diazobenzene  solutions  are  oxidized  with  potassium  ferricyanide 
or  potassium  permanganate  the  principal  product  is  diazobenzene  acid  (p.  98),  together 
with  a  little  nitrosobenzene  (p.  66),  nitrobenzene  (p.  70),  azobenzene  (p.  112),  and 
diphenyl.  Benzoyl  chloride  and  sodium  hydroxide  change  normal  potassium  diazoben- 
zene into  nitrosobenzanilide,  C,H5N(NO) .  CO .  C^Hj  (B.  30,  214).  Salts  of  the  heavy 
metals  with  diazobenzene  are  obtained  by  the  precipitation  of  solutions  of  potassium 
diazol)enzene  with  metallic  salts  (B.  23,  3035  ;  28,  226). 

Diatobenzene  Methyl  Ether,  CjHjN,  .OCII,,  isomeric  with  methylphenyl-nitrosamine 


DIAZOBENZENB  SULPHONIC  AaD.  I03 

(P*  9^)>  i>  obtained  from  normal  or  iso-diazobenzene  siWer  and  methyl  iodide,  as  well 
as  from  diazobenzene  potassium  and  methyl  alcohol.  It  is  a  yellow,  volatile  oil,  rapidly 
turning  dark  in  color,  possessing  a  penetrating,  stupefying  odor,  and  decomposing  shortly 
after  its  liberation.  Boiling  dilute  sulphuric  acid  decomposes  it  into  nitrogen,  methyl 
alcohol,  and  phenol  (B.  a8,  227).  o- and  ^-Nitrodiazobentene  Methyl  Ether ,  NO,.- 
CjH^N, .  OCH,  (B.  28,  236).  Di-^nitrophenyldiato-sulphide,  [N0,[4]q,H^N,],S,  is 
precipiuted  af  an  egg-yellow,  very  explosive  mass,  on  adding  hydrogen  sulphide  to  a 
neutral  solution  of  the  diazo-chloride.  With  benzene  it  forms  nitrodiphenyl,  nitrogen, 
and  sulphur ;  di-p-nitrodiphenyl  disulphide  is  formed  simultaneously.  In  an  acid  solu- 
tion with  an  excess  of  hydrogen  sulphide  there  is  produced,  along  with  the  diazosul- 
phide,  ^-nitrophenyidiazomercapian  hydrosuiphide,  NO, .  C^H^NjSH .  SH,,  consisting  of 
red,  brilliant,  metallic-looking  needles,  which  dissolve  with  a  deep-red  color  in  the 
alkalies.  They  decompose,  when  fused,  with  the  formation  of  nitrophenylhydrazine, 
nitraniline,  sulphur,  and  dinitrophenyl  disulphide.  Non-explosive  Di-^-nitrophenyl- 
diazodiiulphidey  [NO.CfH^NjjjS,,  is  finally  the  third  product  in  the  action  of  hydrogen 
sulphide.  It  is  insoluble  in  alkali.  It  consists  of  sulphur-yellow  needles,  soluble  in 
acetone  (B.  29,  272).     See  thiophenol  for  diazobenzene  thiophenyl  ether. 

3.  Isodiazohydrates  are  liberated  from  their  potassium  salts  by  acetic  acid.  They 
are  very  easily  decomposed.  Those  of  benzene  and  toluene  are  colorless  oils.  ^NUro- 
isodiatobenaene  hydrate ^  NO, .  C^H.NjOH  (B.  29,  1383),  has  been  analyzed. 

Potassium  Jsodiazobentene^  C^HjN,OK,  is  formed  on  digesting  potassium  diazo- 
benzene for  a  brief  period  at  130-135°  with  concentrated  caustic  potash,  and  when  fused, 
caustic  potash  acts  upon  phenylmethyl-nitrosamine  (p.  98),  into  which  it  returns  upon 
treatment  with  methyl  iodide  (B.  27,  514,  672,  680).  Sodium  amalgam  reduces  it  with 
ease  to  phenylhydrazine  (B.  29,  473 ;  30,  339).  Potassium  Iso-^diazotoluene  results 
when  its  isomeride  lies  exposed  to  the  air  ^B.  29,  1385).  Iso-^nitrodiatobenzene  sodium^ 
C.H4(N0,)N,0Na  -f  2H,0,  yields  nitrophenylmethylnitrosamine  with  methyl  iodide, 
whereas  the  silver  salt  forms  the  corresponding  diazo-ester  (B.  29,  1384). 

Diaxobenzene  Sulphonic  Acid,  Bentene-oMosulphonic  Acid,  Cfi^^SDfit  is  very 
decomposable  (B.  30,  75).  Its  potassium  salt  is  produced  upon  introducing  diazobenzene 
nitrate  into  a  cold,  neutral,  or  feebly  alkaline  solution  of  dipotassium  sulphite ;  the  liquid 
solidifies  to  a  yellow,  crystaJline  mass.  Under  other  conditions  a  more  easily  decomposable , 
orange-colored  salt  is  formed  (B.  27,  1715,  2930).  For  the  sensitivity  of  the  diazo- 
benzene sulphonates  to  light  and  their  application  in  photography  consult  B.  23,  3 131. 
Monopotassmm  sulphite  reduces  diazobenzene  nitrate  to  potassium  phenylhydrazine 
sulphonate  (p.  119),  which  mercuric  oxide  oxidizes  to  potassium  diazobenzene  sulphonate 
(B.  27,  1245). 

p-Nitrodiazobenzene  nitrate  and  one  molecule  of  K,SO,  yield  potassium  p-nitrodiazo- 
benzene  sulphonate,  which  also  appears  to  exist  in  two  forms.  The  acid  crystallizes  with 
four  molecules  of  water  in  ruby-red  prisms  (B.  30,  90).  On  using  two  molecules 
of  potassium  sulphite  the  product  is  potassium  p- Nitrophenylhydrazine  disulphonate, 
CgH^(NO,)N(S03K)NH  .  SO,K  (p.  125)  (B.  29,  1829).  p-Chlor-  and  p-Brombenzene 
Diazosulphonu  Acid  (B.  30,  75). 

The  diazonium  salts  and  benzene  sulphinic  add  combine  to  Benzene  diazosulphones^ 
C.H(N,SO,C.H.,  which  are  resolved  by  hydrochloric  add  into  diazonium  chlorides  and 
sulphinic  acids  (B.  30,  312). 

Diaxobenxene  Cyanide,  C9H^N,CN,  appears  as  an  unstable  oil,  on  adding  a 
potassium  cyanide  solution  to  the  solution  of  a  diazobenzene  salt.  If,  however,  the  re- 
verse be  done — the  diazo-salt  be  added  to  the  potassium  cyanide  solution — a  prussic  acid 
additive  product,  (^HjN,CN .  HCN,  will  separate  as  a  yellow  precipitate,  melting  at  70°. 
Benzenediazocarbonamide,  phenylazocarbamide,  QH^N  :  NCONH,,  results  from  the 
oxidation  of  phenylsemicarbazide  (p.  127)  (J.  ch.  Soc,  1895,  I,  p.  1067 ;  B.  28,  1925, 
2599)'  It  consists  of  reddish-yellow  neeHdles,  melting  at  114°.  The  anilide,  C^H^N,- 
CONHC^H^,  from  diphenylsemicaibazide  (B.  29,  1691),  melts  at  I22<>. 

Two  isomeridds  have  been  obtained  from  p-chlor-  and  p-nitrodiazobenzene  cyanide, 
and  in  each  instance  the  one  body  is  unstable  and  the  other  stable.  The  unstable,  low- 
melting  modifications  only  form  at  lower  temperatures,  decompose  easily,  especially  in 
contact  with  copper  powder  (p.  105),  give  up  nitrogen  with  the  formation  of  beivre.^^ 
cyanides,  fonn  axo-dyes  with  afomatie  aminei  or  pbenob,  and  c\k«Q%<&  i;ivv^Vj  >  ^^tCviNv- 
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larly  in  alcoholic  aolutioD,  into  the  stmble  iiomerides.  Unstable  p-^Al^r-  and  p-mfrv- 
dioMobentene  cyanide^  melt  at  28^  and  29°;  stable  i^ckhr-  and  ^nUrodioMehememe 
cyanide  melt  at  106^  and  S6°.  The  stable  qranides  unite  to  diaiocarbonamides  with 
water,  and  with  alcohols  to  imido  ethers^  from  which  the  potassium  salts  of  the  coire- 
sponding  diazobenzene  carboxylic  acids  can  be  obtained  by  saponification.  The  acids 
themselves  are  very  decomposable  (B.  a8,  670, 2072).  TribrampkenyiasocarboxyHc  Acid^ 
C^H^Br, .  N,  .  COOH,  has  been  ootained  from  iu  amide,  the  oxidation  product  of  tri- 
bromphenylsemicarbazide  (B.  a8,  1929). 

The  Most  Important  Decompositions  of  the  Diazobenzene 
Salts. — ^The  decompositions  of  the  diazo-salts  in  which  nitrogen  is  evolved 
and  atoms  of  other  non-metals  or  atomic  groups  enter  and  take  its  place 
are  of  the  greatest  importance  for  the  genetic  relations  of  very  many  of 
the  most  varied  di-  and  polysubstitution  products  of  benzene  and  its 
homologues  (p.  38). 

(i)  Replacement  of  the  Diazo-graup  by  Hydrogen  : 

\a)  If  the  salts  be  boiled  with  strong  alcohol,  then  hydrogen  will 
enter  for  the  diazo-group,  and  hydrocarbons  result.  The  alcohol  is  oxid- 
ized to  aldehyde  (A.  137,  69;  217,  189;  B.  9,  899) : 

C^Hj.N,    HS04  +  C,HjO  =  C,H,+  N,  +  S04H,-f CjH^O. 

It  has  occurred  upon  boiling  with  alcohol  that  the  diazo-groap  was  not  replaced  by 
hydrogen,  but  by  oxy-ethyl  (O .  C^H^),  with  the  production  of  phenol  ethers  (B.  17, 1917 ; 
18,  65;  a6,  R.  547).  If  the  dry  diazo-salt  be  decomposed  with  alcohol,  phenol  ethers 
are  the  chief  products  (B.  ax,  R.  99;  2a,  R.  657). 

(^)  The  replacement  of  the  diazo  group  by  hydrogen  is  sometimes  effected  by  its 
conversion  into  the  hydrazine  derivative  and  then  boiling  this  with  copper  sulphate  or 
ferric  chloride  (see  phenyl  hydrazine).  The  reaction  taking  place  on  boiling  the  diazo- 
chlorides  with  a  stannous  chloride  solution  is,  in  all  probability,  dependent  upon  the 
intermediate  formation  of  hydrazines  (B.  aa,  R.  741) : 

C«H,(C^H,) .  N,a  -f-  SnQ,  -f-  H,0  =  C,Hj(C^H,)  -f  N,  -f-  SnOQ,  +  HQ. 

(r)  An  analogous  procedure  for  the  replacement  of  the  diazo-group  by  hydrogen  con- 
sists in  dissolving  the  diazo -compound  in  caustic  soda  and  adding  a  solution  of  stannous 
oxide  in  sodium  hydroxide  (B.  aa,  587).  Diphenyl  derivatives  frequently  appear  as 
secondary  products. 

(</)  The  diazides  of  sulphonic  acids  can  be  boiled  with  copper  powder  and  formic 
acid  (B.  as,  1632). 

(2)  Replacement  of  the  Diazo-group  by  Halogens  : 
{a)  The  diazobenzene  salts  are  treated  with  haloid  acids.     Hydriodic 
acid  of  the  four  acids  of  this  class  reacts  most  readily  : 

CjHjN, .  OSOjH  +  HI  =  C,HjI  +  N,  +  SO^H,. 

The  haloid  acids  are  frequently  applied  in  glacial  acetic  acid  solution. 

The  hydrobromides  or  hydroiodides  of  the  bases  can  also  be  treated  with  nitric  acid. 

(Jf)  Concentrated  haloid  acids  are  allowed  to  act  upon  the  diazo- 
amido-derivatives  (p.  109).  This  reaction  is  especially  recommended 
for  the  preparation  of  fluor-  or  chlor-derivatives  (B.  21,  R.  97)  : 

C;HjN  =  N  .  NH  .  C,Hj  +  2HF  =  CjHjF  +  N,  +  FH  .  Nil, .  €.11^. 


DIA20B£K2SN£   SALTS.  I05 

(^)  Chlor-  and  brom-derivatives  are  formed,  if  the  PtCU-  and  PtBr^- 
double  salts  are  heated  alone ;  or,  what  is  better,  with  dry  soda  or  salt : 

(CjHj .  N,a),  .  Pta^  =  2C^HftCl  +  N,  +  2a,  +  Pt. 

{d)  When  the  diazo-perbromides  are  boiled  with  alcohol  (the  latter  is 
oxidized  to  aldehyde),  brombenzenes  are  formed : 

C^Hft .  N, .  Br,  -f  CHjCHjOH  =  C^H^Br  +  N,  +  2HBr  +  CH, .  CHO. 

The  reactions  indicated  under  a,  ^,  c,  and  d  were  all  observed  by  P. 
Griess.  Another  reaction  belongs  in  this  group  :  it  was  discovered  by 
Sandmeyer  (B.  17,  2650;  23,  1880),  and  is  capable  of  far  greater  gen- 
eralization. '  It  is  based  upon  the  fact  that  diazo-salts  are  decomposed  by 
cuprous  salts : 

{e)  When  cuprous  chloride  is  added  to  an  aqueous  solution  of  diazo- 
benzene  chloride,  an  additive  product,  CeH^NjCl .  Cu,Cls,  is  formed  at 
first,  but  upon  the  application  of  heat  this  decomposes  into  QHftCl  (B. 
19,  810;  23,  1628;  A.  272,  141): 

c;HjN,a(Cu,a,) = c^HjO  -f  n, + Cu,a,. 

Cuprous  bromide  and  cuprous  iodide  act  similarly  upon  the  correspond- 
ing diazobenzene  salts. 

A  modification  of  the  method  consists  in  treating  the  diazo-derivatives 
in  the  presence  of  hydrochloric,  hydrobromic,  or  hydriodic  acid  with 
copper  powder  (B.  23,  1218;  25,  1091  Anm.). 

(3)  Replacement  0/  the  Diazo-group  by  HydroocyL — When  the  salts 
(sulphates  are  best)  are  boiled  with  water,  the  diazo-group  will  be  replaced 
by  hydroxyl : 

CH..N,.Br     +H,0  =  C,H..0H4-N,-f-HBr 

CH. .  N, .  NO,  +  H,0  =  C,H, .  OH  +  N,  +  NO,H 

c:;HjN,so4H    +h,o=c,h,oh  -f  n.  +  so^h,. 

Nitro-phenols  appear  as  side  products  in  the  decomposition  of  the  diazonitrates.  It 
was  mentioned  upon  p.  104  that  in  the  action  of  alcohol  upon  diazo-salts  alkyl  phenol 
ethers  are  formed,  together  with  the  hydrocarbons ;  similar  products  are  observed  when 
phenol  (B.  23,  3705),  glacial  acetic  acid  (B.  21,  R.  889),  and  acetic  anhydride  (A.  235, 
234)  are  used. 

(4)  Replacement  of  the  Diato-group  by  the  SulphydreUe  Group. — On  digesting  the 
diazide  of  sulphanilic  acid  (see  thb),  a  cyclic  diazo-salt,  with  alcoholic  potassium  sulphide, 
the  potassium  salt  of  p-thiophenolsulphonic  acid  will  be  produced  (B.  20,  350): 

<^«*<  { [il^  > + K.S = c.H.<  { [;j|^^K  +  N.- 

In  the  same  manner,  when  mercaptan  acts  upon  diazobenzenesulphonic  acid,  a  com- 
pound results  which,  upon  standing  or  warming,  decomposes  into  thiophenolethyl- 
ether-p-sulphonic  acid : 

The  xanthates  yield  aromatic  xanthogenic  esters,—^.  ^.,  C^HjS .  CSOC^H^, — which, 
upon  saponification,  yield  thiophenols  (J.  pr.  Ch.  [2]  41,  184).  The  formation  of 
di-p-nitrophenyldisulphide  by  the  decomposition  of  the  corresponding  diazosulphide  and 
mercaptan  has  already  received  mentioD  (p.  103). 
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(5)  ^'A 
by  adding  t 


Replacement  of  the  DioMo-gnrnp  ky  the  NUro-grmtp, — This  may  be  acoomplisbed 
J  the  diazobenzene  nitrite  aolution  to  freshly  precipitated  cuprous  oxide  (B.  so, 
1495 ;  23. 1630). 

(6)  Replacement  of  the  Diazo  group  by  the  Cyanogen  Group. — This  reac- 
tion connects  by  easy  stages  the  nitroamidobenzenes  with  the  nitrobenzoic 
acids,  and  the  latter  with  the  phthalic  acids.  The  importance  of  this 
fact  has  received  mention  (p.  38).  Add  the  diazobenzene  chloride  solu- 
tion to  a  copper  sulphate  solution  mixed  with  potassium  cyanide  (B.  20, 
M95  >  23,  1630)  (compare  p.  103)  : 

C,HjN,tN  =  C^HjCN  +  N^ 

(7)  Sulphocyanides  (Rhodanides)  result  when  the  diazo-salts  are  boiled  with  potas- 
sium and  cuprous  sulphocyanides  (B.  23,  770). 

(8)  When  a  solution  of  diasobenzene  sulphate  is  mixed  with  potassium  cyanate  and 
reducied  copper  is  then  added  (B.  25,  1086),  phenylisocyanide  or  carbanile  will  result 

(p.  89). 

(9)  Formation  of  Diphenyl  Compounds  from  Diago-derhfotives. — Diphenyl  derivatiTes 
frequently  appear  as  side  products  in  the  treatment  of  diazo-bodies  with  reducing  agents 
— e,  g.f  stannous  chloride  (B.  z8,  965),  alcohol,  and  reduced  copper  (B.  23, 1226), 
alcohol  alone  or  sodium  ethylate  (B.  28,  R.  389)— -as  well  as  in  the  action  of  water,  of 
phenol  (B  23,  3705),  and  of  potassium  ferricyanide  (B.  26,471).  Into  aromatic  hydro- 
carbons and  heterocyclic  compounds — e.g,,  thio^ene,  pyridine,  and  quinoline— diazo- 
benzene chloride  introduces  the  phenyl  group.  This  occurs  very  easily  in  the  presence 
of  aluminium  chloride  (B.  26,  1994) : 

qH^N^Cl  +  C,H, f^^ ^  CeHsC^Hj  +  N,  +  HQ. 

The  diazo-residue  in  the  diazo-oxides,  diazo-sulphides,  and  isodiazohydrates  b 
readily  replaced  by  cyclic  residues  (B.  28,  404  ;  29,  165,  274,  452) : 

[NO, .  C-H,NJ,S  -f  2aH-  =  2NO, .  CH, .  C.H.  +  N,  -f  H,S 
cXn,OH  -f  CjftjN  =  C^H,.  CjH.N  4-  N,  +  "lO. 
Pyridine. 

Other  Reactions  of  Diazo-derivativeSf  in  which  nitrogen  is  not  set  free. 

1.  Phenylhydrazines  are  produced  in  the  reduction  of  diazo-salts 
(p.  119). 

2.  When  diazo-compounds  are  oxidized  in  alkaline  solution,  they  are 
converted  into  nitrosobenzene  (p.  70)  and  phenylnitroamine  or  diazo- 
benzene acid  (p.  98). 

3.  The  behavior  of  diazo-bodies  toward  ammonia,  alkylamines,  aniline, 
and  related  bases,  when  diazoimido-  (p.  no),  diazoamido- (p.  107),  and 
mixed  azo-derivatives  arise,  is  worthy  of  special  note.  These  very  im- 
portant reactions  will  be  given  in  detail,  with  the  individual  classes. 

4.  Hydrazones  result  when  diazobenzene  in  alkaline  solution  acts  upon 
bodies  containing  the  group  CH,.  CO  (p.  121).  The  primarily  formed 
hydrazones  often  rearrange  themselves  with  additional  quantities  of  the 
diazobenzene  salt  into  formazyl  derivatives,  which  belong  to  the  class  of 
-amidines  (i,  270)  (B.  27,  147,  320,  1679;  29,  1386). 

9.  DIAZOAMIDO-COMPOUNDS.    xo.  DISDIAZOAMIDO-COM POUNDS. 

The  diazoamidO'Compounds  are  derived  from  the  unknown  hydride  NH 
=  N  —  NHj,  in  which  the  hydrogen  of  the  imide  group  is  replaced  by  an 
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aromatic  residue — cg,^  phenyl,  tolyl,  etc. — and  the  hydrogen  of  the 
araido-group  by  aliphatic  or  aromatic  residues :  mixed  and  true  aromatic 
diazoamida-compaunds.  The  disdiazoamido- bodies  are  also  derivatives  of  an 
unknown  nitrogen  hydride,  NH  =  N  —  NH  —  N  =  NH. 

Formation  of  Diazoamido-derivatives, — They  result  from  the  transpo- 
sition of  primary  and  secondary  amines  with  diazo-salts :  (i  a)  Primary 
aromatic  amines  yield  diazoamido-  or  disdiazoamido-bodies,  depending 
upon  the  conditions  of  experiment.  Diazoamido-compounds  are  formed 
when  equimolecular  quantities  of  diazo-salt  and  primary  amine  interact : 

CeH^N, .  a+NH, .  CjHj  =  C^H^N  =  N  —  NHCjHj  +  HCl. 

They  are  also  produced  when  an  alkali  nitrite,  in  the  absence  of 
mineral  acids,  acts  upon  the  salts  of  primary  amines : 

2C,HjNH,Ha  +  NO,K  =  C^H^N  =  N  —  NH  .  C^Hj  +  KCl  -f  HQ  -|-  2H,0. 

(i^)  A  disdiazo-compound  results  if  a  molecule  of  aniline  be  allowed 
to  act  in  alkaline,  alcoholic  solution  upon  two  molecules  of  a  diazoben- 
zene  salt.  It  can  also  be  obtained  by  transposing  diazobenzene  chloride 
with  diazoamidobenzene  (B.  27,  703)  : 

2C,H,N,C1  +  C.H,NH,  =  ^^  =  JJ>N .  C,H,  +  2HCI 

C,H,N,a  +  C.H,N  =  N  -  NH .  C,H,  =  ^^^  =  JJ>N .  CeH,  +  HQ. 

When  a  diazobenzene  salt  solution  is  allowed  to  flow  into  cold,  con- 
centrated ammonia,  disdiazobenzeneamide,  QHjN :  N .  NH  .  N :  NCeHj 
(B.  28,  171),  will  be  produced. 

Course  of  the  Reaction  in  the  Formation  (ra)  of  Diazoamido-derivatives, — It  is  an  in- 
teresting fact  that  the  same  diazobenzene-p-amidotoluene  is  formed,  e.  g. ,  from  diazo- 
benzene chloride  and  p-tolnidine,  as  from  diazo-p-toluene  chloride  and  aniline,  although 
different  compounds  might  well  have  been  expected : 

C-H.N,a  +  NH,[4]CHJi]CH, X   I.  C,H.N  =  N  — NHUlC.HJilCH, 

CH,[i]CjH4[4]N,Cl  -f  NHjCjHj >-  II.  ClI,[i]C,H4[4]N  =  N  —  NH  .  CJA^. 

This  behavior  would  justify  the  assumption  that  the  same  intermediate  product  is 
formed  in  both  instances  by  the  addition  of  the  prinuuy  base  with  simultaneous  breaking 
down  of  the  double  nitrogen  union : 

CjHjNH  —  NQ—  NH[4]C,H,[i]CH,. 

The  same  compound  can  then  result  if  hydrochloric  acid  be  eliminated,  it  being  im- 
material from  which  bodies  the  S3mthesis  began  (B.  14,  2447;  2Z,  3004).  Hence,  the 
decomposition  of  a  diazoamido- body  by  an  haloid  acid  cannot  be  used  in  ascertaining  its 
constitution,  because  the  haloid  acid  would  first  form  an  addition  product.  For  this 
purpose  phenylisocyanide  seems  better  adapted.  Thus,  diazobenzene-p-amidotoluene 
forms  a  urea  with  ^is  reagent,  and  this  new  compound  will  have  either  formula  \\  cor- 
responding to  I,  or  11^,  corresponding  to  formula  II,  depending  upon  the  constitution  of 
the  diazoamido-body : 

W.  CO<       C,ft,  •  J-  CO<NII  ■  C^h'  +  CH»C«lC»Hi.4.\OH  J^  ^^ 
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On  decomposing  the  urea  with  dilute  snlphuric  acid  the  products  wfll  be  ptwnjrl-p- 
tolyl  urea,  phenol,  and  nitrogen ;  whereas,  according  to  formula  11^,  they  sboold  be  sym. 
dipfaenylurea,  p-cresol,  and  nitrogen.  Therefore,  dia2(^>enzene-amido-p-tolneDe  u  con- 
stituted according  to  formula  I.  The  imide  group  apparently  combines  with  the  moie 
negative  radical  (H.  Goldschmidt,  B.  ai,  2578^.  Granting  the  diazonium  formula  for 
the  diazo-salts,  it  will  of  course  be  necessary  to  alter  the  preceding  explanation  somewhat. 

The  normal  diazo-alkali  salts  (p.  102)  also  yield  diazoamidoHderiTatives.  Consult  B. 
ag,  289,  for  the  occurring  changes.  The  isodiazo-salts,  resulting  from  reairangement  of 
the  normal  salts,  are  not  reactive. 

{/d)  Primary  aliphatic  amines  also  yield  diazoamido-  and  disdiazoamido-bodies  (B.  22, 
934)-  (^0  Secondary  aliphatic  amines  form  mixed  fatty-aromatic  diazo-amido-deriva- 
tives  (B.  8,  148,  843)- 

2.  Diazoamido-compounds  are  also  formed  in  the  action  of  free  nitrous 
acid  upon  the  alcoholic  solutions  of  free  primary  amines ;  the  free  diazo- 
benzene  hydrate  or  anhydride  produced  at  first  (p.  102)  is  transposed  by 
aniline: 

CjlIjN, .  OH  +  NH, .  C,Hj  =  C:;H5N  =  N— NH .  C,Hj  -f  H,0. 

The  action  of  nitrites — f.  g, ,  silver  nitrite  upon  free  aniline — ^produces  salts  of  diazo- 
amido-bodies,  C^HgN,.  NA^H^  (B.  29,  R.  I158). 

3.  They  can  also  be  obtained  by  the  action  of  the  nitrosoamines  upon 
the  primary  amido-bodies.  Phenylmethylnitrosamine  and  aniline  yield 
diazoamidobenzene : 

a"j>N  •  ^^  +  ^"«  •  ^"»  =  ^hJ>^  .  n  :  n  .  q,H4  +  h,o. 

Nitrosoacetanilide  (p.  98)  and  aniline  also  react,  the  products  being  diazoamido- 
benzene and  acetic  acid.  When  one  molecule  of  aniline  is  used  with  two  molecules  of 
nitrosoacetanilide,  and  these  bodies  are  allowed  to  react  in  alkaline  solution,  an  aromatic 
disdiazoamido-compound  is  produced : 

CH  ^•c{5>N— NO  -h  Nil, .  C.H5  =  CjHjNH— N  =  NC^Hj  -f  CH, .  COOH 

^  civ*cc)>^-^^  +  ^">  •  ^«"»  =  §h1n  =  N>^^"^  +  ^^"« •  ^^"• 

Diazoamido-compounds  from  primary^  aromatic  bases, 

Diazo-amido-benzene,  Benzenediazoanilidey  Diazobenzeneanilide  (B. 
14,  2443  Anm.),  CeHj.  N, .  NH  .  C^Hj,  melts  at  96°  and  explodes  when 
it  is  heated  to  higher  temperatures.  It  is  obtained  by  the  action  of 
nitrous  acid  on  the  cold  alcoholic  solution  of  aniline  (Griess,  A.  121, 
258) ;  by  mixing  diazobenzene  nitrate  with  aniline  (B.  7,  1619) ;  and  by 
)>ouring  a  slightly  alkaline  sodium  nitrite  solution  upon  aniline  hydro- 
chloride (B.  8,  1074)  or  sulphate  (B.  17,  641 ;  19,  1953;  ^>  '5^^)* 

Diazo  amidobenzene  consists  of  golden -yellow,  shining  laminae  or 
prisms.  It  is  insoluble  in  water,  sparingly  soluble  in  cold,  but  readily  in 
hot  alcohol,  ether,  and  benzene.  Its  transpositions  will  be  discussed 
later;  the  most  remarkable  one  is  its  rearrangement  into  isomeric  amido- 
azobenzene  (j),  115)- 

Its  salts  are  very  unstable,  although  it  forms  a  double  salt  (C^HjjN,.  HQ), .  PtG«, 
with  hydrochloric  acid  and  PtCl^.     It  crystallizes  in  reddish  needles.     When  the  alco- 
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holic  solution  is  mixed  with  silver  nitrate,  the  compound,  C^H^.N^NAg .  C^H^,  separates 
in  reddish  needles. 

Sodium  in  ethereal  solution  converts  it  into  C^H^NNaN  =  N .  C^H^,  which  is  decom- 
posed by  water  (B.  17, 2315). 

Benzene  diauHueianiiide,  C^HjN  =  N  —  N(COCHj)C^Hj,  melts  with  decomposition 
at  130^,  and  is  formed  when  diazo-amido  benzene  stands  with  acetic  anhydride  in  toluene 
solution  (B.  24,  4156). 

The  para-variety  of  the  three  dioMO-amido  toluenes  is  alone  stable.  The  ortho-  and 
meta-forms  (from  ortho-  and  metatoluidine)  immediately  pass  into  isomeric  amido-azo- 
derivatives. 

Diazo-amido-compounds  containing  two  different  aromatic  residues:  Mixed  diazo- 
amido-compounds, like  diatobensune-^amidobromhenzene^  mf^Ximg  at  91^  (B.  ao,  3012), 
0-,  m-,  ^Diniirodiazoamido'benzeney  melting  at  196^,  194^,  228°  (B.  27,  2201 ;  28,  R. 
303),  diazobentene-^amidotoluene^  can  be  obtained  from  the  diazo-derivatives  of  the  two 
components  with  the  free  amido-derivatives — e,g,^  diazobenzene-p-amidotoluene  equally 
well  from  the  diazobenzene  salt  with  p-toluidine,  as  from  p-diazotoluene  salt  and  aniline. 
The  explanation  of  this  peculiar  behavior  is  given  on  page  107. 

DisdioMobenzene  Amide,  (C|H2N:N),NH  (B.  27,  899).  is  extremely  decomposable. 
Disdiazobenzene  Anilidey  C-H5N=:N  —  N(C^H.)  —  N  =  NCjH5,  consists  of  shining 
yellow  leaflets,  which  explode  at  80-81^  in  a  capillary  tube  (B.  27,  703). 

Mixed  fatty-aromatic  Diazoamido-compounds, 

Diazobentene-ethylamine,  C-HjN=N  —  NH.C,Hj(?),  is  a  yellow  oil.  Diazoben- 
zene dimethylamine,  C^HjN  =  N  —  N(CH,)„  is  a  yellow  oil  (B.  8,  148). 

Diazobenzenepipendine,  CjHjNrzr  N  —  NC^Hw,,  melts  at  43°.  The  diazopiper- 
idines  are  of  practical  value  in  the  preparation  of  fluorine  derivatives  (p.  58)  which  re- 
sult upon  acting  with  concentrated  hydrofluoric  acid  upon  them  (A.  235,  242  ;  243,  223). 

Disdiazobenzene-methylamine,  (C^HjN  =  N),NCH,,  consists  of  bright  yellow  needles, 
melting  at  II2*>.     Disdiazobenzene-ethylamine  melts  at  70**  (B.  22,  934). 

The  Rearrangements  of  the   Diazoamido-compounds.— (i) 

The  most  remarkable  property  of  the  diazoamido-compounds  containing 
a  replaceable  hydrogen  atom  in  the  p-position  with  reference  to  the  NH- 
group,  is  their  ability  to  rearrange  themselves  into  isomeric  p-amidoazo- 
derivatives.  In  the  amidoazo-body  the  amido-graup  holds  the  p-position 
with  reference  to  the  point  of  union  (p.  115)  : 

ZJA^  =  N— NHC^Hg >-  CjHjN  =  N[i]C,H4[4]NH,. 

This  rearrangement  completes  itself  in  the  course  of  a  few  days,  when 
a  small  quantity  of  an  aniline  salt  is  present.  It  may  be  assumed  that  in 
the  conversion  a  quantity  of  aniline,  equal  to  that  actually  needed  for 
the  change,  is  produced;  consequently  a  comparatively  small  amount  of 
the  aniline  salt  will  be  sufficient  to  rearrange  a  large  quantity  of  diazo- 
amido-benzene  into  amido-azobenzene  (Kekul6,  Z.  f.  Ch.  (1866),  689; 
B.  25,  1376).  The  rapidity  of  the  conversion  is  proportional  to  the 
strength  of  the  acid,  whose  aniline  salt  is  employed  (B.  29,  1899).  A 
strong  base,  such  as  amidoazobenzene,  is  obtained  from  a  body  indifTerent 
to  acids — ^.  ^.,  diazoamidobcnzene.  Various  intramolecular  atom-rear- 
rangementSt  such  as  the  preceding,  in  which  indifferent  compounds  are  rear- 
ranged to  strong  bases  or  strong  acids  are  kno7vn — e,  g* ,  the  rearrangement 
of  hydrazpbenzene  into  benzidine,  of  benzil into  benzilic  acid,  etc.  (i,  54; 
II,  116,  118). 

(2)  The  imide  hydrogen  of  the  diazoamidobenzene  can  be  replaced 
by  acid  radicals  through  the  action  of  acid  anhydrides  (see  benzene 
diazoacetanilide). 


no  ORGANIC  CHSMISTRY. 

(3)  The  diazoamido-compounds  and  phenylisocyanate  combine  to  urea 
derivatives.     Consult  p.  108  upon  the  importance  of  this  reaction. 

In  the  preceding  reactions  the  diazoamido-bodies  are  not  decomposed. 
This  occurs  very  readily  (4)  on  treating  them  with  concentrated  haloid 
acids ;  the^  diazoamido-derivati ves,  like  the  diazobenzene  salts,  then 
change  to  lialoid  benzenes;  the  side  products  are  salts  of  the  bases  pre- 
viously in  combination  with  the  diazo-residue.  Therefore,  the  diazo- 
amido-compoundsi  in  the  presence  of  acids,  are  fully  converted  by  nitrous 
acid  into  diazobenzene  salts.  The  deportment  of  the  diazo-amido- bodies 
toward  concentrated  hydrofluoric  acid  with  the  addition  of  diazopiper- 
idines,  proved  itself  particularly  well  adapted  for  the  preparation  of  fluor- 
benzenes  (A.  243,  220) : 

C.H5N  =  N  —  NCjH,,,  +  2HFI  =  C;HjF1  +  N,  +  HFl.  HNC,H^ 

(5)  Boiling  water  converts  the  diazoamido-compounds  into  phenols 
and  bases. 

(6)  The  reduction  of  the  diazoamido-bodies  has  not  led  to  hydrazo- 
amido-derivatives — e.g.,  CeHjNH  —  NH  .  NH .  QH^;  a  decomposition 
into  phenylhydrazine  and  aniline  has  been  the  usual  result. 

(7)  On  boiling  the  alcoholic  solution  with  sulphurous  acid,  the  diazo- 
group  is  replaced  by  the  sulpho-group : 

CjHj .  N, .  NH  .  CjHj  -f-  2SO,  +  2H,0  =  C^Hj .  SO,H  +  N,  +  NH, .  q^H^ .  SOjH,. 

II.  DIAZO-OXYAMIDO-COMPOUNDS. 

These  compounds  result  from  the  interaction  of  diazo-bodies  with  alkyl-  and  alpbyl- 
hydroxylamines. 

Diazo-oxyamido-benzene,  CHjN, .  N(OH)CjH5,  melting  at  127®,  consists  of 
yellow,  silky  needles.  It  is  formed  as  well  from  nitrosobenzene  and  phenylhydrazine, 
as  from  diazol>enzene  and  phenylhydroxylamine.  ^Nitrobentent'diazoxyamtdo-methane^ 
NO,C,H^N,N(OH)CH,.  melts  at  2280  (B.  29,  103). 

la.  DIAZOIMIDO-COMPOUND8. 

The  diazoimido- compounds  are  ethers  of  hydroniiric  acid — hydrazoic 
acid.     They  are  produced  : 

( 1 )  By  the  action  of  aqueous  ammonia  upon  diazobenzene  perbromides : 

CJIj .  N, .  Br,  -f  NH,  =  C.H,  .  N(^  ||  +  jHBr. 

^N 

(2)  By  the  action  of  hydroxylamine  upon  diazobenzene  sulphate  (B.  25, 
372;  26,  1271): 

C.Hj .  N, .  SO4H  -f  NHjOH  =  C.Hj .  N,  +  H,0  -f-  SO^H, . 

(3)  By  the  action  of  sodium  nitrite  upon  the  hydrochloric  acid  solution 
of  phenylhydrazine,  when  the  nitrosophenylhydrazine  first  produced  sus- 
tains decomposition : 

N 
q,H, .  N<N^'  =  C,H.n/ jl  +  H,0. 
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(4)  From  phenylhydrazine  and  diazobenzene  sulphate  (B.  20,  1528; 

«»  3415) : 

q^H^N :  N .  NH  .  NH  .  C,Hj  =  C,HjNH,  +  C,HjN,. 

(5)  Hydrazine  and  diazobenzene  sulphate  yield,  on  the  one  hand, 
diazobenzene  imide  and  ammonia,  upon  the  other,  aniline  and  azoimide 
or  hydronitric  acid  as  side  products.  These  reactions  are  due  to  the 
breaking-down  of  a  non-accessible  intermediate  product,  QHjN  =  N  — 
NH .  NH,  (B.  26,  SSf  1271)  (compare  buzylene  derivatives,  p.  131) : 

CjHjN  =  N— NH— NH,  =  C,HjN,  -f  NH, 

I ^ 


C,H,N  =  N— NH— NHH  =  C^H^NH,  +  N,H. 
•t 1 

Diazobenzene  Imide,  Phenylhydronitric  Ester,  QHsN,,  boiling  at 
59®  (12  mm.),  is  a  yellow  oil  with  stupefying  odor.  It  explodes  at  the 
ordinary  pressure  if  heated. 

^Nitrodiatobfntem  Imide,  NOjC^H^N,,  melts  at  52**.  m-NiirodiazabenzeftLlmUe 
melts  at  55**.     y-Niirodiat4)bemene  Imide  melts  at  74**.  N^ 

Transformation  of  the  Diatobenzene-imido-compounds, — (l)  They  are  decompoW^ 
into  N,  and  chloranilines  when  boiled  with  hydrochloric  acid  (B.  xg,  313). 

(2)  They  break  down,  when  boiled  with  sulphuric  acid,  into  nitrogen  and  amido- 
phenols  (B.  27,  192). 

(3)  The  diazobenzene  imide  compounds,  nitrated  in  the  o-  and  p-positions,  decom- 
pose in  part  when  boiled  with  alcoholic  potash  into  nitrophenols  and  hydrazoic  acid  (B. 
as,  3328). 

13.  AZOXY-COMPOUNDS. 

Formation. — (i)  By  reduction  of  nitro-  and  nitroso-compounds  with 
methyl  or  ethyl  alcoholic  potash  solutions  (B.  26,  269)  : 

4C,H,N0,  +  3HCH,0Na  =  2(CeH5N),0  +  3HC0,Na  +  3H,0. 

Sodium  amalgam  and  alcohol,  zinc  dust  in  alcoholic  ammonia,  and 
arsenious  acid  in  alkaline  solution  (B.  28,  R.  125)  reduce  nitro-bodies  to 
azoxy-compounds. 

(2)  By  the  oxidation  of  amido-  and  azo-derivatives  (Z.  f.  Ch.  (1866) 
309 ;  B.  6,  557 ;  18,  1420),  as  well  as  by  the  spontaneous  oxidation  of 
^-phenylhydroxylamine  (p.  70)  in  the  air. 

Deportment. — i.  When  reduced  by  heating  with  iron  filings  they  yield 
azo-compounds,  with  ammonium  sulphide  hydrazo-derivatives,  and  with 
acid  reducing  agents  amido-bodies,  resulting  from  the  decomposition  and 
rearrangement  of  the  hydrazo-compounds  first  produced.  2.  Their 
rearrangement  into  oxy-azo-compounds,  on  digesting  them  with  concen- 
trated sulphuric  acid,  is  interesting  (Wallach  and  Belli,  B.  13,  525). 

Azoxybenzene,  Atoxybenude,    C,Hj— N^^ ^N— C,Hj,    forms  long, 

yellow  needles,  easily  soluble  in  alcohol  and  ether,  but  not  in  water.    It 
melts  at  36^,  and  decomposes  into  azobenzene  and  aniline  w1:ien  dV^lVW^di* 


Iia  ORGANIC  CHEMISTRY. 

It  is  converted  into  poxyazobenzene  by  digestion  with  concentrated 
sulphuric  acid. 

sjm.'TXi-Dinitroazoxybenztntt  from  m-dinitrobenzene  (B.  25,  608),  melts  at  141^ 
sym.-m- DiamidoaMobentefUt  Azoxyaniline,  melts  at  147^  (B.  ag,  R.  137). 

p-  Tetrametkyldiamido'OSMxybenzene^  from  nitrosodimethyl  aniline,  melts  at  243®.  Tri- 
niiroazoxybenttnes  are  obtained  from  azoxybenzene  (B.  23,  R.  104). 

O'AzoxytoUunt  melts  at  59^.  XSL-Azoxy toluene  melts  at  38®.  ^Azoxytoluene  melts 
at  70®. 

14.  AZO-COIfPOUND8. 

Like  the  diazo-derivatives,  these  contain  a  group,  consisting  of  two 
nitrogen  atoms ;  in  the  former  the  N,-group  is  combined  with  only  one 
benzene  nucleus  and  an  inorganic  residue ;  here  it  is  attached  on  either 
side  to  benzene  nuclei,  or  to  a  benzene  nucleus  and  an  aliphatic  radical : 

CjHj— N  =  N  — C.H5  CjHj  — N  =  N  — CH, 

Azobenzene  Benzene  Azooiethane. 

In  consequence,  they  are  far  more  stable  than  the  former,  and  do  not 
react  with  the  elimination  of  nitrogen. 

Classification  and  Nomenclature. — ^Thc  true  aromatic  azo-bodies  are 
distinguished  as  symmetrical^  those  in  which  the  two  residues  are  the 
same,  and  unsymmetrical,  those  in  which  the  two  residues  are  dissimilar. 
Mixed  azo- bodies  are  those  in  which  the  azo-group  joins  an  aromatic  to 
an  aliphatic  radical. 

The  names  of  the  unsymmetrical  azo-bodies  are  derived  from  the 
names  of  the  two  bodies  in  which  the  azo-group  has  replaced  an  atom  of 
hydrogen  each,  separated  by  the  word  azo, — thus :  QHj  —  N  =  N  —  C,- 
H4N(CH3)j,  benzene-azo-dimethyl  aniline;  QHj  —  N  =  N  —  CH„  ben- 
zene azomethane.  Should  the  benzene  residues  contain  substituents,  the 
positions  in  the  one  residue  are  indicated  with  numbers  i  to  6,  and  in 
the  second  residue  by  numbers  i'  to  6',  with  the  understanding  that  the 
azo-group  occui)ies  the  1,1 '-posit ion. 

Disazo-  and  trisazo-compounds,  containing  two  or  three  azo-groups, 
are  known  (B.  15,  2812). 

Formation, — i.  By  the  moderated  reduction  of  nitro-bodies  in  alka- 
line solution,  because  in  acid  solution  the  final  reduction  products  of 
nitro-bodies,  the  amido-derivatives,  are  almost  invariably  produced. 
Azoxy-compounds  are  first  formed,  but  by  further  reduction  they  pass 
into  azo-derivatives.     The  reducing  agents  are: 

(^i)  Zinc-dust  in  alcoholic  potash  or  soda  (B.  21,  3139),  or  in  ammo- 
nia ; 

(Jf)  Sodium  amalgam  and  alcohol ; 

(^r)  Stannous  chloride  in  sodium  hydroxide  (B.  18,  2912). 

By  more  complete  reduction  hydrazo-bodies  are  formed,  along  with  the 
azo-derivatives;  these  can  eventually  be  decomposed  into  amido-com- 
pounds.  Azobenzene  is  the  middle  member  in  the  series  of  reduction 
products  obtained  from  nitrobenzene,  if  /5-phenylhydroxylamine  is  not 
taken  into  consideration : 
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C,H. .  Nv  C,H. .  N  C,H. .  NH 

NUrotnxeni  C.H, .  N/  C^H^.N  C,H,.NH  •A„fli„e.     * 

Asoxybenzene        Axobenxene         Hydraxobenxene 

2.  By  reduction  of  azoxy-compounds  on  heating  them  with  iron 
filings. 

3.  By  the  oxidation  (a)  of  hydrazo-bodies  (p.  116),  and  (^)  of  primary  amido-deriva- 
tives  in  alkaline  solution  with  potassium  permanganate  (A.  142,  364)  or  with  potassium 
ferricyanide. 

4.  By  the  action  of  nitrosobenzene  (p.  70)  upon  aniline. 

5.  By  the  rearrangement  of  certain  diazoamido-bodies  into  amido-azo- 
derivatives  (p.  114). 

6.  By  actipn  of  diazo-salts  (a)  upon  tertiary  anilines,  and  (^)  upon 
m  diamines. 

The  last  two  methods  lead  to  amido-derivatives  of  the  azo-hydro- 
carbons,  some  of  which  have  become  very  important  for  the  coal-tar 
color  industry. 

Mixed  azo-derivatives  are  frequently  obtained  by  combining  diazo- 
salts  with  suitable  fatty  bodies — /.  e.,  such  as  contain  easily  replaceable 
hydrogen  atoms  in  union  with  carbon,  or  with  heterocyclic  compounds 
like  pyrrol,  pyrazole,  etc. 

Properties, — The  azo-bodies  are  more  intensely  colored  than  the  pale- 
yellow  azoxy-derivatives.  They  do  not  unite  with  acids,  if  they  do  not 
contain  an  additional  basic  amido-group.  They  can  be  directly  chlor- 
inated, nitrated,  and  sulphonated.  Reducing  agents  convert  them  into 
hydrazo-compounds  (p.  116),  or  decompose  them  at  the  point  of  double 
union  with  the  production  of  amido-compounds.  The  latter  reaction 
serves  to  determine  the  constitution  of  the  amidoazo-derivatives. 

Indifferent,  Symmetrical  Azo-compounds. — Azobenzene, 
Azobenzide^  CeH^N  =  NCeHs,  melting  at  68°  and  boiling  at  293°,  was 
discovered  by  Mitscherlich  in  1834.  It  forms  orange-red,  rhombic 
crystals,  readily  soluble  in  alcohol  and  ether,  but  sparingly  soluble  in 
water.  It  is  produced  by  the  methods  outlined  above  from  nitrobenzene, 
aniline,  and  hydrazobenzene.  Azoxybenzene  yields  it  on  distillation 
with  iron  filings  (B.  207,  329).  It  has  also  been  obtained  from  potassium 
aniline  by  action  of  air,  and  from  aniline  and  sodium  (B.  10,  1802). 
It  is  converted  into  benzidine  by  tin  and  hydrochloric  acid ;  this  is  due 
to  a  transposition  of  the  hydrazobenzene  first  formed. 

o-Nitroatabenune  melts  at  137^  (B.  ig,  2157 ;  R.  441).     '^-NitrooMbenzene  melts  at  j 
137°.     vftsi.-vci-IHnUroa%obenunev&  an  oil  (B.  x8,  R.  627).    p- Dini/roazobenzfm  melis 
at  206°.     Dini£robemtne-azob€nzene  melts  at  117^  (B.  ax,  R.  400  ;  22,  R.  744). 

Azotoluenes.—o- i4t<tfa/ti^/  melts  at  157®.  m-Azotoltune  melts  at  55°.  ip-Azotolu- 
entmtXXs  at  143^  (B.  17,463;  z8,  2551).  AwxyUnes  and  azotrimetkyl  benzenes  are 
known. 

Mixed  Aso-compounds. — Benzene-azomeihane^  azophenylmethane,  C^H^N  =  NC- 
H,,  boiling  at  about  150^,  and  Benzene-azoethane,  C^H^ .  N  =  NCH, .  CH„  boiling  at 
about  1 80^,  are  liquids  with  a  peculiar  odor.  They  are  obtained  by  oxidizing  the  correspond- 
ing hydrazines  with  mercuric  oxide.  Sulphuric  acid  transposes  benzetie-%xA«vVvvcv^\\\Vck>^^ 
isomeric  aceUldeb/de-pben/ihyd/axioe,  C^H^NH  .  N  :  CH  .  CH^  V^.  a^,  1«^^.  Ben- 
u—io 
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uHe  ato-nitroetkatu,  C^H^N  =  NCH(NO^ .  CH,,  melting  at  lyj^^  fonned  from  diuo- 
benzene  nitrate  and  sodium  nitroethaiie,  consists  of  orange-colored  Immime,  and  fons 
salts  with  two  equivalents  of  alkali  (B.  8,  I076 ;  9,  3S4). 

Other  compounds  which  can  be  rqgarded  as  mixed  axo-deriTatiTes  are  the  bifuimtimh 
car  boxy  lie  adds  and  their  derivatives,  the  diazocyanides  (p.  103),  diphenyUulpkocarU' 
zone  and  -carbdiatone  (p.  128),  the  fomuuyl  compounds  Tp.  129^,  ienMoyl-dioMobemsttu 
(see  this),  as  well  as  numerous  azo-bodies  resulting  from  tne  oompinatioii  of  diazo-salts 
with  suitable  heterocyclic  derivatives — e.  g.^  pyrrol,  pyrazole,  etc 

Amidoazo-compounds. — The  indifferent  azo-derivatives  are  all 
orange-yellow  to  orange-red  in  color,  but  they  are  not  dyes.  By  the  in- 
troduction of  a  salt-forming  group  the  resulting  bodies,  like  amido-azo- 
compoundsy  oxyazo- compounds,  and  especially  amidoazobenzene  sul- 
phonic  acids,  do  become  colors  applicable  in  the  dyeing  of  wool  and  silk. 
The  number  of  azo-dyes  is  very  great.  Some  of  the  simplest  will  be 
discussed  in  the  following  paragraphs,  while  the  most  important  rep- 
resentatives of  the  class,  technically  speaking,  will  be  considered  in  other 
[)ortions  of  this  book,  particularly  in  connection  with  the  naphthalene 
group.  The  sulphonic  acids  of  the  amidoazo-bodies  are  of  greater  im- 
portance than  the  parent  substances. 

Formation, — (i)  From  diazoamido-compounds :  p-amidoazobenzene  is 
obtained  from  diazoamidobenzene.  In  the  case  of  diazoamidobenzene 
this  transposition  occurs  on  standing  with  alcohol,  but  more  readily  by 
the  action  of  a  slight  quantity  of  aniline  hydrochloride. 

This  reaction  only  occurs  readily  if  in  the  reacting  diazoamido-com- 
pound  the  position  in  the  benzene  nucleus  adjacent  to  the  amido-group 
in  the  para  place  be  unoccupied. 

However,  compounds,  like  diazoamido-p-toluene,  CHs[4]C,H4[i]N 
=  N  —  NH[i']C«H4[4']CH„  in  which  the  p-position  with  reference  to 
the  imido-group  is  occupied  by  CHj,  also  suffer  this  transposition.  It 
occurs  on  heating  diazoamido-p-toluene,  dissolved  in  fused  p-toluidine, 
to  65°  with  p-toluidine. 

The  amido-group  of  the  resulting  amido-azo-toluene  occupies  the 
o-position  with  reference  to  the  diazo-group.  It  is  o-amidoazoioluene  or 
[4]  MethyI-benzene'azo\^-meihyl'\y\-amidobefizene^  CH,[4]CeH4[i]N  = 
N[i']QH,[4']CH3[2']NH,  (B.  17,  77). 

(2)  By  the  action  of  the  diazo-compounds  {a)  upon  the  tertiary  aromatic 
amines,  or  (Ji)  upon  m-diamines  in  neutral  or  feebly  acid  solution  (B.  10, 
389,  654) : 

QjL\ .  N, .  NO,  +  CeH^NCCH,),    =  C^Hj .  N  =  N .  [i]C,H,[4]N(CH,),  +  NO,H 
C,ll, .  N, .  NO,  4-  Cell,  {  [y  NH,  ^  c,H, .  N  =  N .  [i]q,H,  {  gj^|][«    +  NO.H. 

The  first  products  with  primary  and  secondary  monamines,  especially 
in  neutral  or  acetic  acid  solution  (B.  24,  2077),  are  diazoamido-com- 
pounds, which  under  the  previously  mentioned  conditions  are  capable  of 
rearranging  themselves  into  amidoazo-derivatives. 

The  phenols  act  like  the  tertiary  amines  upon  diazo-salts  with  the  for- 
mation of  oxyazo- derivatives,  which  will  be  discussed  later  after  the 
amidophenols. 
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Properties  and  Department — ^The  amido-azo*compounds  are  usually 
crystalline,  and  generally  dissolve  readily  in  alcohol.  They  are  yellow, 
red,  or  brown  in  color.  Their  salts  with  acids  are  the  valuable  technical 
amido-azo-dyes.  (i)  Their  decomposition  upon  reduction  and  the  great 
importance  of  this  reaction  have  been  previously  dwelt  upon  (p.  113) 
(B.  21,  3471)*  Occasionally,  decomposition  such  as  this  takes  place  on 
heating  the  bodies  with  hydrochloric  acid  (B.  17,  395).  (2)  Amido- 
azo-compounds  may  be  changed  to  diazo-azo-derivatives  with  nitrous 
acid.  Isodihydrophentetrazines  may  be  obtained  by  reducing  the  diazo- 
salts  of  o-amido-azo-derivatives.  (3)  Indulines  (see  these)  are  produced 
on  heating  p-amido-azo-compounds  with  aniline  hydrochloride,  and 
eurhodines  when  o-amido-azo-bodies  are  employed.  (4)  When  the 
o-amidoazo-compounds  are  oxidized  they  become  pseudoazimido'dtx'wdL' 
tives.  (5)  The  o-amido-azo-compouUds  combine  with  aldehydes.  Con- 
densation products  result,  which  are  derived  from  dihydrophentriazine 
(see  this). 

Many  chemists  consider  the  o-amido-azo-componnds  to  be  ^inon-imides :  C^H^NHN 
=  CjH^  =  NH  or  CjHjNHlSr— CgH^— Ah  (B.  23,  497) ;  compare  o-azophenols. 

p-Amido-azobenzene,  CeHj  —  N  =  N[i]C8H4[4]NH„  consists  of 
yellow  leaflets  or  needles,  melting  at  123°  and  boiling  undecomposed 
above  360°,  but  at  225°  under  12  mm.  It  can  be  obtained  from  p-nitro- 
azobenzene  (p.  113),  and  is  made  technically  by  the  rearrangement  of 
diazoamidobenzene  (p.  109)  (B.  19,  1953;  21,  1633),  which  does  not 
need  to  be  isolated  for  this  purpose.  Manganese  dioxide  and  sulphuric 
acid  oxidize  it  to  quinone.  It  breaks  down  into  aniline  and  p-phenylene- 
diamine  upon  reduction  (p.  95).  Its  hydrochloride  forms  steel-blue 
needles  and,  like  the  oxalate,  has  been  applied  as  a  yellow  dye.  It  is 
prepared  in  the  coal-tar  industry  upon  a  large  scale,  and  serves  as  the 
starting-out  material  for  the  manufacture  of  disazo-dyes  and  indulines. 
Although  the  salts  of  amidoazobenzene  have  not  any  importance  as  dyes, 
yet  the  sulphonic  acids,  cuid yellow  ox  pure  yellow  (p.  138),  possess  more 
valuable  and  desirable  dyeing  properties.  ^'Acetamido'azo-benzene  melts 
at  143"*. 

m-Amidoaiobenune,  C^H5N,ri]C,H4[3]NH,,  melts  at  57** ;  its  ar^Z-derivative,  melt- 
ing at  131^,  has  been  obtained  from  nitrosobenzene  and  acet-m-phenylene-diamine  (B. 
a8,  R.  982). 

Benzene-azo-^dimethylaniline,  CeH5N  =  N[i]CeH4[4]N(CHs)„  melts  at 
116°.  Benzene-aza-diphenylaminey  p-phenylamido-  or  p-anilido-azoben- 
zene,  melts  at  82®.  o-Amidoazotoluene,  CH,[2]C,H,[i]N  ==  N[i']C6Hs- 
lunNK »  melting  at  100®,  is  obtained  from  o-toluidine.  m-Amido- 
a5^-/^A^^^,CH,[3]QH4[i]N  =  N[i']C,H,{[^^j^^»^  melts  at  80°. 

vci- Nitrobenzene-azo-^-amidobenzene  melts  at  213°  (B.  29,  R.  661). 

2,4-Diamido-azo-benzene,  CeHj.  N, .  C,H,(NH,)„  is  produced  by 
the  action  of  diazobenzene-nitrate  upon  meta-phen^lexvedx^xwvxv^^  'axA 
consists  of  yellow  needles  melting  at  117^.    Its  \17d10c\5\Qit\c.  ^cX^  'sa^'^ 
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occurs  in  trade  under  the  name  chrysoidinif  and  dyes  orange-red.  Re- 
duction changes  it  to  aniline  and  unsymmetrical  triamido-benzene,  QHr 
(NH0.(p.97). 

Symmetrical  p-Diamido-asobenxene,  K|N .  CLH. .  N,  .  C^H^ .  NH,,  has  been  pee* 
pared  by  reducing  nitroacetanilide,  NO, .  C^H^  .  NH  .  C^H,0,  with  ainc  dust  and  alludi; 
also,  from  diazo-phenylenediamine,  etc.  (B.  z8,  II45)>  and  by  the  redaction  of  p-dinitro- 
azobenzene  (see  above)  (B.  z8,  R.  628).  It  crystallizes  from  alcohol  in  yellow  needles, 
melting  at  241®. 

Its  tetra-alkylic  derivatives  are  the  so-called  Axyiinet,  They  are  fonned  when  nitric 
oxide  acts  upon  the  tertiary  anilines  (B.  16,  2768)  : 

2C.H5.NR,    yield    R,N .  C,H^ .  N, .  CiH^ .  R,N, 

and  in  the  action  of  the  diazo-compounds  of  dimethyl -p-phenylenedlamine  (p.  95)  upon 
tertiary  anilines  (6.  x8,  I143) ' 

(CH,),N .  C,H, .  N,a  -h  C^II^NCCH,),  =  (CH,),N .  C,H, .  N,  .  C,H,N(CH,),  +  HQ. 

The  a^ylines  are  red,  basic  dyes,  which  dissolve  in  hydrochloric  acid  with  a  purple- 
red  and  in  acetic  acid  with  an  emerald-green  color.  By  reduction  (stannous  chloride, 
tin,  and  hydrochloric  acid)  they  yield  two  molecules  of  dialkylic  p-phenylenediamine. 
They  are  decomposed  when  heated  to  100°  with  alkyl  iodides  (4  molecules)  ;  the  prod- 
ucts in  this  case  are  tetra -alky lie  para-phenylenediamines. 

Triamido-azo-benzcne,  CuH^Nj  =  H,N  .  C^H^  .  N, .  CgH,<JJ  ^«,    is    fonned 

when  nitrous  acid  acts  upon  metaphenylene-diamine.  At  first,  by  transformation  of 
an  amido-group,  we  obtain  a  diazo-compound,  which  further  reacts  on  a  second 
molecule  of  the  diamine.  It  forms  salts  with  one,  two,  and  three  equivalents  of 
the  acids;  of  these  the  diacid  are  the  most  stable,  while  water  decomposes  the  triacid. 
Its  hydrochloric  acid  salt,  mixed  with  Tetraamidophenylene-bisazobenzene^  ^^4[NiQ' 
Hj(NHj),],,  is  commercial  Phenylene  Brown  (Manchester-brown,  Bismarck-brown), 
which  is  applied  in  dyeing  cotton  and  coloring  leather. 


15.  HYDRAZINE  COMPOUNDS. 

The  simplest  aromatic  hydrazine  derivatives  are:  Phenyihydrazine, 
QHj.  NH  .  NH,;  wn^ym.- Diphenyihydrazine,  (C8H6),N.  NH„  and  sym.- 
Diphenylhydrazine,  CeHjNH  .  NH  .  CeHj,  or  hydrazobenzene, 

Phenylhydrazine  and  unsym.-diphenylhydrazineboth  contain  an  NH,- 
group.  They  show  similar  reactions  in  many  respects,  whereas  the 
symmetrical  di phenylhydrazine  deports  itself  rather  peculiarly.  In  the 
following  paragraphs  sym.-diphenylhydrazine  and  its  homologues,  the 
hydrazo-compaunds,  the  hydrazine  derivatives  longest  known,  will  be 
placed  at  the  head  of  the  aromatic  hydrazines.  The  hydrazo- compounds 
arrange  themselves  with  the  previously  discussed  azo-bodies,  with  which 
they  possess  many  intimate  connections.  Then  will  follow  the  mono- 
phenyl-  and  the  unsym.-diphenylhydrazine  group. 

Hydrazo-compounds. — Symmetrical  diphenylhydrazine  was  dis- 
covered in  1863  by  A.  W.  Hofmann  upon  reducing  azobenzene  with 
care,  and  inasmuch  as  it  differed  from  the  last  compound  in  containing 
two  hydrogen  atoms  more,  it  was  called  hydrazobenzeney  a  name  which 
has  adhered  to  symmetrical  diphenylhydrazine. 
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Formatian. — Azobenzene  and  allied  compounds  yield  hydrazobenzene 
upon  reducing  them  with  alcc^lic  ammonium  sulphide,  with  zinc  dust, 
and  with  potassium  or  sodium  amalgam.  It  is  not  necessary  to  isolate 
the  azo-body;  the  proper  nitro-  and  azoxy-derivatives  can  be  treated 
with  zinc  dust  and  sodium  hydroxide.  Nitro-compounds  can  also  be 
converted  in  alkaline  solution  into  hydrazo-derivatives  by  electrolytic 
reduction  (Ch.  Ztg.  17,  129,309). 

Hydrazo-benzene,  sym.'Diphenylhydrazine^  QHj .  NH .  NH  .  QHj, 
melting  at  131^9  decomposesat  higher  temperatures  into  azo-benzene  and 
aniline.  It  is  readily  soluble  in  alcohol  and  ether,  and  crystallizes  in 
colorless  plates  or  leaflets,  insoluble  in  water.  It  has  an  odor  resembling 
that  of  camphor.  When  its  alcoholic  solution  is  exposed  to  the  air,  it 
oxidizes  to  azo-benzene. 

It  is  an  indifferent  body,  and  does  not  form  salts  with  acids,  but  con- 
centrated mineral  acids  occasion  in  it  an  interesting  transposition.  See 
below,  benzidine  and  semidine  rearrangement. 

Powerful  reducing  agents  decompose  hydrazobenzene  into  two  mole- 
cules of  aniline. 

Hydrazobenzene  3rields  urea-derivatives  with  phenylisocyanate  (B.  23,  490)  and  with 
phenyl  mustard  oil  (B.  25,  3115) ;  with  benzaldehyde  it  forms  diphenylhydrazibenzylene 

or  benzhydrasioln,  C,H5CH<^  '  ^JJ»,  melting  at  55®  (B.  19,  2239). 

Monacetyl-hydratobenune  melts  at  159**.  Dtacetyl-hydratobenzene  melts  at  105** 
(B.  17,379;  A.  207,  327V 

0-,  m-,  and  ^-Methyl- hydrazobenzene  or  sym.  o-,  m-,  and  i^-TolylphenylhydraziMe 
melt  at  loi®,  60®,  and  86*>. 

sym..Hydra2otoluene8,  CH, .  C,H^  .  NH .  NH .  C^H^ .  CH,. 

The  0ff^<>-compound  melts  at  165®;  the  meta  is  liquid  (A.  207,  1 16),  and  the  para 
melts  at  I24<*  (B.  9,  829). 

Hydraxozylenes  fB.  21,  3 141). 

sym.  -Dihalogen  kydrazobentenes  have  been  obtained  from  the  corresponding  azo-bodies. 

p-DiamidohydrMobenzene,  diphenine,  NH,[4]C,H^[i]NH.NH[i^]C,H,[4/]. 
NH|,  melting  at  145^,  results  from  the  action  of  ammonimn  sulphide  upon  para-dinitro- 
azo-benzene  (B.  18,  1 136). 

Unsymmetrical  nitrohydrazobenzenes  have  been  obtained  from  chlordinitro-  and  chlor- 
trinitrobenzene  by  the  action  of  pbenylhydrazine  (A.  190,  132 ;  253,  2 ;  J.  p.  Ch.  [2] 
37*  345  \  44*  ^7)*     Compare  further  asymmetrical  polynitrodiphenylamines  (p.  93). 

Tetraphenylhydrazine,  (C,Hj),N  —  N(^H.),.  melting  at  147®,  results  from  the 
action  of  iodine  upon  diphenylamme  sodium,  (CgH^J^NNa  (B.  29,  R.  87). 


THE  BENZIDINE  AND  SEMIDINE  REARRANGEMENT  OR  TRANSPOSITION  OP 
THE  HYDRAZO-COMPOUNDS. 

Hydrazobenzene  sustains  a  very  remarkable  rearrangement  into  an 
isomeric  compound  when  it  is  treated  with  acids.  When  azobenzene  is 
reduced  in  acid  solution,  the  hydrazobenzene  which  is  produced  does  not 
form  salts,  but  even  in  the  cold  is  changed  by  mere  contact  with  acids 
into  a  diamine,  a  diacid  base :  benzidine  (see  this)  or  ^diamidodtphenyL 
Benzidine,  a  starting-out  substance  for  the  preparatiou  oC  ?jv\V3fe\axvV\N^ 
cotton  d^es,  is  prepared  technically  in  the  welwa^.     Dif>hcn5Unc  ^^ftfc 
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this),  Oy^'diamidihdiphenyl  (B.  17,  ii8i)»  occurs  in  small  quantities, 
together  with  benzidine : 

c.H,[4]NH,^^ c;h,nh ^c;h,[4]nh, 

Benxidine  Hydnutobenxene  DiplienyliBe. 

The  chief  or  principal  rearrangement,  in  which  the  two  amido-groups 
arrange  themselves  in  the  para-position  with  reference  to  the  point  of 
union  of  the  two  benzene  nuclei,  is  known  as  the  benzidine  rearraf^e- 
ment  of  the  hydrazo-compounds. 

Mineral  acids  convert  sjm.-o-  and  m-ditolyl  hydrazine  or  o-  and  m-hydrazotolueoe 
and  other  hydrazo-compounds,  in  which  the  p-hydrogen  atoms  referred  to  the  imido- 
groups  in  bodi  aromatic  residues  are  free,  into  the  corresponding  ^diamido  ditoiyls  or 
tolidines. 

If,  however,  p-hydrazotoluene  be  treated  with  aqueous  mineral  acids,  it  changes  in 
part  to  p-azotoluene  and  p-toluidine,  and  partly  to  o-amidoditolylamine  (B.  ay,  2700^. 
The  latter  body  is  principally  formed  by  the  action  of  stannous  chloride  and  hydiochlonc 
acid  upon  hydrazotoluene : 

CH.4|-HN-Nh4|-CH.— J-CH.4|-NH-Sg^H. 
p-Hydrazotoluene  o-Ainido-[4,3']^itoIy1aniine. 

Hydrazo- benzene  itself,  when  acted  upon  in  benzene  with  hydrochloric  acid  gas, 
yields  small  amounts  of  o-amidodiphenylamine  (Ch.  Ztg.  18,  1095) : 

HH  HH  HH^„HH„ 

H__NH-NH-jj^H— )-H-jj^NHTji,;;j5-H. 

This  is  the  semidine  rearrangement ;  it  is  so  called  because  only  the  one  NH-group  is 
converted  into  an  NH,-group,  and  not  both  NH-groups,  as  in  the  ben%idine  rearrange- 
ment. In  simple  p-substituted  hydrazobenzenes  the  amido-group  can  enter  the  o-  or 
p-position  with  reference  to  the  imido-group.  Hence  it  is  necessary  to  distinguish  be- 
tween an  o-  and  ^-semidine  transposition. 

Acetamidohydrazobenzene,  melting  at  146^,  is  changed  by  stannous  chloride  and 
hydrochloric  acid  into  monacety^-diamidodiphenylamine  (B.  a6,  704) : 

C,H,ONH-jj^fj-NH— NH-^^^  H >-  C,H,ONH-jj^NH-jj-^  NH,. 

Attention  may  here  be  directed  to  such  transpositions  in  which  anilines  substituted  at 
the  nitrogen  are  converted,  by  the  migration  of  the  substituents,  into  anilines  substituted 
in  the  nucleus.  Usually,  in  these  changes,  compounds  with  feebly  pronounced  or  neutral 
character  yield  more  basic  bodies.     They  are : 

(i)  The  rearrangement  of  the  phenylnitrosamines  into  p-nitroso-anilines  (p.  97); 
(2)  that  of  the  phenylnitramines  (diazobenzene  acids,  p.  98)  into  p-nitranilines ;  (3)  the 
p-phenylhydroxylamines  (p.  70)  into  p-amidophenols ;  (4)  the  phenylhydrazines  into 
p-phenylene-diamines  (p.  120) ;  (5)  the  chlorylanilines  into  p-chloranilines  (see  p-chlor- 
aniline,  p.  92,  and  ^-methyltolimidazole ;  (6)  the  diazoamido-  into  p-amidoazo-bodies 
(p.  no);  (7)  the  hydrazobenzenes  into  benzidines  and  amidodiphenylamines : 

(I)  C,H5N(CH,)N0      (2)  CeHjNH.NO,      (3)  C,HjNH(OH)      {4)  C,H5NH(NH,) 

NO.CjH^.NHCCH,)      N0,.C,H4NH,  fOH)C;H^.NH,  NH,.C,H^.NH, 

(5)  CeH^NHQ      (6)  C;H5NH(N,C.Hj)  (7)  C,HjNH.NH.C,H, 

a.CjH^.NH,        (C,H4.N,).CiH4NH,  C^H^.NH.C^H^NH^    NHvC;n^.^H^NH, 
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Those  instances  in  which  carbon  groups  wander  from  nitrogen  to  the  nucleus — e,  g,^ 
the  rearrangement  of  the  phenyl  alkylamines  into  homologous  anilines  (p.  78),  etc. — 
might  also  be  included  here.  Compare  also  the  transpositions  of  phenylsulphuric  add 
and  phenylcarbonic  acid  into  phenolsulphonic  acid  and  salicylic  acid  (p.  147). 

Phenylhydrazine  Group. — Phenylhydrazine  andunsym.-diphenyl- 
hydrazineare  formed  in  the  reduction  of  diazobenzene  salts  and  diphenyl- 
nitrosamine,  as  well  as  from  the  reaction  products  produced  when  nitrous 
acid  acts  upon  primary  and  secondary  anilines : 

I  C,H.NH,Ha >-  C.H.N  :  N  .  QX >-  CH.NHNH,Ha 

T(5,ri,),j/H     ^  (CeH6),N .  NO >  (C,Hj),N .  NH,. 

Formation, — i.  By  the  reduction  of  diazo-saits :  {a)  By  the  action  of 
acid  alkaline  sulphites  upon  the  diazo-derivatives.  On  allowing  neutral 
potassium  sulphite  to  act  upon  the  yellow-colored  potassium  salt  of  diazo- 
benzene sulphonic  acid,  when  colorless  potassium  benzene  hydrazine- 
sulphonate  will  be  formed  immediately : 

CjHj— N  =  N—  SO,K  +  SOjHK  +  H,0  =CeHjNH .  NHSO.K  -f  SO^KH. 

When  the  sulphonate  is  heated  with  hydrochloric  acid,  phenylhydrazine 
hydrochloride  is  produced,  together  with  primary  potassium  sulphate  : 

C^Hj .  N, .  H, .  SO,K  +  HQ  4-  H,0  =  C,Hj  .  N,H, .  HCl  +  SO^KH. 

The  sulphaztdfs-—€,g,,  C,Hj  .  NH .  NH .  SO, .  C^Hj,  phenyl-benzene  sulpha%ide—9xe 
prepared  by  the  action  of  free  sulphurous  acid  upon  the  acid  solution  of  diazobenzene 
salts. 

p-Nitrodiazobenzene  nitrate  and  two  molecules  of  potassium  sulphite  yield  potassium 
p  nitrophenylhydrazine  disulphonate,  C,H/NO,)N(SO,K)NH(SO,K),  which  hydro- 
chloric acid  decomposes  quantitatively  into  p-nitrophenylhydrazine. 

In  the  same  manner  dipotassium  sulphite  changes  potassium  benzene 
diazosulphonate  into  potassium  phenylhydrazine  disulphonate,  CsHsN- 
(SO,K)NH(SO,K),  which  can  be  more  easily  obtained  from  nitrosoacet- 
anilide  and  dipotassium  sulphite  (p.  98).  It  is  resolved  by  hydrochloric 
acid  into  phenylhydrazine  and  sulphuric  acid,  and  decomposed  by  alkali 
into  potassium  benzene  diazosulphonate  (B.  30,  374). 

(^)  Potassium  diazobenzene  sulphonate  can  be  reduced  with  acetic  acid 
and  zinc  dust. 

{c)  By  the  action  of  stannous  chloride  and  hydrochloric  acid  upon  the 
diazo-chlorides  (B.  16,  2976;  17,  572): 

C.H5 .  N,a  +  2Sna,  +  4Ha  =  C,Hj  .  N,H,  .  HQ  +  2Sna^. 

Diazobenzene  alkali  salts  (p.  102),  when  reduced  with  sodium  amalgam 
furnish  a  good  yield  of  phenylhydrazine  (B.  30,  339). 

2.  By  the  reduction  of  diazo-amido-compounds  in  alcoholic  solution  with  zinc  dust 
and  acetic  acid,  when  they  decompose  into  anilines  and  hydrazines : 

CeH5.N,.NH.C,H5  +  2H,  =C,H,.N,H,  +  NH,.C,H5 
Dhuo-amido-benzene  Phenylhydrazine         Aniline. 

3.  By  the  redactioo  of  the  n/traso-amines  (pp.  97  and  126^  mtih  nxA  ^"osX  «xA  %]&^^^ 
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acid,  ansym.-alkylphenyl-  or  diphenyl-hTdrmzines  are  then  formed,  and  the  aliphnk 
hydrazines  are  obtained  in  a  simUar  manner  (l,  171) : 

^|jj>N .  NO  +  aH,  =  §|1»>N .  NH,  +  H,0 

Diphenyl  Nitrosamine  a-Dipbenyl  Hydrasiiie. 

Historical. — A.  Strecker  and  Rdmer,  in  1871,  obtained  potassium  phenylhydrasiDe 
salphonate  by  the  interaction  of  diazobenxene  nitrate  aild  acid  potassiam  sulphite,  and 
when  the  same  reagent  was  allowed  to  act  upon  the  diazide  of  sulphanilic  acid  (p.  137) 
they  got  a  soluble  potassium  salt,  which,  boiled  with  hydrochloric  aad,  yielded  crystalline 

phenylhydrazine-p-sulphonic  acid,  C^H^  <  f  Ncq  h  '  ^^  ^^  primary  aromatic  hydra- 
zine compound,  which  must  be  viewed  as  a  cyclic  ammonium  salt :  C^H  <  f^icQ~2j    • 

Emil  Fischer,  in  1875,  demonstrated  that  potassium  phenylhydrazine  sulpihonate  was 
converted,  on  boiling  with  hydrochloric  add,  into  phenylhydrazine  hydrochloride,  from 
which  sodium  hydroxide  liberated  phenylhydrazine,  an  exceedingly  reactive  substance 
(B.  8,  589). 

Properties, — The  aromatic  hydrazines  are  monacid  bases,  dissolving 
with  difficulty  in  water,  but  easily  in  alcohol  and  in  ether.  At  the 
ordinary  pressure  they  boil  with  slight  decomposition  and  without  de- 
composition under  diminished  pressure.  In  the  air  they  oxidize  very 
readily,  taking  on  a  brown  color.     They  reduce  Fehling's  solution. 

Phenylhydrazine,  CgHjNH  —  NH„  forms  plate-like  crystals  melting 
at  23®.  It  boils  under  760  mm.  at  241-242°  with  slight  decomposition, 
and  under  12  mm.  pressure  at  120°  without  decomposition.  Its  specific 
gravity  at  21®  equals  1.091.  It  is  made,  as  already  described  under 
general  methods  of  formation,  by  the  reduction  of  diazobenzene  chloride. 
Its  transpositions  are  given  below.  It  has,  as  a  generator  of  antipyrinej  met 
with  wide  application.  It  serves  as  an  important  reagent  for  the  detection 
of  aldehydes  and  ketones.  The  latter  observation  has  become  of  par- 
ticular importance  in  the  development  of  the  chemistry  of  the  carbo- 
hydrates. 

Its  hydrochloride^  CglljNII .  NH, .  HCl,  consists  of  brilliant,  white  leaflets,  dissolving 
with  diHicuUy  in  concentrated  hydrochloric  acid.  When  it  is  heated  to  200^  with  hydro- 
chloric acid  it  yields  p-phenylenediamine.  For  its  salts  with  carboxylic  acids  consult 
B.  27,  1521. 

Metallic  sodium  dissolves  in  phenylhydrazine,  forming  the  sodium  derivative,  C^Hj.  - 
NNa.  NH^.     This  is  a  yellowish  red,  amorphous  mass. 

Alky  Is  and  acid  residues  can  replace  the  sodium,  thus  producing  a -phenylhydrazine 
derivatives  (p.  127)  (B.  19,  2448;  22,  R.  604).    Potassium  phenylhydrasine  (B.  20,47). 

Substituted  Phenylhydrazines  (A.  248,  94;  B.  22,  2801,  2809). — ^Cklorpkenylky- 
drazine  melts  at  83°.  p-Bromphenylhydrazine  melts  at  106®.  i^- lodphenyikydrazine 
melts  at  103°.  o-Nitrophenylhydrazine  forms  brilliant  red  needles,  melting  at  90® 
(B.  27.  2549). 

o-uVitrO'S-formylphenyikydrazide  melts  at  177**  (B.  22,  2804).  For  the  formation  of 
hetero-rings  from  these  nitro-bodies,  see  p.  122.  ^-Nitrophenylhydrasine  melts  at  157® 
(B.  29,  1831). 

Homologous  Phenylhydraxines — ^-Tolyl-hydrazine  melts  at  59**.  M-Tolyl- 
hydrazine  is  liquid.  /Tolyl-hydrazine  melts  at  61^.  Pseudocumyl -hydrazine 
(A.  212.  338;  B.  18,  91,  3175  ;  22,  834). 

Unsymmetrical  diphenylhydrazine,  (C^H(),N  .  NH„  melting  at  34^  and  boiling  at 
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220^  (50  mm.),  is  made  by  reducing  diphenyl  nitrosamine  (p.  98).  It  forms  sparingly 
soluble  diphenylhydrazones  with  glucoses.  Ferric  chloride  oxidizes  it  to  tetraphenyltetra- 
zone  (p.  131). 

Behavior  of  the  Phenylhydrazines, — (i)  While  the  phenylhydrazinesare 
pretty  stable  toward  reducing  agents,  they  may  be  readily  reconverted 
into  diazo-compounds  by  moderated  oxidation ;  this  is  effected  by  the 
action  of  mercuric  oxide  upon  their  sulphates  or  sulphonates. 

When  boiled  with  copper  sulphate  or  ferric  chloride,  the  phenylhydrazines 
throw  off  nitrogen  and  become  benzenes — this  reaction  will  also  serve  for 
the  replacement  of  the  diazo-group  by  hydrogen  and  by  the  halogens  if 
the  free  phenylhydrazine  be  replaced  by  chlorine,  bromine,  or  iodine 
(B.  18,  90,  786;  25,  1074).  The  liberated  nitrogen  also  answers  for  the 
quantitative  estimation  of  the  hydrazines. 

The  phenylhydrazines  also  reduce  Fehling's  solution  (B.  26,  R.  234). 
Consult  B.  28,  R.  996;  29,  R.  977,  for  additional  reduction  reactions 
with  phenylhydrazine. 

(2)  Sodium  liberates  hydrogen,  and  a-sodium  phenylhydrazines  result. 

(3)  Nitrous  acid  converts  the  phenylhydrazines  into  nitrosohydrazines 

(p.  130- 

(4)  The  alkylogens  replace  imido-  and  ami  do-hydrogen  in  the  phenyl- 
hydrazines,  finally  forming  phenylhydrazonium  compounds. 

(5)  The  aldehydes  and  ketones  combine  with  the  phenylhydrazines, 
usually  with  the  immediate  separation  of  water  and  formation  o{  phenyl- 
hydrazones.  This  reaction,  like  the  oxime  formation,  is  characteristic  of 
the  aldehydes  and  ketones.  • 

(6)  Acid  radicals  can  also  be  readily  introduced  into  the  phenylhydra- 
zines. 

(7)  When  the  phenylhydrazines  are  heated  to  200®  with  fuming  hydro- 
chloric acid,  they  are  transposed  into  paraphenylenediamines  (see  p.  118, 
and  B.  28,  1538) 

Phenylalkyl  Hydrazines. — The  a-derivatives  are  termed  symmetrical^  the  /?-com- 
pounds  w/ijryw/w^/nVfl/alkylphenylhydrazines.  Formation  .•  (i )  Both  isomerides  are  pro- 
duced by  the  action  of  alkyl  bromides  upon  phenylhydrazine  (A.  igg,  325  ;  B.  17,  2844). 
(2)  The  j3-class  is  also  obtained  by  the  reduction  of  the  corresponding  mixed  azo-bodies 
(p.  112).  (3)  The  a-derivatives  are  obtained  by  the  action  of  ethyl  bromide  upon  sodium 
phenylhydrazine  (B.  xg,  2450,  22,  R.  664;  (4)  by  reduction  of  the  corresponding  nitros- 
amines  (p.  97)  with  zinc  dust ;  (5)  by  treating  /?-acetphenylhydrazine,  CgH^NH  .  NH  .  - 
CO .  CH,,  with  halogen  compounds,  and  saponifying  with  boiling,  dilute  acids  (B.  26, 
946). 

a-Methyl'pkenylhydrazine,  QH^ .  N(CH)j .  NH,,  melting  at  131^(35  mm.),  rearranges 
itself  to  methyl-p-phenylenediamine. 

a  Ethyl  phenyl  hydrazine,  CgH, .  NH .  NH(C,H5),  boils  at  23l<>.  Both  compounds 
are  oxidized  to  tetrazones  (p    131). 

The  a-ethyl  compound  unites  with  ethyl  bromide  toformC^H^.  N(C,Hj),Br.  NH„ 
which  by  redaction  yields  diethyl -aniline. 

a- Ethylene Phenylhydratine.ZJA^  <CH '— CH*^^ '  ^e"*'  ™*^^  **  9°**  (^-  *'• 
3203).  ^"«      ^"« 

P-Methyl-phenyl  hydrazine  and  P-Ethyl-phenyl  hydrazine  are  colorless  oils,  oxidizing 
on  exposure  to  air  to  benzene-azo-methane  and -ethane  (p.  113),  from  which  they  can  be 
obtained  by  reduction.  The  |3-body  can  also  be  produced  from  antipyrine  by  boiling  it 
with  alcoholic  potash  (6.  25,  771). 
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p'Aifyl'pkenyl  hydraum  boils  at  177^  (no  mm.)  (B.  aa,  2233). 

The  di-  and  tri-alkylic  phenylkydraxiMis  are  fonned  by  letting  aikyl  iodides  act  upon 
the  sodium  derivative  of  a-methyl-phmyl-formyi  kydratme,  C;H|N(CHg)NNa .  CHO, 
and  then  splitting  off  the  formyl  group  with  fuming  hydrochloric  acid. 

Dialkylic  phenylhjrdnuunes,  by  the  action  of  alkyl  iodides,  are  oonTerted  into  qoiiter- 
nary  azonium  deriTatives— ^.  j^.,  C^H|N(CHg),I .  NH  .  CH.— together  with  trialkjl 
phenylhydrazines.  ap-Dimeikylpkenyi  hydratint^  C:;H|N(CH,)NH  .  CH,,  boils  at  93^^ 
(7  mm.) ;  phenyi-trimethyl  kydrasdne  boils  at  93**  (8  mm.)  (B.  ay,  696).  nnsym.-o- 
Amidophenyl-methylhydnumi,  NH.[2](^H«[i]N(CH,)NH„  is  an  oil  which  rapidlj 
changes  to  a  resin.  It  is  produced  upon  reducing  o-nitronitrosomethylaniUne  with 
alcoholic  ammonium  sulphide. 

Hetero-ring  Formations  from  o-substihUum  derivatives  of  phenylhydrathu,  Anmidd 
results  on  boiling  o-nitrophenylhydmzine  with  caustic  alkali.  a-Pkentriaune  is  produced 
by  reducing  the  formyl  derivative  of  o-nitrophenylhydrazine  with  sodium  amalgam  and 
acetic  acid.  unsym.-o-Amido-phenyl -methyl  hydrazine  iscooveited  by  nitrous  add  into 
phen-methyldihydroteirazine  : 

r  H  /  [ONH .  NH,  KOH  f  [ON  =  N  .  .    . ,  , 

Wlfi^NO ''"•''"''— ^^^—^hJ^  a-Phentriazine 

^L2J^^«  l[2]N  =  CH 

r  TT  /  [ON(CH,)NH,       NOOH  .  ^  ..  f  [ON(CH,)  .  N    p|„j„^ti,yi. 
^•"*\[2]NH,  "^    *1[2]NH N        dihydrotetrazine. 

Phenylhydrazones. — Just  as  the  aldehydes  and  ketones  formoximes 
with  hydroxy lamine,  so  they  combine  io  phenylhydrazones  "w'lXh  phenyl- 
hydrazine.  The  compounds  derived  from  the  aldehydes  are  termed 
aldchydrazones  (A.  247,  194  Anm.),  arfd  those  from  the  ketones  are  the 
keiohydrazonesy  while  the  dihydrazones  of  the  a-dicarbonyl-derivatives  are 
the  osazones  (B.  21,  984) : 

R^  Clio  +  NH-NHC.Hc    =  R^  CH    =  N .  NH  .  C,H.  +  H,0 
(R^jCO  4-  NH, .  NHCjHj  =  (RO,C     =  N .  NH .  tjA^  -f  H,0. 

The  osazone  formation  has  become  very  important  for  the  chemistry 
of  the  sugars  (see  i,  546). 

The  phenylhydrazone  formation  is  usually  supposed  to  consist  first  in  the  production 
of  an  addition  product,  corresponding  in  its  constitution  to  aldehyde  ammonia.  In  a  few 
instances — e.g.y  with  oxaloacetic  ester  and  dioxosuccinic  ester — it  has  been  possible  to 
isolate  the  addition  products,  which  split  off  water  with  ease  and  pass  into  phenyl- 
hydrazones : 

CO. .  C,H. .  CO  CO, .  C,H. .  C  < J?5  •  ^"  *  ^"ft 

CO,.C,H,.CO  CO,.C,H,.C<NHNH.P.H, 

^^     r„     A^    +2NH,.NH.C,H,=  TJH    KH    rH 

CO,.C,Hj.(io    ^         •  ••      CO.  .C,H.<!;<NH.NH.q,H, 

That  dioxosuccinic  ester  yields  an  addition  product  argues  for  the  aldeh3rde-ammonia 
constitution,  and  against  the  view  possible  with  oxaloacetic  ester,  that  it  is  an  ammonium 
salt  corresponding  to  the  formula  CO, .  C^Hj .  CO .  CH(NH, .  NHC^H^) .  COjCjH^  (A. 

295.  339). 

As  the  phenylhydrazones  are  characteristic  for  bodies  containing  the  aldehyde  and 
ketone  groups,  it  was  but  natural  that  they  should  have  been  frequently  mentioned  in 
connection  with  the  aliphatic  derivatives,  and  will  also  be  again  met  with  l«ter  in  con- 


PHENYLHYDRAZONES.  1 23 

nection  with  the  aromatic  compounds  in  which  aldehyde  and  ketone  groups  aro  present. 
It  seems,  however,  advisable  to  refer  briefly  to  the  aliphatic  phenylhydrazone derivatives. 
The  following  have  received  mention  in  the  first  volume  of  this  work :  Phenylhydra- 
zones  of  the  simple  aldehydes ;  of  the  simple  ketones ;  of  the  diketones ;  of  glyoxylic 
acid ;  of  pyroracemic  acid  ;  of  acetoacetic  ester ;  of  laevulinic  acid ;  of  mesoxal-alde- 
hyde;  of  acetone  oxalic  ester;  of  mesoxalic  acid;  of  oxalacetic  ester;  of  acetone  dicar- 
boxylic  ester ;  of  acetone  diacetic  acid ;  oftetroses;  of  oxalyldiacetone ;  of  dioxosuccinic 
acid;  of  oxalosuccinic  ester;  of  arabinose;  of  rhamnose;  of  the  glucoses;  of  milk 
sugar;  of  maltose  and  isomaltose. 

Formation  of  the  Phenylhydrazones, — ^i)  By  the  action  of  phenylhydra- 
zi ne  and  unsy m.  -alky Ipheny  1  or  unsym .  -dipheny l-hydrazi ne  upon  aldehydes 
and  ketones  (see  above).  (2)  By  the  addition  of  phenylhydrazine  to 
trebly  linked  carbon  atoms ;  the  phenylhydrazone  of  oxalo-acetic  ester  is 
also  produced  by  the  addition  of  phenylhydrazine  to  acetylene  dicar- 
boxylic  ester : 

COj.CjHj.C  COj.CjHj.CH, 

(3)  By  the  interaction  of  diazobenzene  salts  and  many  aliphatic  bodies, 
containing  hydrogen  atoms  readily  replaceable  by  alkali  metals — e.g., 
malonic  ester  and  acetoacetic  ester  in  alkaline  solution  (potassium  diazo- 
benzene, p.  102) : 

(C0,C,H5),CH,  +  C^Hj— N,OH  =  (CO,C,Hj)X  =  N— NH .  CH^  +  H,0 

Phenylbydrazone-mesoxaloester 
CO.C,H,CH,  CO,C,H.C  =  N-NH(^H, 

CH, .  to    +  ^"«-N.OH  -       CH, .to  ^^^ 

Pbenylbydrazone-acetoglyoxylic  Ester. 

The  body  obtained  from  diazobenzene  and  malonic  ester  is  identical  with  that  derived 
from  mesoxalic  ester  and  phenylhydrazine.  The  idea  that  these  bodies  are  hydrazones 
has  been  proved,  among  other  ways,  in  the  following  manner : 

(i)  Dilute  caustic  alkali  saponifies  the  phenylhydrazone  of  acetoglyoxylic  ester,  and 
.breaks  down  the  acid  into  carbon  dioxide  and  pyroracemic  aldehyde-hydrazone.  (2) 
The  latter  compound,  acted  upon  with  chloracetic  ester  and  sodium  ethylate,  yields  an 
ester  from  which  anilidoacetic  acid  is  obtained  by  reduction.  This  could  only  be  possible 
if  the  chloracetic  acid  residue  was  joined  to  the  same  N-atom,  with  which  the  phenyl 
group  had  been  attached  (A.  247,  190) : 

CO, .  CjHj .  C  =  N .  NHC^Hj— >-  CH,  .  CO  .  CH  =  N— NHC^H^ 

CH,.(!:o 


CH, .  CO .  CH  —  N-.N<^^6  ^Q^   CjHj— >  CO, .  HCH,NH  .  CJIj 

The  tendency  to  phenylhydrazone  formation  is  so  great  that  diazobenzene  chloride 
expels  carbon  dioxide  from  alkylacetoacetic  esters  and  the  acetyl  group  from  alkylic 
acetoacetic  esters,  with  the  production  of  the  phenylhydrazone  of  an  a-diketone  and 
phenylhydrazones  of  a-ketone  carboxylic  esters  respectively  : 

CH,.CH.CO,H  ^„.._  CH,.C  =  N— NH  .  C.H.      ^^       „_ 

cni.io  +^«'^'°  =cH.io  •»+co.+Ha 

Diacetophenylhydrazone  (i,  328). 
CH, .  CH .  CO, .  QH.  CH,.C.CO,C,H. 

CH;.<!xJ         •''•+C.H.N,a  +  H.O=      '^_NHc.H.+  ^"-^°'"  +  "^ 
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Nttrons  acid  acts  similarly  with  foniiatioo  of  oumes  (vol.  i).  (3)  Phenjlhjdnaie 
converts  the  monoximes  of  a-aldehyde  ketones  and  a-diketones  into  kydraa^ximes  :  thus, 
methjlglyoxaloxime  yields  metkylgiyoxaipkemylkydroMaxiime,  CHg  .  C  =  (N  —  NH- 
C^IUCH  =  NOH,  melting  at  I34«»  (A.  a6a,  278). 

TrantpasitioHs  of  ike  Pkenylhydrantmes, — ^The  phenylhydrazones  are  resolved  into 
their  original  components  on  digesting  them  with  dilute  mineral  ackLs.  By  carefiilly 
moderated  reduction  many  phenylhydr^ones  have  been  converted  into  phenylhydxaades 
(see  phenylhydrazido-acetic  acid,  p.  126 ;  B.  s8,  1223) ;  consolt  B.  90,  736^  opoo  the 
oxidation  of  phenylhydrazones. 

Very  few  classes  of  organic  compounds  are  capable  of  entering  into  the 
formation  of  heterocyclic  bodies  to  the  extent  manifested  by  the  hydrazine 
derivatives,  whose  intramolecular  condensation  reactions  are,  therefore,  of 
the  utmost  importance  in  the  development  of  the  chemistry  of  ring-systems 
containing  nitrogen.  Some  of  the  most  important  condensations  have 
been  met  in  connection  with  the  phenylhydrazones  of  the  fatty  com- 
pounds, and  will  be  again  given  in  condensed  form,  while  others  will 
receive  mention  at  the  conclusion  of  the  acid  hydrazides. 

(i)  Indoh  result  upon  heating  the  phenylhydrazones  of  aldehydes,  ketones,  and  ketonic 
acids  with  zinc  chloride,  stannous  chloride,  or  mineral  acids. 

(2)  Osotetrasones  are  produced  when  the  osazones  or  a-diphenylhydraxones  of  a-dialde- 
hydes,  a-aldehyde-ketones,  and  a-diketones  are  oxidized. 

i3)  Boiling  acids  change  the  a-osazones  and  osotetrazones  to  asotrioMoies, 
4)  Dehydrating  agents  convert  a-hydrazoximes  into  osotria»oles, 

(5)  PyrazoUs  result  from  the  phenylhydrazones  of  the  1,3-oxymethylene  ketones  and 
/3diketones  by  the  exit  of  water ;  they  are  ring-shaped,  nitrogen  derivatives  of  the 
1,3-olefine  ketones. 

(6)  The  phenylhydrazones  of  1 4-diketones  rearrange  themselves  into  n-anilidopyrroh. 
In  preparing  ring-shaped  condensation  products  of  the  hydrazones  the  latter  have 

frequently  not  been  isolated,  but  simply  worked  over. 

The  following  scheme  represents  the  hetero-ring-formations  possible  with  the  phenyl- 
hydrazones : 


CH3.Cr^_:.N— NHCgHj 

in, 

CH=N— NHC^jIIj 
iH^N— NHCjHj" 
CHj.C^^N— NC^Hj 
CH,.  trzi^N—NCjIIs 

CHj.Cz: 
CH,.(!:-r.--zrN— OH 


CH,G-NH>^ 

CH=N— NC,Hj 
(!:H=N— ^CjHj 


\ 


CHj.Cr 

/tCH,.(!::= 


>NC,H5 


a-Methyl  Indol,  or  Methyl 
Ketol 

Glyoxalosotetrazone 


Diaceto-osotriazone,  or 
n-Phenyldimethyl-osotriazole 


CHj.CO 


+  NHsNHCeH6 


CII  =  CHOH 


CH,.CO        +  NHaNHQHft 

in,— CO^ 


CH,.Cr=:N 

^      iH_CH>*"^"' 

>N.q,H. 


\ 


\ 


>™'£ 


J^. 


CH, 


CH, . 


CO 
CO 


/CH, 

+  NHsNHCtHk 


CH=C 


x:h, 

CH, 


/ 


^cyis 


^CH, 


l-Phenyl-3-methyl  Pyrazole 


I-Phenyl-5-methyl  Pyrazole 


•Phenyl-3 ,5 -dimethyl  Pyra- 
zole 


n-Anilido-a-dimethyl  Pyrrol. 
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PHBNYLHYDRAZINB  DBRIVATIVB8  OP  INORGANIC  ACIDS. 

Thionyl  Phenylbydrasone,  C^H^NH .  N  =  SO,  melting  at  105**,  consbts  of  sul- 
phur-yellow colored  prisms.  It  is  obtained,  like  the  thionyl  alkylamines  (l,  p. 
170)  and  thionyl  anilines  (p.  80),  by  the  interaction  of  thionyl  chloride  and 
phenylhydrazine.  All  phenylhydrazines  having  a  free  amido-group  yield  thionyl 
phenylhydrazones  when  acted  upon  with  thionyl  chloride  (B.  27,  2549).  Thionyl 
phenylhydrazone  is  more  easily  produced  when  thionyl  aniline  acts  upon  phenyl- 
hydrazine.  Further,  it  results  upon  gently  digesting  phenylhydrazine  sulphinic  acidy 
C^HjNH.  NH.  SOOH,  obtained  from  sulphur  dioxide  and  phenylhydrazine  (B.  23, 
474).  Thionyl  chloride,  acetyl  chloride,  and  other  acid  chlorides  rearrange  thionyl 
phenylhydrazine  into  diawbentene  chloride,  in  that  it  reacts  as  if  it  were  diazodenzene 
sulphoxide  (p.  100),  C,HjN  =  N.  S(OH)  (A.  270,  114). 

Phenylhydrazine  Sulpbonic  Acid,  C^HgNH.  NH.  SO,H.— The  potassium  salt 
is  formed  in  the  reduction  of  potassium  benzene-diazosulphonate  with  sulphurous  acid  or 
monalkali  sulphites.  Consult  p.  120  for  the  behavior  of  the  potassium  salt  toward 
mineral  acids,  and  the  rAle  it  plays  in  the  history  of  the  discovery  of  phenylhydrazine. 

p-Nitrophenylhydrazine  Disulphonic  Acid,  C,H^(NO,)N(SO,H)NH(SO,H).— 
Its  dipotassium  salt  consists  of  sulphur-yellow  needles,  formed  on  adding  an  excess  of 
a  sulphite  solution  to  nitro-diazo- benzene  ester,  nitrate,  or  isodiazobenzene  potassium. 
Hydrochloric  acid  resolves  it  into  p-nitrophenylhydrazine,  and  it  dissolves  in  an  excess 
of  potash  to  a  red  tripotassium  salt,  C.H^(NO.)N(SO,K)NK(SOjK)  (B.  29,  1830). 

Phenylbenzene  Sulphazide,  C^H.NH  .  NH  .  SO^CfH^,  melts  with  decomposition 
at  148--150®.  It  is  formed  from  phenyltiydrazine  and  benzene  sulphochloride  in  ethereal 
solution,  as  well  as  from  a  diazobenzene  salt  solution  by  the  action  of  sulphur  dioxide 
(p.  120)  fB.  20,  1238).  See  A.  270,  123,  for  the  action  of  PCl„POaj,  PSCl,,  AsCl,, 
BClj,  SiCl^  upon  phenylhydrazine. 

Carboxylic  Acid  Derivatives  of  Phenylhydrazine. — Acid 
residues  of  the  most  varied  character  can  be  as  readily  introduced  into 
phenylhydrazine,  and  generally  by  the  same  methods,  as  into  aniline. 
The  domain  of  the  bodies  thus  won  from  phenylhydrazine  is  scarcely 
less  extensive  than  that  of  the  acid  derivatives  of  aniline,  and  in  the 
multiplicity  of  phenomena  really  surpasses  it. 

The  acid  hydrazides  and  the  hydrazido-acids  have  shown  themselves  to 
be  as  well  adapted  as  the  phenylhydrazones  for  the  formation  of  hetero- 
cyclic derivatives.  Each  group  of  carboxylic  derivatives  of  phenyl- 
hydrazine  will  be  followed  by  the  most  important  hetero-ring  formations, 
arranged  in  tabular  form,  which  will  later  be  discussed  in  a  different 
connection  in  the  section  devoted  to  '*  heterocyclic  compounds." 

The  amidratones  and  formazyl  derivatives  will  receive  attention  at  the  conclusion  of 
the  simpler  carboxylic  derivatives  of  phenylhydrazine. 

Fatty  Acid  Derivatives. — The  fatty  acid  residues  enter  the  amido-group  of  phenyl- 
hydrazine  very  readily  with  the  production  of  sym.  -  or  /3-acidyl  compounds.  The  unsym.  - 
or  a-acidyl-compounds  are  made  (l)  by  the  action  of  acid  chlorides  or  anhydrides  upon 
sodium  phenylhydrazine  (B.  22,  R.  664) ;  (2)  by  action  of  suitable  haloid  derivatives  upon 
/?-acetyIphenylhydrazine,  and  subsequent  splitting-off  of  the  /3-acet-group  on  boiling  with 
dilute  sulphuric  acid,  when  the  group  occupying  the  a-position  will  not  be  attacked 
(B.  26,  945). 

The  sjrm.-phenylhydrazides,  treated  with  ferric  chloride  and  concentrated  sulphuric 
acid,  yield  reddish  to  bluish  violet  colors,  whereas  the  unsym. -bodies  are  not  colored 
(B.  27,  2965,  Billow's  reaction). 

sym.' Formylphenylhydrazide,  C^H^NH  .  Nil .  CHO,  from  formic  acid  and  phenyl- 
hydrazine,  melts  at  145®  (B.  27,  1522 ;  28,  R.  764). 

onsym.-    or   a-Acetphenylhydrazide,   C|H5N(C0CH|')mi^,    feom    a^-^\^^^V^^\s*iV- 
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hydrazine  on  heating  with  dilute  solphniic  add,  melts  at  124®  (B.  27,  2964).  sym.-  or 
P-AcetphenylkydroMide,  C^H^NH  .  ^rH  .  00 .  CHg,  melting  at  128®,  is  obtained  from 
phenylhydnzine  with  acetic  anhydride,  or  npon  boiling  with  gladal  acetic  acid  (A.  190, 
129).  aQ'Diacetphenylhydraside,  C:;H,N(00  .  CH,WH  .  CO .  CH^,  melting  at  io6», 
results  wnen  acetyl  chloride  acts  opoo  potassium  poenylhydnziDe  m  ethereal  solution 
(B.  20,  47). 

Hetero-ring  FormaHam  of  the  Fatty  Add  Phtnylkydmide  Derivatives  : 
n- Pkenyttriawle  results  when  fonnylphenylhydnudde  is  heated  with  formamide  (B.  27, 
R.  801).  nDiphenyHsodikydroietranne  is  also  a  fiwmic  add  deriTative  of  phenyl- 
hydrazine  :  It  results  from  the  action  of  diloroform  and  caustic  potash  upon  phenyl- 
hydrazine  (compare  action  of  chloroform  and  caustic  potash  upon  primary  amines: 
If  236,  and  II,  04,  isonitriles  or  carbylamines). 

The  sym.  -  or  ^-acidylphenylhydrazides,  treated  with  phosgene,  thiophosgene,  and  iso- 
cyanphenyl  chloride,  yield  heterocyclic  compounds — the  oxybiatoline  derivatives  (B.  26, 
2870),  which  can  also  be  regarded  as  derivatives  of  carbonic  add : 


CgHjNH.NH.CHO 
CjHj.NH.NH, 


H.CONH,      C,H.N Nn^ 

^       7.U     ,^/C"  n-Phenyhriaiole 


tH=N 


HCCU         C,HftN N  =  CH 

KOH  iH=:N  — k.C,H, 

COClt 


-'^"•£l>CH. 


C«HjN:Ca, 


n-Diphenylisodihy- 
diotetrazine 

n-Phenyl  -  c  -methyl- 
oxybiazolon 

CH.NH.NH.CO.CH,  )-     ^^^      ^^^^        N^   Ch.       "-R>«ny> - c -methyl- 
•    *  •  )  tS O  thio-oxybiazoline 

C,H.N— N^v, n-Phenyl-c -methyl 

^H   tmV     n^-™»  phcnylimido-oxy- 

CjHj.N:^— O  biazolme. 

Alcohol  Acid  Derivatives  of  Phenylhydrazine.  —  ^ym. -Phenylhydrazidoacetic 
tfnV/,  C,HjNH.NH.CH,.  CO,H.  melts  at  I58«»;  see  vol.  I,  360.  unsym.  - /'A/w;/ 
hydrazidoacetic  acid,  C-H5N(N»,)CH,.CO,H,  melting  at  l67*>,  is  obtained  by  the  care- 
ful saiwnilication  of  its  liquid  ethyl  ester,  the  reduction  product  from  nitrosophenylglycin 
«/^r,  C,H5N(NO).CH,.CO,  .C^HjCB.  aS,  1223);  its  pkenyihydratide,  melting  at 
178°,  is  formed  from  chloracetamide  and  phenylhydrazine  (B.  29,  622). 

fi-Phenylhydrazido-^  propionic  Ester,  C,H^N(NH,)CH, .  CH, .  CO, .  C,Hj,  boiling  at 
"75°  (9  mm.),  is  obtained  from  nitroso-/?-anilidopropionic  ester  (B.  29,  515). 

P-Phmylhydrazido- ft  butyric  Acid,  C,H5N(NH,)  .  CH(CH,)CH.COOH,  from  p- 
chlorbutyric  ester  and  phenylhydrazine,  melts  at  III °  (J.  pr.  Ch.  45,  87). 

Hetero'ring  Formations  of  the  Phenylhydrazidoacids. — (i)  Unsymmetrical  phenyl- 
hydrazido-acetic  ester  condenses  with  formamide  to  phenylketodihydro-a-triazine.  (2) 
n-Diphenylketodihydroa-triazine  (see  below)  is  similarly  obtained  from  ^xis,YtXi.'anUtdo- 
acetic  acid-a-phenylhydrazide,  C,HjN(NH,)CO.  CH,  .  NHC.H4. 

The  phenylhydrazido-carboxylic  acids  (3,  4,  5)  corresponding  to  the  ^-oxyadds  show 
such  readiness  to  anhydride  (pyrazolidone-  or  lactazam-)  formation  that  fr^uently  it  is 
impossible  to  isolate  them : 

I.  CeHjN .  NH,  HCONH,        CeH.N N=CH         n- Phenylketotetra- 

61, .  COOC,Hj  (!:H,-C0  -NH  hydro-o-triazine 

H .  COOH      C,H,N Nrrr^CH         »-  Diphenylkelote 

^         io-CH.-lkc.H.       ^y^'^-^^- 


2.  C,HjN .  NH, 
(!:O.CH,.NHC,Hj 

,CHNHNH        i^^^^^'^^^^^^^f^l—^^^  I-Phenyl-S-pyra. 

3.  i^gttjiNniNn,  —  j CO  — CH.— CH,  zolidone 

CH,-CH.COtH   ^  ■  • 
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4.  C,H.NH.NH,  +  CH,.CH:CH.CO,H->"^«"*V        ^"  \  l-Phcnyl-3-mcthyl. 

^^  M-r      •»  s  CO  —  CH,— CH.CHf     5  pyrazolone 


5.  c;h^n NH, 

CH,.c:H— CH,— CO,H 


CH,CH— CH,— CO 


I-Pbenyl-5-methyl- 
3-pynuBolidone. 


Phenylhydrasine  Derivatives  of  the  Mono-ketonic  Acids. — ^The  a-,  P-,  and 
y-kctooe  carboxylic  esters  react  with  phenylhydrazine,  fonning  phenylhydrazones, 
just  as  the  keCooes  do.  The  phenylhydrazones  of  a-  and  /-ketone  carboxylic  acids 
are  known.  Zmc  chloride  or  concentrated  sulphuric  acid  rearranges  the  phenyl- 
hydrazones of  the  a-,  /3-y  and  7-ketone  carboxylic  acids  into  indol  denTatives  (com- 
pare indol  fonnation  of  the  ketone  phenylhydrazones,  p.  124).  The  phenylhydrazones 
of  the  /3-  and  /-ketone  carboxylic  esters  and  of  the  free  /-ketone  carboxylic  esters  mani- 
fest great  tendency  to  the  lactazam  formation.  Lavulinic-pkenylkydrazone  (l,  360)  jrields 
I'Phenyi-ymfthylpyrUannane  (see  this),  and  under  other  conditions  a-methylindol-^' 
acetic  aeid.  Acetoacetic  Ester  Phenylhydratone,  C^H^NH. N  =  CrCH,).CH,. CX),C,Hj, 
melting  at  50^,  is  formed  on  adding  acetoacetic  ester  to  phenylhydrazine  (B.  27,  R. 
793),  and  spontaneously  forms  x-pkenyl-ymethylpyrazolon  (see  this) ;  whereas  with  acetyl 
chloride  or  excessive  hydrochloric  acid  it  yields  i-phenyl-ymethyl-^-ethoxypyrazole 
(see  this). 

Hetero-ring  Formations  of  the  Pbenylhydrazone-ketonic  Acids. 

I.  ImM  condensation  (see  p.  124) : 


CH,.C=N— NHCjHj 

iH,— CH,— cooh" 

2.  Lactazam  formation : 

c;HjNh.n 

CO,  CjHj.CHj.C.CHi 
CjHj.NH.N 

CO,H.CH,.CH,.C.CH, 

3.  PyratoU  formation : 
C;Hj.NH— N 


CH,.0-NH    ^„ 
COOH.CHj.C ^  •    * 


-N 


CO.CH,.C.CH, 
C,H«N N 

co.c 


KCHj.CHjC.CH, 


C.H5N 


CjHjO.CO.CH,.  C.CH, 


C.H, 


[,o.(!:= 


-N 


CH.CCH, 


a-Methylindol  - 
/3-acetic  Acid 


i-Phenyl-3-methyl- 
5-pyrazolon 

I  -Pfaenyl-3-methylpy- 
ridazinone 


l-Phenyl-3-methyl- 
ethoxypyrazole. 


Phenylhydrazine  Derivatives  of  Carbonic  Acid. —  Phenylhydrazine  Phenyl- 
carbazinatey  C^H^NH  .  NH  .  COONH,NHC,H.,  is  produced  on  saturating  an  aqueous 
emulsion  of  phenylhydrazine  with  earbonic  acid.  It  is  a  white  crystalline  mass  (B.  zgo, 
123).  Ethyl  /'-A^yrar^iWfiw/^,  CgHjNHNHCOOCjHj,  melting  at  86®,  is  produced 
when  chlorcarbonic  ester  acts  upon  an  ethereal  phenylhydrazine  solution.  When  it  is 
heated  to  240®  it  loses  alcohol  and  becomes  diphenyluratine  (A.  263,  278;  B.  26, 
R.  20).  JUiSjm.-Phenylhydrazido formic  Ester,  C,H5N(NH,)CO-OC,H5,  is  an  oil, 
obtained  from  its  ar//-derivative,  which  results  from  the  interaction  of  acetphenyl- 
hydrazine  and  chlorformic  ester  (B.  29,  829). 

Phenylsemicarbatidcy  CgH^NH .  NH .  CONH,,  meltmg  at  172®,  is  obtained  from 
phenylhydrazine  salts  and  potassium  cyanate  (A.  190,  113),  or  upon  heating  phenylhy- 
drazine with  urea  or  methane.  When  heated  it  becomes  phenylurajKole  and  diphenyl- 
urazine,  with  the  formation  of  CO,  CO.,  NH„  and  benzene  (B.  2X,  1224).  Phenylsemi- 
carfoazide,  like  8ym.-acetphenylhydrazine  (p.  125),  is  transposed  by  COa^CSCl,,  and 
C-II^NCa,  into  <»xy^WiWf-derivatives  (B.  26,  2870).  It  forms  benzeneazocarbonamide 
when  its  iftZ/vj^-componnd  (p.  131)  is  oxidized. 

DiphcnylcarbaMe,  (C,H. .  NH.  NH),CO,  melting  at  I5I*»,  results  upon  heatmg 
oretbaoe  with  phenylhydrazme  (B.  ao,  337^)  (compare  B.  29,  R.  ^2^    X  dicorbox- 
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etkyldiphmyUarhaMide,  (C;H,]hfCO,C^Hg.  NH),CO,  melting  ftti9^  remits  from  Uiei 
of  OOCl,  opoD  iinsyiii.-pbenylhydrazidofoniiic  ester  (B.  19,  829). 

Cyclic  Urea  and  Cariamu  Acid  Derivatitfes  :  PhenyluroM^U  is  produced  on  heating 
phenylsemicarlNixide,  or  phenylhydmine  hydrochloride  with  urea,  or  biuret  with  phenyl- 
hydraiine.  Diphenylurcaine  results  upon  heating  ethylphenylcaibazinate  and  phenyl- 
semicarbadde  (A.  163,  582). 

i-Phenyi-ymeihyl-^-triazolon  is  obtained  from  acetyl  methane  and  phenylhydrazine 
(B.  82,  R.  737). 


CjHjNH.NH,  +  2NH^CO.NH,- 


2C,H5NH.NH.CO.OC,Hj- 
2C,H5NH.NH.CONH,     - 


.>CH.N NH-CO 


C.H4NH.NH,  -f.  NH< 


ccxx:,H, 

COCH, 


^C^H,N-^^^^ 


i-Phenyl-3-niethyl- 
S-trijLsolon. 


Phenylhydrazine  Derivatives  0/  Thiocarhonic  Acid, — On  mixing  an  ethereal  aolntioii 
of  phenylhydrazine  with  carbon  disulphide,  Phenyihydrazine  PhenyUulphocarboMinait^ 
C^H^NH  .  NH  .  CSSNH,NHC,H(,  results.  It  melts  at  960.  Mineral  acids  libeimte  the 
acid  from  solutions  of  salts  of  pnenylsulpho-carbazinic  acid.  It  separates  in  delicate, 
shining  leaflets,  which  readily  oxidize  to  the  corresponding  disulphide  (A.  190,  114). 


When  the  potassium  salt  of  the  acid  is  treated  with  COCl,,  CS,,  and  ethylene  bromide, 
the  products  are:  n-phenylthiobiazolansulphydratey  tk-phenyldithiobiaMoUnt  tmlphydraie^ 
and  n-phenylthiopentahydrodiazthine  (B.  27*  2516). 

Phenvhulphosemicarbazide^  C^H^NH  .  NH  .  CSNH,,  melting  at  200®,  b  obtained 
from  phenylhydrazine  rhodanate  at  160-170®.  When  heated  to  130**  with  hydro- 
chloric acid,  it  becomes  sulphocarbizine  or  benzodiazthine  (see  this)  (B.  27,  871). 
Diphenylsulphosemicarbatide^  CgH^NH  .  NH.  CS .  NHCjH.,  from  diphenylcarbazinic 
acid  and  aniline  (B.  29,  1686),  is  converted  by  nitrous  acid  into  diphenyKsotetratolon 
(see  this). 

DiphenyhuJphocarhazide^  (C,HjNH .  NH),CS,  melting  at  150®,  is  formed  when 
phenylhydrazine  phenylsulphocarbazinate  is  heated  to  loo-i  10®. 

Diphenylsulphocarbazme,  QH^N  =  N  .  CSNH  .  NH  .  QH^,  consists  of  bluishblack 
crystals,  and  is  formed  by  brief  boiling  of  diphenylsulphocarbazide  with  moderately  con- 
centrated alcoholic  potash.  ^ 

Diphenylsulphocarbodiazone^  (C^H^N  =  N),CS,  from  diphenylsulphocarbazone  by 
oxidation  with  hydrated  manganese  peroxide,  consists  of  red  needles  (A.  212,  316). 

Hetero-ring  Formations  of  the  Phenyihydrazine  Hiiocarbonic  Acid  Derivatives  : 

COCl»        C^H^N N^  nPhenylthiobiazolon- 

to  —  S  -^  sulphydrate 


CgHjNH  .  NH  .  CSSK 


CS,          CH^N N^  n-Phenyldithiobiazo. 

^         ts S-^    *  line  sulphydrate 

[cH,Br.CH,Br^C,H,N NH  -CS  n-Phenylthiopentahy- 

CHj—CH,— S  drodiazthine 


— NH, 


^NH-N 


CH,NH .  NH  .  CSNH.  —l-^^^-J^  "^'^^^^^^^'^ 

Phenylhydrazine  Derivatives  of  Cuanidine, — Anil  Guanidine^  NH:C(NH-).- 
NHNHCjHj,  and  Amidophenyl  guanidine,  NH :  C(NH,) ,  N(C,H.)NH„  are  formed 
together  from  cyanamide  and  phenylhydrazine  (B.  29,  R.  1 109);  under  other  conditions 
the  product  is  a  phenylhydrazine  derivative  of  biguanide — the  easily  decomposable 
Anilbiguanide,  C^H^NH .  NH  .  C  :  (NH)  .  NH  .  C :  (NH) .  NH,.    On  digesUng  anil- 


FORMAZYL  COMPOUNDS. 


t29 


bigoAiiide  with  cjanmmide  it  changes  to  pkenylguanatoU  (see  this),  which  is  obtained 
from  dicyandiannde  and  phenylhydrazine  (B.  24,  R.  649)  : 


CjHjNH— NH— C  =  NH 


X 


C,H.N-NH-C  =  NH       o.phcnylguan- 
NH=t h\  "o^e- 


Phenylhydrasine  Derivatives  of  the  Dicarboxylic  Acids. — Oxalphenylhydra- 
zilic  Add,  CH^NH .  NH .  CO .  CO,H,  melting  at  no®  (A.  236,  197),  and  Oxal- 
phenylhydraztdey  (C^H^NH  .  NH .  CO),  melting  at  278®,  correspond  to  oxanilic  acid 
and  oxanilide, 

Malonic  acid  has  given  the  following  phenylhydrazine  derivatives :  Malonic  Ester 
Phenylhydrazide,  Malonphenylhydrazilic  ester,  C^HjNH .  NH  .  CO  .  CH, .  COOC,H^, 
melting  at  90°,  is  produced  when  phenylhydrazine  acts  upon  the  chloride  of  malonic 
ester.  It  dissolves  quite  readily  in  caustic  potash  and  from  this  solution  hydrochloric 
acid  precipitates  malonylphenylhydrazide,  l-phenyl-3,5-pyrazolidone  (formula  below). 

Malmylpkenylkydrazide,  (C^H^NH .  NH .  CO),CH„  melting  at  187®,  results  from  the 
interaction  of  malonamide  and  pbenylhydrarine  at  200®  (B.  25,  1505).  Ethylene  suc- 
cinic acid  hzs  yielded  the  compounds  corresponding  to  those  from  malonic  acid.  Suc- 
cinic phenylhydratilic  ester  melts  at  107®.  Succinylpkenylhydrazine  results  from  the 
interaction  of  phenylhydrazine  hydrochloride  and  succinyl  chloride  (B.  26,  2181).  Suc- 
cinyldiphenylhydrazide,  (CH,.  CO.  NH  .  NH .  C^Hj),,  melts  at  209<»  (B.  21,  2462). 
Aniisuccinimtde^  (CH,CO),NNHC-H5,  belongs  in  this  category. 

Phenylhydrazine  Derivatives  of  Olefine  Dicarboxylic  Adds  and  Oxydicarboxylic  Adds, 
— Malelc  anhydride  and  phenylhydrazine  yield  maletnphenylhydrazil.  On  boiling  mafelc 
or  fumaric  acid,  dissolved  in  water,  with  an  excess  of  phenylhydrazine,  it  adds  itself  as  in 
the  case  of  acrylic  or  crotonic  acid  (p.  126),  and  after  the  addition  lactazam-formation 
ensues  (B.  26,  117),  and  i-pheny l-$-pyrazolidon-'^-carboxy lie  acid  resv\Xs  (se^this). 

Hetero-ring  Formations  of  the  Phenylhydrazine  Derivatives  of  the  Dicarboxylic 
Adds  : 


CH, 


CO.NH.NH.CjHj 


-x:h,< 


^^ — N^  Malonylphenylhydrazine, 

I  -Phenyl-3,5-pyrazolidone 


ipnen 
1-3,5 

Succinylphenylhydrazine 


CO.  OH  '^CO— NCjHj 

CH,  .  CO.  a    HCI.NH,.NH.C«H5     CH,  .  CO  .  NH 

in, .  CO .  CI  in, .  co .  \^cja^ 

CH,  .  CONH  .  NHCgHj  CH,  .  CO 

i., ^_,,  ^i.,      ^_-^N.  NC-H.      Anilsuccinimide 

CH, .  COOH  CH,  .CO  •    * 

NH,.NH.C,H6     ^  CO,H  .  CHNH  ^^  i-Phenyl-5  pyrazolidon 

in  CO  •    *      3-carboxylic  Acid. 


CH   .  COOH 
CH  . COOH 


HYDRAZIDINBS  OR  AMIDRAZONBS.    FORMAZYL  COMPOUNDS. 

Two  classes  of  compounds  belonging  to  the  amidines  remain  to  be  discussed  at  the 
conclusion  of  the  phenylhydrazine  derivatives  of  the  carboxylic  acids.  The  hydrazidines 
are  amidines  whose  imido-group  is  replaced  by  the  phenylhydrazone  group,  while  in  the 
formazyl  compounds  the  amido-group  is  in  addition  replaced  by  the  azophenyl  group : 

CH    gT^"'        CH     CC^"'  HCSr^"'         HC<^=^^"» 

^"••^NH         ^"••^N.NHC.H,        "*^NH         "^'^N-NHC.H, 


Acetamidine 


Ethenylphenylhydrazine        Formamidine  Formazyl  Hydride. 


_^N.NHC,H. 
A.  Hydrazidines  or  Amidraxones.  Ethenylphenylhydrazidine,CYi^.Q<^ 

The  hydrochloride  of  this  base  is  produced  by  the  action  of  phenYlh^di^xVii^  aql^tv  ^^ 
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hydrochloride  of  acetimidoether  (B.  17,  2002).   Cyanamidrmmu  or  DUyamfhmyiOiyin' 
zim,  NC—O^  -  ^    ft^  meldng  with  decomposition  ftt  i6o°,  and  Diamidrmmi 

*  /c:h,nh.n^  \ 

(B.  a6,  2783  Anm.),or  Cyanphenylhydratmet  I  j^„  >C  l„   melting  at  22f, 

are  produced  when  cyanogen  acts  apon  phenylhydrazine.      Dicyanphenylhydraane  b 
fonned  by  the  reduction  of  the  HCN  addition  product  of  diazobenzene  cyanide  (p.  103), 


The  constitution  of  cyanamldrazone  is  evident  from  its  formation  throogh  the  action  of 


which  probably,  therefore,  has  the  following  formula :  C^H,N  :  NC^         (B.  28, 2082). 

I  its  formation  tb 
phenylhydrazine  upon  Flaveanhydride,  NC — C^         ,  and  the  constitution  of  diamidn- 


zone  from  its  formation  in  the  action  of  phenylhydrazine  upon  Hubeamkydride^ 
Nn!/^NH.  (''  ^3^)'  andupoooxaldiamidoxime.  "jj;^^>C-<j;^"  (B.  26. 
2385). 

Acetylamidrazoney  pyroracemic  acid  phenylhydrazidine,  CH,CO .  C^j^u       ^    f 

melting  at  182°,  is  produced  by  reducing  formazyl  methylketone  with  ammonium  sol- 
phide  (B.  26,  2783). 

Ihtero-ring  Formations  with  the  Amidrtuones. — The  amidrazones  condense  with  Off- 
lx)xylic  acids,  their  anhydrides  or  chlorides  to  hetero-cyclic  deriyatives  of  the  triauU- 
group  (see  this).  Nitrous  acid  converts  the  amidrazones  into  /<f/nas^-derivativcs  (see 
these).  Cyanamidrazone  is  changed  by  acetic  anhydride  to  n-phenyi-yeyaH'S-metkyl- 
triazole ;  by  nitrous  acid  to  n-phenyl-'^'CyantetrazoU  : 

C.II,Nn.N^  CH^COOH    C,n.N-N^  n.Phenyl.3-cy«..S- 

NII,/^  CH,t=N/    •               methyltriazole 

C.H,NH  ■  N^  N^.          CH.N-N^  „.Phenyl-3-cy«i- 

NH,/  ^=N/^-^           tetr.«.le. 

B.  Formazyl  compounds  are^  obtained  (i)  from  phenylhydrazones  and  normtl 
diazol)enzene  usually  in  alkaline  solution ;  (2)  from  phenylhydrazine  and  phenylhydn- 
zi<les ;  the  hydrazone-hydrazide  produced  at  first  oxidizes,  under  the  influence  of 
phenylhydrazine,  with  the  loss  of  two  hydrogen  atoms ;  (3)  from  the  phenylhydrazooe 
chlorides,  corresponding  to  the  imide  chlorides,  by  action  of  phenylhydrazine  (B.  vj% 
320;  29,  1386). 

Formazyl  Hydride,  HC^i^  *  ^^^^  |^j  ,  melting  at  Il6«  (i,  233),  has  been  obtained 
from  formazyl  carboxylic  acid  by  fusing  it  alone,  or  by  boiling  it  with  alcoholic  potash. 

Formazyl  Methyl  Ketone y  CH,.  CO.  C^jJ  *  jJi^fc  H  '  ™^^^*°8  *^  '34**»  ""csults  from 
the  action  of  diazobenzene  upon  acetone,  acetoacetic  ester,  pyroracemic  aldehyde  hydra- 
zone,  and  benzene -azo-acetyl  acetone  (B.  25,  321 1). 

/N*  N  H 

Formazyl  Carboxylic  Acid,  CO,H  .  C:^  ^^  '  NH*  C  H  '  ™^^^*'^  *^  162°,  is  made  by 

saponifying  the  ethyl  formazyl  carboxylic  ester,  melting  at  1 1 7®.  The  latter  is  produced 
when  diazobenzene  chloride  acts  upon  acetoacetic  ester,  oxaloacetic  ester  (B.  25,  3456), 
or  upon  phenylhydrazonc-mesoxalic  ester  acid.     Diformatyl^ 


C,H.N:N\c     p/N:NC,H. 


greenish -brown,  brilliant  leaflets,  melting  at  226^.  It  results  from  the  action  of  diazo- 
benzene chloride  upon  Isevulinic  acid,  hydrochelidonic  acid,  or  acetone  diacetic  acid,  and 
from  dioxytartrosazone. 


TETRAZONES.  I3I 

FormasyUtsobensitu^  Fbenylaioformazyl,  (CgH^N  =  N),C  =  N .  NHCsIT^,  melting 
at  162®,  results  from  the  interactioa  of  fonnazyl  carboxylic  acid  or  glyoxylic  acid  phenyl - 
hydrazone  and  dlazobenzene  in  alkaline  solution  (B.  25,  3457). 

Heiero-ring  Formations  with  the  Formazyl  Derivatives, — When  concentrated  mineral 
acids  act  upon  the  fonnazyl  compounds,  they  split  off  aniline  and  phentriatone  derivatives 
result ;  formazyl  carboxylic  ester  jrields  a-Phentriasine  (see  this) .  By  oxidation  the  form- 
azyl-compounds  change  to  tetratolium  derivatives ;  formazyl  hydride  yields  n-Diphenyl- 
tetrazolium  hydroxide  : 

SSi^N^^^^^"* ^^'"^^iL  -I^entriazine 

C,H,N.=N\                   o                 aH,N(QH) :  N\  n-Diphenyltetra. 

CjHjNH— N^  CgH^N N^  solium  Hydroxide. 

NO 

16.  Phenylnitiosohydrasine,  C,H5N<JJ^  ,  or  C,HjNHNHNO,  yellowish- brown 

crystalline  flakes,  which  readily  change  to  diazobenzene  imide  (p.  no)  (A.  190,  89), 
and  are  produced  by  action  of  nitrous  acid  upon  phenylhydrazine.  An  excess  of  nitrous 
acid  oxidizes  phenylhydrazine  to  a  diazobenzene  salt  (Ch.  C.  1897,  I,  381).  Nitrow- 
phenylsemicarbazide^  C,HjN(NO)NHCONH,,  melting  with  decomposition  at  127°,  is 
obtained  by  the  action  of  NO,Na  and  acetic  acid  upon  phenylsemicarbazide.  It  decom- 
poses gradually  at  the  ordinary  temperature,  more  rapidly  upon  beating,  with  the  produc- 
tion of  phenylazocarbamide  (p.  103).  Diazobenzeneimide  is  obtained  when  it  is  boiled 
with  caustic  potash  (B.  28,  1925). 

i6tf.  Tetrazones,  derived  from  the  hjrpothctical  nitrogen  hydride,  Nil,  —  N 
N  —  NH,,  result  upon  oxidizing  the  uns3rm.-alkylphenyl-  or  diphenyl-hydra/ines  with 
mercuric  oxide  in  alcoholic  or  ethereal  solution,  or  by  means  of  a  dilute  ferric  chloride 
solution : 

2C,H,N(CH,)  .  NH,  +  20  =  CgHj .  N(CH,)  .  N :  N .  N(CH,) .  Q^\  +  2\\fi. 

They  are  solids,  decomposed  by  fusion  or  upon  boiling  with  dilute  acids.  Dimethyl 
diphenyl  7>/raftw/,  CH. .  N(CHj,)N,.  N(CIIj)CjH5,  melts  at  133°.  DifthvliUphetiyl 
Tetrazone  melts  at  108*  (A.  252,  281).  Tetraphenyl  Tetrazone,  (C^i  \r^.^  .  N, .  'N(C  c^ 'j)?* 
from  a-diphenylhydrazine,  melts  at  123®,  and  is  colored  blue  by  concentrated  acids.  The 
tetrazones  recall  the  osotetrazones  (l,  328). 

16^.  Hydrotctrazones,  derived  from  the  hypothetical  hydride,  NH,.  NH  .  NH  .NH„ 
result  upon  oxidizing  the  aldehyde  phenylhydrazones  (H.  26,  R.  55;  27,  2920) — e.g., 

C.H..CH:N.  N.(' lis 
benzal  phenylhydrazone  yields  the  compound,  ^  tt     pit  .  ^    at    c  H  '   '^i^^^f-^^    t^i- 

phenyldihydrotetrazone^  melting  at  l8l°  (B.  29,  R.  591). 

17.  Buzylene  or  Diazohydrazo-compounds. — UippHr\>lphenrlbuzvUtte ,  C'^H^N  - 
N  —  NH  —  NHCO .  CH,  .  NH  .  CO .  C^Hj,  melting  at  84°,  is  an  hippuri'c  acid  derivative 
of  the  unknown  hydride,  Buzylene^  NH  =  N  —  NH  —  NH,  (B.  26,  1268).  It  is  formed 
from  hippurylhydrazine  and  diazobenzene  sulphate. 


4.  AROMATIC  COMPOUNDS  OF  PHOSPHORUS,  ARSENIC, 
ANTIMONY,  BISMUTH,  BORON,  SILICON,  AND  TIN  (i,  173- 
181). 

The  phenyl-derivatives  of  the  elements  just  mentioned  attach  themselves  to  the 
aromatic  nitrogen  compounds.  Their  chlorides  are  most  suitable  for  the  preparation  of 
these  bodies,  (i)  They  react  with  benzene  at  a  red  heat,  hydrochloric  acid  being 
eliminated ;  (2)  with  benzene  and  aluminium  chloride ;  (3)  with  mercury  diphenyl ;  (4) 
with  sodium  and  benzene  chloride,  or  benzene  bromide.  This  class  of  derivatives  is 
produced  also  (5)  from  alloys  of  the  elements  with  alkali  metals  and  benzene  haloids. 
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Phenyl  Photphonis  Componnds.— -Michaelis  in  1876  succeeded,  by  the  piepimi«i 
of  phosphenyl  chloride,  the  sUrting-out  subsUoce  for  the  obtainment  of  photpbeflfl 
derivatives,  in  setting  aside  the  experimental  difficulties  which  opposed  the  tmioB  of  fit 
phenyl  residue  with  phosphorus  (A.  z8z,  265 ;  293,  193,  325  ;  294,  i).  Sone  pin- 
phenyl  compounds  in  composition  coirespond  to  known  aromatic  nitrogen-contMBiBi 
substances ;  the  names  of  the  respective  phosphenyl  bodies  recall  these: 

Aniline,  C^HgNH,  C^H^PH^  Phenyiphosphine 

Nitrobenzene,  C^H^NO,  C^H^PO.,  Phosphino-benseDe 

Arobenxene,    CgH^N :  NC^Hj  C;,H,P :  PC^H^  Pho^tho-bensene. 

Phenyiphosphine,  C^H^.  PH,.  phosphaniline,  boiling  at  160®,  is  obtained  by  the 
action  of  hydriodic  acid  and  then  alcohol  upon  phosphenyl-chloride,  CAi^ .  PG^  It  is 
a  liquid  possessing  an  extremely  disagreeable  odor.  When  exposed  to  the  air,  it  oxiditts 
to  phosphenyl  oxide,  C^H^ .  PH,0,— a  crystalline  mass  easily  soluble  in  water.  Phenyi- 
phosphine combines  with  HI  to  the  iodide,  C^H^ .  PH,I,  out  of  which  water  igiin 
seijarates  phenyiphosphine. 

Phosphenyl  Chloride,  C,!!^.  PCI,,  boiling  at  225°  (coir.)  with  sp.  gr.  1.319  (29*), 
is  a  strongly  refracting  liquid  which  fumes  in  the  air.  It  is  formed  (l)  by  conductiog  i 
mixture  of  benzene  and  iXIll,  vapors  through  tubes  heated  to  redness  (A.  z8z,  280) ;  (2) 
by  heating  mercury  diphenyl  with  rci,,and  (3)  by  the  action  of  AlCl,  apon  benzene  and 
rCl,.  Aided  by  this  last  reaction  the  chlorphosphin -residue  has  also  been  introdnced 
into  dinuthyhnilinf  {^.  2Z,  1 497),  and  into  phenoialkyl  ether  (B.  27,  2559).  Itfonns 
the  tetrachloride^  ^^^6  ■  ^^4»  '^^^  chlorine ;  this  melts  at  73®.  With  oxygen  it  yields 
the  oxychlorUe^  ^«*^6-  P^ljO,  boiling  at  260®,  and  with  sulphur  phoipMenyl  ndph^- 
chloride y  boiling  at  205°  (130  mm.).  When  the  dichloride  is  heated  with  water,  we 
obtain  phenyl-hypophosphorous  acid,  CjH5.PHO.OH,  melting  at  70^,  while  the 
tetrachloride  forms  phenylphosphinic  acid,  C.H5 .  PO.  (OH)^  which  melts  at  150^ 

\t'Tol\'lphosphorchloride^  CH3[4]CgH4PCl,,  forms  a  tetrachloride,  which  forms  widi 
aniline  ' tolyltrianilidophosphonium  chloride,  CH5[4]C;H.P(NHC,H5),a,  melting  H 
245°.  Sodium  hydroxide  converts  the  latter  into  the  hydroxide ^  CH,C,H^P(NHC^H5),0H, 
melting  at  240°  (B.  28,  2214). 

PhosphinO'bcnzene^  CjH^TO,,  melting  at  Ioo°,  is  obtained  from  phosphenyloxychloride 
an<l  phenylhypophosphorous  acid  (B.  25,  1747). 

Phosphenyl  chloride  converts  phenyiphosphine  into  Phospho-bensene,  C^H|.- 
P :  P  .  CjHj,  melting  at  150®  (B.  zo,  ^12). 

Diphenylphosphine  Chloride,  (CgH5)2PCl,  boiling  at  320^,  is  obtained  from  phoi- 
phenyl  chloride  alone  at  280^,  or  with  mercury  diphenyl  at  220*^  (B.  2z,  1505).  With 
phenol  it  yields  Phenoxyldiphenylphosphiney  (C.H5),POCjH5,  boiling  at  265-270® 
(62  mm.)  (B.  18,  21 18),  and  with  dilute  sodium  hydroxide:  dtphenylphosphine^ 
(CgHjl^P^I,  boiling  at  280°,  and  di phenylphosphinic  acid,  (C^H^),!*©.  OH,  melting  at 
190°  (B.  15,  801). 

Triphenylphosphine,  (C^Hj),?,  melting  at  75°  and  boiling  about  360**,  is  produced 
from  CjHj .  PCI,,  and  bronibenzene,  or  from  PCI,  and  brombenzene  by  the  action  of  sodiom 
(H.  18,  R.  562).  It  forms,  with  bromine,  the  dibromide,  (C^H5),PBrj|,  which  b  con- 
verted by  water  or  alkalies  into  the  dihydroxide,  (CjH5),P(0I[),.  At  loo®  this  passes 
into  the  oxide,  (CjlIs^jlXD.  The  latter  melts  at  143®  and  boils  above  360®.  Tri- 
phenylphosphin-oxidc,  (C,H5)3l*0,  is  isomeric  with  phenoxyldiphenylphosphine, 
(( 'gH5)j,POCjll5.  Both  compounds,  in  vapor  density  determinations  made  with  retluced 
pressure  (i,  29),  yield  values  according  with  the  simple  molecular  formulas.  Phos- 
phorus, therefore,  in  the  first  body  is  quinquivalent,  and  in  the  second  it  is  trivalent 
(Michaelis  and  I  a  Coste,  B.  18,   21 18). 

Phenyl  Arsenic  Compounds. — Reactions  similar  to  those  used  in  obtaining  the 
phenyl  substitution  products  of  phosphorous  chloride  have  been  used  with  arsenic,  and  the 
following  bodies  have  been  obtained  :  Phenyl  arsenious  chloride,  C^H^AsCl, ;  Diphenyl 
arsenious  chloride,  (C-Hj^jAsCl ;  Triphenyl  Arsine,  (CgH5),As;  Arsenobentene, 
C5II5AS:  As.CjIIj.  (A.  20Z,  191;  207,  195;  270,  139;  B.  zg,  Z031 ;  25,  1521 ;  27, 
263). 

Triphenyl  Stibine,  (CgH5),Sb,  melting  at  48°,  is  produced  on  introducing  sodium 
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into  a  tolotion  of  40  grams  of  chlorbenzene  and  40  grams  of  antimonious  cblotide  ia 
benzene  (A.  233,  43). 

Bismuth  Triphenyl,  (C9H5),6i,  melting  at  78°,  is  prepared  by  heating  bromben- 
sene  and  bismuth  sodium  (A.  251,  324). 

Phenyl  Boron  Compounds. — Phenyl  boron  chloride^  C^H^BCl,,  melting  at  o^'  and 
boiling  at  175^  and  diphenytboron-chhride^  (CyHj),BCI,  boiling  at  271^  (B.  27,  244), 
result  from  the  interaction  of  mercury  diphenyl  and  boron  chloride. 

Phenyl  Silicon  Compounds. — Phenyl-silico-chloride,  C»H. .  SiCl,,  is  prepared 
by  heating  mercury  diphenyl  and  SiQ^  to  300^.  It  boils  at  197^  (Ladenburg,  A.  173, 
151).  Water  decomposes  it  into  silico-benzoic  acid,  C^H^ .  SiO  .  OH,  melting  at  92^. 
Alcohol  forms  the  triethyl  ether,  C^Hj.  Si(0.  CjHg),,  boiling  at  137*'.  Zinc  ethyl  con- 
verts the  chloride  into  triethyl-phenyl-siUcide,  C,H, .  Si .  (CjHj),,  boiling  at  230®. 

Tetraphenyl  Silicon,  Si((^H<)4,  is  produced  by  the  action  of  sodium  upon  a  mix- 
ture of  SiG^,  chlorbenzene,  and  ether  (B.  19,  1012).  It  melts  at  228^  and  distils 
beyond  300**. 

Phenyl  Tin  Compounds. — Mercury  diphenyl  and  stannic  chloride  interact  to  form 
Tin  Diphenyl  Chloride,  (CH5),SnCl„  melting  at  42^  (A.  194,  145). 

Tin  Tetraphenyl,  Sn(C,Hj)^,  is  produced  by  the  action  of  tin  sodium  upon  brom- 
benzene.    It  melts  at  226**  and  boils  above  420^  (B.  22,  2917). 


5.  PHENYL  METAL  DERIVATIVES  (i,   182). 

The  phenyl  group  has  been  combined  with  magnesium,  mercury,  and  lead. 

Magnesium  Diphenyl,  (C^H5),Mg,  is  a  light,  yellowish-white  powder,  dissolving 
readily  in  a  mixture  of  benzene  and  ether.  It  is  produced  on  heating  mercury  diphenyl 
with  magnesium  powder  and  some  acetic  ester  to  180-185^  (A.  282,  320). 

Mercury-phenyl,  (C^H5),Hg,  melting  at  120°,  is  formed  by  treating  brombenzene 
in  benzene  solution  for  some  time  with  liquid  sodium  amalgam  (Otto  and  Dreber,  A. 
154,  93) ;  the  addition  of  some  acetic  ether  facilitates  the  reaction.  It  crystallizes  in 
colorless,  rhombic  prisms,  and  can  be  sublimed.  It  assumes  a  yellow  color  in  sunlight. 
It  dissolves  readily  in  benzene  and  carbon  disulphide,  but  with  more  difficulty  in  ether 
and  alcohol ;  in  water  it  is  insoluble.  When  distilled  it  decomposes  for  the  most  part 
into  diphenyl,  benzene,  and  mercury.  Acids  decompose  it  with  formation  of  benzene 
and  mercury  salts.  Haloid  compounds  are  produced  by  the  action  of  the  halogens — 
e.g.t  Mercury-phenyl  chloride^  C^H^HgCl,  melting  at  250®;  mercury-phenyl  bromide^ 
CgHjHgBr,  melting^t  275® ;  mercury-phenyl  iodide,  C^H^Hgl,  melting  at  265°.  Mer- 
cury-phenyl  hydroxide,  C^HjHgOH,  is  produced  when  silver  oxide  and  alcohol  act  upon 
the  chloride  (J.  pr.  Ch.  [2]  z,  186). 

Mercury  Dialphyls:  See  A.  173,  162;  B.  14,  21 12;  17,  2374;  20,  17 19;  22, 
1220,  etc. 

Lrcad  Tetraphenyl,  (CyHg)4Pb,  is  formed  by  heating  brombenzene  with  lead  sodium 
and  acetic  ether.     It  melts  at  224®  (B.  20,  3331). 


6.  SULPHO-ACIDS. 

The  ease  with  which  sulpho-acids  are  produced  distinguishes  the 
aromatic  hydrocarbons  from  the  aliphatic  bodies  to  the  same  degree  that 
marks  their  easy  nitration.  The  introduction  of  a  sulpho-group  in  the 
place  of  aromatic  hydrogen  atoms  is  termed  "sulphonation.** 

Formation, — (i)  The  sulphonic  acids  of  the  benzene  hydrocarbons  (as 
well  as  of  other  benzene  derivatives)  are  very  easily  obtained  by  mixing 
(or  digesting)  the  latter  with  concentrated  or  fuming  sxApVvwnc^iCA^,    \w 
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this  manner  it   is  possible   to  combine  three  sulpho-groups  with  one 
benzene  nucleus : 

C,H,  -f  HO .  SO,H  =  CjHj .  SO,H  +  H,0. 

(2)  In  the  action  of  an  excess  of  chlorsulphonic  acid,  CI .  SO,OH,  the  prindpil 
pro<lucts,  with  careful  cooling,  are  the  chlorides  of  the  sulpho-acids  (B.  za,  1S48;  28, 
2172).     The  reaction  then  proceeds  in  the  following  way  (B.  aa,  R.  739) : 

c,n,  -h  asOjOH  =  ho    +  c^iij .  so,oh 

C^H^SOjOH  +  aSOjOH  =  H,SO,  -|-  CjHjSO.a. 

Sulphones  are  secondary  products  (p.  139). 

(3)  Further,  sulphonic  acids  can  be  obtained  from  the  diazo-amido-deriyatives  by 
boiling  with  sulphurous  acid  (p.  lie). 

(4)  By  the  oxidation  of  thiophenols  (p.  156).  This  reaction  proves  that  the  sulphur 
atom  of  the  sulpho-group  is  in  union  with  the  aromatic  nucleus  (compare  mercaptans) 
(1. 148). 

(5)  By  the  oxidation  of  sulphinic  acids  (p.  138). 

Properties  and  Transformations, — Many  aromatic  sulpho-acids  are  very 
soluble  in  water  and  crystallize  with  difficulty.  They  can  be  separated 
from  aqueous  solution  in  the  form  of  their  sodium  salts  by  means  of 
sodium  chloride :  salting  out  (B.  28,  91).  The  ready  solubility  of  the 
sulpho-acids,  in  conjunction  with  their  easy  production,  meets  with  an  im- 
portant technical  application  in  the  conversion  of  aromatic  dyes  insoluble 
in  water  into  their  sulpho-acids,  which  dissolve  in  water  with  ease. 

(i)  The  chlorides  of  the  acids  are  made  by  acting  upon  the  alkali  salts 
with  POCI3  and  PCI5,  and  from  the  acids  themselves  by  the  action  of 
PCI5.  The  chlorides  are  converted  into  amides,  esters,  etc.,  as  indicated 
under  the  alkyl  sulphonic  acids  (i,  152).  The  esters  of  the  sulpho- 
acids  are  transposed  by  alcohol  at  140-150°,  with  the  production  of  ethers 
(i,  133).  The  sulphonamides  are  stable  and  crystallize  well ;  they  are 
frequently  prepared  for  the  characterization  of  a  sulpho-acid. 

(2)  Hydrocarbons  (together  with  phenyl  sulphones)  are  formed  when 
the  free  acids  are  subjected  to  distillation : 

CJl5.S03H  =  C,H,  +  SO,. 

This  rupture  is  more  easily  accomplished  by  heating  the  acids  with  concentrated 
IICl  to  150°,  or  by  distilling  the  ammonium  salt  of  the  sulphonic  acid,  or  a  mixture  of 
the  lead  salt  with  ammonium  chloride  (H.  16,  1468).  The  decomposition  results  ^ith 
least  diiliculty  by  conducting  steam  into  the  dry  sulpho-acid,  or  its  solution  in  concen- 
Iraled  sulphuric  acid;  buperheated  steam  is  most  eflective  (B.  19,  92). 

(3)  The  S()./.'l  group  in  the  sulpho-chlorides  can  be  replaced  by  chlorine  through  the 
action  of  P(/]g.  In  some  sulphonic  acids  free  chlorine  and  bromine  are  capable  of  elimi- 
nating the  sulpho-group  and  introducing  the  halogens  (B.  x6,  617). 

(4)  The  sulpho-group  in  many  sulphonic  acids  is  often  replaced  by  NO,  upon  treating 
them  with  concentrated  nitric  acid. 

(5)  Anilines  result  from  the  action  of  sodamide,  NH,Na,  upon  benzene  sulphooates 
(B.  19,  903) : 

CeHg  .  SOjNa  +  NH,Na  r=  CgH^  .  NH,  +  SO.Na,. 

(6)  The  sulphonic  acids  of  the  alkyl  benzenes,  more  frequently  applied  in  the  fonn 
of  their  sulphamides,  yield  sulphocarboxylic  acids  upon  oxidation.  The  oxidation  of 
o  toluene  sulphamide  to  the  sulphinide  of  o-sulphobenzoic  acid  (see  this),  called  sa€€ka- 
riftf  is  technically  important. 
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(7)  The  chlorides  of  the  aromatic  sulpho-acids  become  thiophenols  upon  reduction : 

C;H,SO,a  4-  6H  =  C^HjSH  +  2H,0  -f  HQ. 

This  reaction,  like  that  of  the  oxidation  of  thiophenols  to  sulphonic  acids,  demonstrates 
that  in  the  sulpho-acids  the  sulphur  is  in  immediate  union  with  the  benzene  nucleus 

(8)  The  sulphonic  acids  are  not  decomposed  upon  boiling  them  with 
aqueous  alkalies.  Phenols  are  formed  when  they  are  fused  with  alkalies. 
This  reaction  serves  for  the  technical  preparation  of  resorcinol  (p.  160) 
and  other  phenols : 

C,H,.  SO,K  +  KHO  =  CjHjOH  -f  SO,K,. 

(9)  When  distilled  with  potassium  cyanide  (or  dry  yellow  prussiate  of 
potash)  nitriles  result : 

CjHj.  SO,K  +  CNK  =  C^Hj .  CN  +  SO,K^ 

and  these  may  be  readily  saponified  to  carboxylic  acids.     This  reaction 
answers  for  the  synthesis  of  aromatic  acids  from  the  hydrocarbons. 

(10)  Carboxylates  are  also  obtained  on  fusing  the  alkali  sulphonates  with  sodium 
formate. 

Monosulphonic  Acids. — Benzene  Sulphonic  Acid,  C^H^ .  SO,H,  melting  at  50^, 
crystallizes  from  water,  in  which  it  is  exceedingly  soluble,  in  plates  containing  water  of 
crystallization. 

The  barium  salt,  (C^H^ .  SO,),6a  -\-  H^O,  forms  pearly  leaflets,  and  is  sparingly 
soluble  in  alcohol. 

The  chloride,  C,H. ,  SO,Cl,  melts  at  14.5**,  boils  at  Ii6®  (B.  25,  2257),  and  has 
specific  gravity  of  1.378  at  23^.  It  slowly  reverts  to  the  acid  upon  boiling  with  water. 
'l*he  fihyl  ^j/^,  boiling  at  156*^  (15  mm.),  obtained  by  the  action  of  ethyl  alcohol  on  the 
chloride,  is  decomposed  mto  benzene  sulphonic  acid  and  ethyl  ether  (i,  133)  when  it  is 
heated  to  150^  with  ethyl  alcohol. 

Benzenesulphamide,  C^H. .  SO,  .  NH,,  melts  at  150°. 

Benzene  Sulpho-nitramide,  CgHgSO,NUNO„  consists  of  colorless  plates,  readily 
soluble  in  water.  It  decomposes  at  100*^  into  benzene  sulphonic  acid  and  nitrous  oxide. 
It  is  formed  when  a  mixture  of  nitric  and  sulphuric  acids  acts  upon  benzenesulphamide. 
Its  potassium  salty  CjHgSOjNK  .  NO,,  mehs  at  275**,  and  when  reduced  by  glacial 
acetic  acid  and  zinc  dust  becomes  benzent  sulpkon-hydratide^  CgH^SOjNH  .  NH,.  The 
sulphamide  and  nitrous  acid  yield  dibtnzene  sulphon-hydroxylamine^^^Z^^^^^OYiy 
which  can  also  be  made  by  the  interaction  of  benzene  sulphinic  acid  and  sodium 
nitrite;  with  diazobenzene  chloride  the  product  is  bcnzene-sulphodiazobenzene  amide^ 
C^HjSOjNH  —  N  =  N .  CgHj,  melting  with  decomposition  at  loi®  (B.  27,  598). 

Benzsulph-hydrozamic  Acid,  C^H^SO, .  NHOH,  melting  at  126^,  is  obtained  from 
benzene  sulphochloride  and  hydroxylamine.  Alkalies  decompose  it  into  benzene  sul- 
phinic acid  and  hyponitrous  acid  (B.  29,  1559,  2324) : 

2C,H,S0,NH0H  4-  2KOH  =  2C,H6SO,K  -f  (NOH).  -f  2H,0. 

Toluene  Sulphonic  Acids. — In  sulphonating  toluene  o-  and  p-acids  are  the  chief 
products.  The  o-acid  can  be  obtained  from  p-tolylhydrazine-o-sulphonic  acid  free  from 
thep-acid.  The  m-acid  is  obtained  from  p-toluidine-m- sulphonic  acid,  o- Toluene  Sulpho- 
chloride is  a  liquid.  o-Toluene-sulphamide  melts  at  155°  (see  o-sulphobenzoic  acid). 
m-Toluene-sulphonic  Acid^  CH,[l]C,H^[3]SO,H -f  H,0;  its  chloride  is  a  liquid; 
its  amide  melts  at  107°.  ^-Toluene-sulphonic  Acid,  C:H,[i]C,H4[4]S03H -j- 4H,0, 
melts  at  92° ;  its  chloride  melts  at  69^  and  boils  at  145°  (15  mm.) ;  its  bromide  melts  at 
96**,  its  iodide  at  84**,  and  its  amide  at  137®.  Ditoluene  sulph-hydroxamic  acid^ 
(CfH,.  SO^^NOH,  melts  with  decomposition  at  148^.    It  lesuVXs  itom  ^«  «£.>aqu  q\ 
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sodium  nitrite  apon  tolnene-sulphinic  acid.  It  combines  with  an  additional  molecnleof 
the  sulphinic  acid  to  Dritolutne  SuiphonamitU^  (^^  •  ^0,),N,  melting  at  190**  (J.  pr. 
Ch.  [2]  54,  95). 

Xylene  Sulphonic  Acids. — i;2-XyUne-^'Suipkonic  Acid;  its  thloride  melts  at  51°, 
\\%amidt  at  144^.  I  ^yXy lent -^-sulphonic  Acid\  its  chloride  melts  at  54^  and  its  amiii 
at  137**-  1, 3- Xy/cne-2-suJpAoMic  Acid:  its  amide  melts  9igs^.  lA-Xyiene-ysuipkonu 
Acid:  its  chloride  melts  at  25°  and  its  amide  at  247*^.  They  result  upon  solphooating 
the  various  xylenes. 

\\,2y^\Pieudocumenel'5ulphonic  Acid,  (CH,),C,H,SO,H  +  2H,0,  melts  at  III". 
Its  chloride  melts  at  61  <^  and  the  amide  at  l8i°.  Mesitylene  Sulphonic  Acid^ 
C-H„SO,  -I-  211,0,  melts  at  77°,  its  chloride  at  57**,  and  its  amide  at  141''. 

SO  H 

Polysulphonic  Acids, — Benzene -disulphonic  Acids,  ^H4<co'h*    ^    heating 

l)enzene  with  fuming  sulphuric  acid  to  200^  C,  we  get  meta-  and  ^ra-benzene  disul- 
phonic acids,  with  the  former  in  predominating  quantity,  but  by  prolonged  heatiog  it 
pasi>es  into  the  /^/ra-variety  (H.  9,  550).  il^/a -disulphonic  add  (1,3)  is  produced  fitxn 
disulphanilic  acid  (p.  137)  by  means  of  the  diazo-compound. 

Orthobenzene  disulphonic  acid  is  formed  from  meta-amidobenzene  sulphonic  acid  bj 
further  introduction  of  the  sulpho-group,  and  replacement  of  NH,  by  hydrogen.  The 
melting  points  of  the  sulpho- chlorides  and  sulpbunides  of  the  three  isomeric  disulphooic 
acids  are : 

Ortho.  MeU.  Para. 

C,H,(SO,Cl),  1050  630  1320 

C,H,(SO,Nll,),  2330  2280  2880. 

The  corresponding  dicyanidcs^  C,H4(CN),,  the  nitriles  of  the  three  phthalic  acids,  ire 
obtained  by  distillation  with  potassium  cyanide  or  potassium  ferrocyanide.  When  fused 
with  potassium  hydroxide^  both  mcta  and  para  acids  yield  resorcinol  (metadioxyben- 
/ene) ;  at  lower  temperatures  metaphenol-sulphonic  acid,  CjH4(OH)SO,H,  results  at  first 
from  both  acids. 

Benzene-trisulphonic  Acid,  Cfn3(SO,H),(  1,3,6),  is  easily  made  by  heating  potis- 
sium  m-l)enzene  disulphonate  with  common  sulphuric  acid  (B.  21,  R.  49).  The  free  acid 
(from  the  lead  salt)  crystallizes  in  long  needles  with  3H,0 ;  its  chloride  melts  at  184", 
its  amide  at  306°.  Fused  with  caustic  potash  it  yields  phhroglucin,  C^li,(OII)p  and 
upon  heating  with  potassium  cyanide  it  forms  the  nitrile,  which  upon  saponification 
becomes  trimesic  aiid,  C-H3(COjIl)j. 

Toluene  Disulphonic  Acids. — The  six  possible  isomerides  are  known  (B.  ao,  350; 
29,  R.  868).     Xylene  Disulphonic  Acids  (B.  25,  R.  790). 

Chlor-,  Brom-,  lod-,  lodoso-,  Nitro-,  Nitroso-,  and  Amido- 

benzene  Sulphonic  Acids. — The  chlor-,  brom-,  and  iod-benzene 
sulphonic  acids  are  prei)ared  from  the  three  amidobenzene  sulphonic  acids 
by  means  of  the  diazo-reaclions  (B.  28,  90).  p-Compounds  are  the  prin- 
cipal products  in  the  sulphonation  of  chlor-  and  brom-benzenes.  In 
nitrating  Ix-Mizene-sulphonic  acid  and  sulphonating  nitro-benzene  the  three 
isomeric  nitro-bcnzene-sulphonic  acids  are  produced  with  the  m-deriva- 
tives  in  predominating  quantity  (A.  177,  60). 

The  following  table  contains  the  melting  points  of  the  chlorides  and  amides  of  the 
acids : 


Chlorsulpho-  .  .  .  . 

Hromsulpho-  .  .  .  . 

lodsulpho-  .  .  .  . 

Nitrosulpho-  .  .  .  . 


Ortho. 


Chloride. 

28° 

510 
670 


Amide. 
I88<> 
l86« 
170® 
i86« 


Mbta. 


Chloride. 
Oil 
Oil 
23® 
600 


Amide. 

154*^ 
152® 
i6i« 


Para. 


Chloride. 
Oil 


Amide. 
143* 

1830 
181° 
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^lod'ehhride-himim  sulpkochhride,  ia,[2]C,H.[i]S0,a,  melting  at  60°,  is  con- 
Terted  bjsodiiim  hydxoxide  into  iodoso-bensene-iulphontc  acid  (B.  a8,  95). 

The  oompotinds  fesoltmg  from  the  action  of  hydriodic  acid  upon  the  nitrobenzene- 
•ulpho-chlondes,   C^H4(NO,)S02Cly    and    formerly    regarded    as    sulphimidobentenes^ 

C;H^<^>,  represent    niirodipheuyUisulphidei^   (C^H^ .  NO,),S,    (B.    ax,    1099). 

TCL-NitroscSentem-sulpkomc  Acid  (B.  25,  75). 

Amidobensene-sulphonic  Acids.— The  tliree  acids  are  produced  by  the  reduction 
of  the  three  nitrobenxene  sulphonic  acids.  On  sulphonating  aniline  at  180°  with  fuming 
sulphuric  acid  (8-10  per  cent.  SO,),  the  p-derivative  constitutes  the  chief  product.  It  is 
suiphanilic  acid^  important  in  the  technology  of  dyes,  and  was  discovered  in  1845  by  Ger- 
hardt.  The  second  sulpho-group  enters  die  o-position  with  the  formation  of  i-aniline- 
2.^-dindphonic  acid  or  disulphaniiic  acid;  a  trisulphonic  acid  has  not  been  produced 
(B.  83,2143).     The  amidobenzene-sulphonic  acids,  X^^  glycpcoll  (i,  354)  and  taurine 

/SO.O 
(i,  306)  can  be  regarded  as  cyclic  ammonium  salts :  ^fH^C^^^ J 

The  three  amido-benzene  sulphonic  acids  dissolve  with  diflficulty  in  water,  alcohol, 
and  ether.  The  (ortho)-acid  either  crystallizes  in  anhydrous  rhombohedra  or  in  four- 
sided  prisms  containing  >^H,0;  these  do  not  effloresce.  It  is  best  prepared  by  the 
reduction  of  p-broro-aniline-o-sulphonic  acid  (B.  a8,  R.  751 ;  ag,  1075).  The  (1,3)- 
acid,  called  metanilic  acid,  and  also  important  in  the  technology  of  dyes,  crystallizes 
in  delicate  needles  or  in  prisms  with  i^U,0,  which  effloresce. 

Suiphanilic  Acid  crystallizes  from  hot  water  in  rhombic  plates  with  I  molecule 
H,0;  these  effloresce  in  the  air.  They  are  soluble  in  112  parts  H,0  at  15^  (B.  14, 
1933)*  It  yields  a  considerable  quantity  of  quinone  when  oxidized  with  MnO,  and 
HfSO^  or  chromic  acid.  It  yields  aniline  and  not  amidophenol  when  fused  with  caustic 
potash ;  unlike  its  isomerides  it  is  readily  converted  by  bromine  water  into  tribromani- 
line  (B.  29,  R.  309). 

The  sodium  amido-benzene-solphonates  yield  acetyl  derivatives  with  acetic  anhydride 
(B.  17,  708),  whereas  the  free  acids  are  not  in  condition  to  do  this.  This  fact  argues  for 
the  ammonium  salt  formula  of  the  three  acids. 

Diasobenxene-sulphonic  Acid  Anhydrides,  Cyclic  Diazides. — Nitrous  acid 
transforms  the  three  amido-benzene-sulphonic  acids  into  the  anhydrides  of  the  diazoben- 
tene-sulphonic  acids  : 

<^»«<^6h"  C.H.<g'>0 

Dtazobenzene-sulphonic  Acid  Anhydride. 

The  hydrated  sulpho-acids  are  not  known ;  they  pass  at  once  into  anhydrides.  The 
di-p&tassium  and  the  di-sodittm  salts  of  the  o-  and  p-diazobenzene  sulphonic  acids, 
C0H4(SO,Me)(N,OMe),  exist  each  in  two  forms,  one  of  which  belongs  to  the  normal 
and  the  other  to  the  iiodiazo-series  (p.  loi).  The  iso-salh  are  produced  on  digesting  the 
normal  salts ;  they  give  up  nitrogen  less  readily  and  do  not  combine,  or  at  least  with  diffi- 
culty, with  aromatic  amines  or  phenols,  to  yield  azo-dyes  (B.  29, 1059, 1388).  Primary 
Potassium  Isodiazosulphonate^  C,H4(SO,K)N,OH  -f  H-O,  results  on  treating  the  corre- 
sponding dipotassium  salt  with  acetic  acid  (B.  28,  1386).  A  bleaching  lime  solution 
oxidizes  the  diazide  of  suiphanilic  acid  to  the  compound  C,H4(S0,H)N,0,II,  which 
must  probably  be  regarded  as  an  oxynitramine,  C^H4(SO.H)N(OH)NO,  (B.  29,  2948). 

It  is  rather  remarkable  that,  while  otherwise  it  is  only  the  ortho-compounds  of  the 
benzene  di-derivatives  which  form  inner  anhydrides,  all  three  of  the  diazobenzene  sulpho- 
acids  are  capable  of  anhydride  formation.  They  exhibit  aJl  of  the  reactions  of  the 
diazo-  compounds. 

The  diatide  of  suiphanilic  acid^  p-diazobenzene-sul phonic  acid,  consists  of  sparingly 
soluble,  white  needles;  heated  with  absolute  alcohol,  it  forms  benzene-sulphonic  acid ; 
with  water  the  diazo-acid  becomes  p-phenol-sulphonic  acid ;  while  with  potassium  sul- 
phide the  di-potassium  salt  of  p-thiophenolsulphonic  acid  results. 

Amido-axo-benzene-sulpbonic  Acids. — The  diazides  ot  va\v^«K^vc  «^^\^  vsv\ 
metMDMlic  acid  are  used  in  the  manu/acture  of  sulpkuriud  aw-dyti :    'Wa  ^t^X^ffoa^  ^V 
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this  great  class  of  dyes  has  received  mention  (p.  114);  it  comprises  the  amido^iO'  ' 
compounds,  which  are  insoluble  or  dissolve  with  difficulty  in  water.  Upon  introdudog 
the  sulpho-group  into  the  amido-azo-derivatives  it  will  be  discovered  that  the  solnbilitj  in 
general  increases  with  the  number  of  sulpho-groups.  The  alkali  salts  of  the  amido-aio- 
benzene-sulphonic  acids  constitute  the  dyes  soluble  in  water.  We  shall  meet  with  other 
groups  of  azo-dyes  when  we  study  the  phenols:  oxyazo-conipaunds.  The  naphtkaUne- 
azo  compounds  and  the  hentidine-dyes,  containing  the  diphenyl  residue,  are  eqiedilly 
important. 

Arbitrary  names  are  assigned  these  dyes,  with  the  addition  of  the  letters  Y  (yellow) » 
O  (orange),  and  R  (red),  whose  number  approximately  expresses  the  intensity  of  the 
color.    They  color  wool  and  silk  directly,  cotton  after.it  has  been  mordanted. 

Formation. — (i)  The  amido-azo-bodies  are  sulphurized.  (2)  The  diazides  of  sul- 
phonic  acids  are  combined  with  bases. 

Upon  sulphonating  amido-azobenzene  there  results  a  mixture  of  amido-azobeniene 
mono-  and  di-sul phonic  acids,  known  in  commerce  under  the  names  acid  yellow  or  pure 
yrliaw:  SOjHUlCjH.CON  =  Nri']C,HJ4^NH,  and  SO,H[4]CLH,[l]N  =NrV]- 
<^6H|[4^]^^^[3^J^t^^  (^*  23*  ^7)-  Being  amido-bodies  the  sulpho-acids  are  tbem- 
selves  capable  again  of  diazotizing  and  combination,  whereby  very  valuable  dyes  hate 
been  obtained  (compare  Biebrich  scarlet). 

The  following  azo-dyes  have  been  made  by  combining  the  diazide  of  sulphanilic  add 
with  dimethylaniline  and  diphenylamine,  and  the  diazide  of  metanilic  add  with 
diphenylamine : 

\i/\Dimetkylamido-azo-benzene'\ji\-sulph<fHic  add,  SO,H[4]C;H4[i]N  =  Nri]C,- 
H4[4^JN(CH,)'„  melting  at  iia*',  consists  of  golden-yellow  leafleU  (B.  10,528;  la, 
1490).  Its  sodium  salt,  as  a  dye,  bears  the  names  tropaoline  O,  orange  III,  and 
hclianthine.  It  serves  as  a  delicate  indicator  in  alkalimetry ;  mineral  acids  convert  the 
alkaline  orange-colored  solution  into  a  rose-red.  CO,,  H,S,  and  acetic  acid  do  not  act 
on  it  in  the  cold  (Ch.  Z.,  vi,  1249;  B.  18,  3290).  By  reduction  helianthine  yields 
sulphanilic  acid  and  para-amido-dimethyl  aniline  (p.  95). 

\j^^\ Phenylamidoazobenzcne\j^\5ulpkonic  Acid,  SOjH[4]C,H^[l]N  =  N[l]C,H^- 
[4^]NHCqHj.  Its  sodium  salt  dyes  wool  and  silk  a  beautiful  orange,  and  as  a  dye  is 
known  by  the  names  tropiioline  OO,  orange  IV.  It  is  used  as  an  indicator  in  alka- 
limetry (B.  16,  1989).  By  decom{X)sition  it  yields  sulphanilic  acid  and  p-amido-diphenyl- 
amine. 

\j^'\PhenylamidoazobeHzene\'^-5ulphonic  Acid  is  formed  from  metanilic  acid  and 
bears  the  name  metanil yellmv. 

Phenylhydrazine  Sulphonic  Acids  are  produced  upon  reducing  the  diazides  of 
aniline  sulphonic  acids  with  sodium  sulphite  or  stannous  chloride  (B.  22,  R.  2l6),  and 
by  the  direct  action  of  concentrated  sulphuric  acid  upon  phenylhydrazines  (B.  18, 3172). 

Phenylhydrazine-p-sulphonic  Acid,  C^H^ .  (NH .  NH,)S05H,  is  not  readily  solu- 
ble in  water.     It  is  used  in  the  preparation  of  tartrazine  (vol.  I),  having  the  following 
N— NHCjH^SOjNa 
li 
constitution  :  CO,NaC  —  C  —  CO 

N NC,H^SO,Na. 

Hydrazobenzene-m-distilphonic  Acid,  S03H[3]C,H^[i]NH  —  NHri]C,H^[3']SO,H. 
has  been  prepared  by  the  reduction  of  m-nitrobenzene  sulphonic  acid,  and  is  converted 
into  benzidine  disulphonic  acid  by  hydrochloric  acid  (B.  21,  R.  323;  23,  1053). 

Sulphinic  Acids  (compare  i,  153). — Formation:  (i)  By  the  action  of  zinc  dust 
upon  the  ethereal  solution  of  the  sulphonic  acid  chlorides ;  (2)  from  the  latter  and  thio- 
phenol  salts : 

CjHjSOjCl  +  zC^HjSNa  =  C^H^SO^Na  +  NaQ  -f  (C^HsS),; 

(3)  from  SO,  and  benzene  in  the  presence  of  aluminium  chloride  (B.  20,  195) ;  (4)  by 
the  action  of  sodium  upon  the  sulphones  (B.  26,  2813) ;  (5)  by  the  decomposition  of  the 
benzene  sulph-hydroxamic  acids  (p.  135). 

Deportment.— 'Wit  sulphinic  acids  are  not  very  stable,  and  when  heated  with  water, 
spWi  up  into  su)phonic  acids  and  disulphoxides. 
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The  air  and  oxidizing  agents  (especially  BaO,)  convert  them  into  sulphonic  acids. 
Their  salts  unite  with  sulphur,  forming  thiosulphonates.  When  fused  with  alkalies,  they 
decompose  into  benzenes  and  alkaline  sulphites. 

Benzene  sulphinic  acid  and  quinone  unite  to  MiiSjm.-^-dioxydiph€nybulpk(met  (HO),- 

[^»5]S^>[']^sS(^>  (^'  ^7'  3^59) '  ^^  ^'^  reacts  with  a  number  of  other  substances 
containing  qumoid  fmkages  (compare  B.  29,  2019). 

Their  alkali  salts  and  alkyl  iodides  yield  mixed  sulphones,  and  with  chlorcarbonic 
esters  they  form  the  real  sulphinic  esters  (B.  a6,  308,  430) : 

C;HjSO,Na  +  aCOjCjHj  =  CjHj.  SOOCjHj  +  NaCl  -f-  CO,. 

Bensene  Sulphinic  Acid,  CjHj .  SO .  OH,  melts  at  83®.  Zinc  Salt,  (C;H5S0,),- 
Zn  -f  2H,0.     Ethyl  Ester,  sp.  gr.  1.141  (20**),  decomposes  when  it  is  heated. 

o-Toluene  Sulphinic  Acid,  C;H4[i](CH,)[2]SOOH,  melu  at  8o*»  (J.  pr.  Ch.  54, 
517). 

Benzene  Thiosulphonic  Acid. — Its  salts  result  from  the  chloride  of  benzene  sul- 
phonic acid  and  alkali  sulphides,  as  well  as  from  the  interaction  of  benzene  sulphinates 
and  sulphur  (B.  25,  1477). 

Disulphoxides  or  Esters  of  the  Thiosulphonic  Acids. — Alhylesien  and  alkyUn 
esters  of  benzene  thiosulphonic  acid  result  from  the  interaction  of  the  potassium  salt  with 
the  corresponding  bromides  (B.  25,  1477). 

Phenyl  esters — e.g,,  C^H^.  SO,.  S.d^Hj — are  obtained  (l)  by  oxidizing  the  thio- 
phenols  with  nitric  acid,  and  (2)  by  heating  the  sulphinic  acids  with  water  to  130°. 

Benzene  Disulphozide,  C,H. .  SO, .  S  .  C^H^,  melting  at  45^,  is  insoluble  in  water, 
but  dissolves  readily  in  alcohol  and  ether  (B.  20,  2090). 

Sulphobenzene  Sulphide,  (C^H5S02),S,  melting  at  133°,  and  Sulphobenzene 
Disulphide,  (C9H5SO,),S,,  meltmg  at  76^,  result  from  the  action  of  iodine  and  of 
chlorine  upon  potassium  oenzene  thiosulphonate  (B.  24,  1141). 

Diphenylsulphozide,  Thionyl  Benzene,  (C^H(),SO,  melting  at  70*',  is  produced  by 
the  action  of  SO,  or  SO,Cl,  upon  benzenes  in  the  presence  of  AlCl,  (B.  20,  195  ;  27, 
2547).     Potassium  permanganate  oxidizes  it  to  diphenyl  sulphone. 

Diphenylselenium  Oxide,  (CgHj),SeO,  has  been  prepared  by  oxidizing  diphenyl- 
selenide  (see  this),  or  from  the  dibromide  of  the  latter  (B.  29,  424). 

Sulphones. — ^The  alkylalphyl  sulphones  are  isomeric  with  the  esters  of  the  alkyl 
sulphinic  acids.  They  result  from  the  sodium  sulphinates  and  the  alkylogens.  The 
purely  aromatic  sulphones  are  obtained  (l)  by  the  action  of  SO,  or  chlorsulphonic  acid 
upon  benzenes  (together  with  sulphonic  acids),  2C,H-  -f  SO,  =  (CglljjjSO,  -f  H,0 ;  (2] 
by  the  distillation  of  sulphonic  acids  (together  with  benzenes);  (3)  by  the  oxidation  of 
the  phenyl  sulphides ;  (4)  on  heating  benzene-sulphonic  acids  with  benzenes  and  Vfi^ ; 
(5)  by  the  action  of  zinc  dust  or  aluminium  chloride  upon  a  mixture  of  the  sulphonic 
chlorides  and  benzenes : 

C,H.SO,Cl  +  C,H,CH,->  cH,[i]C;i?l:4J  }  SO,-f-  q.H,  +  CH,[l]C,H,[4]SO,Cl. 

The  same  phenyl  p-tolyl-sulphone  results  from  benzene  sulphonic  acid  and  toluene  as 
from  p  toluene-sulphonic  acid  chloride  and  benzene,  which  would  prove  that  both  groups 
are  in  union  with  sulphur  and  that  the  latter  is  sexrvalent  (B.  xz,  2181) ;  (6)  oxy-  and 
amido-substituted  sulphones  result  from  the  union  of  sulphinic  acids  with  quinone-  and 
quinone-imide  derivatives  (B.  29,  2024). 

Phenylethyl  Sulphone,  C^HjSOjCjHj.  melts  at  42®  and  boils  above  300®.  Phenyl- 
ethyl  Sulphone  Alcohol,  CgHj .  SO, .  CH,.  CH,OH,  is  a  syrup  formed  from  ethylene 
chlorhydrin  and  sodium  benzene  sulphinate,  as  well  as  by  the  action  of  concentrated 
sodium  hydroxide  upon  ethylene  diphenyl  disulphone,  CgHjSO,  .  CH,  .  CH,  .  SO, .  CLHj, 
melting  at  180®.  Aenyl  sulphone  ethyl  alcohol  upon  oxidation  yields  phenyl  sulphone 
acetic  acid,  C,H5SO,CH, .  CO,H,  melting  at  1 12®;  caustic  potash  resolves  this  into 
CO,  and  phenyl  methyl  sulphone,  C,Hj  .  SO,  .  CH„  melting  at  88®.  The  hydrogen  of 
the  CH,-group  in  the  esters  of  phenyl-sulphone  acetic  acid  is,  indeed,  replaceable  by 
sodium,  hut  not  by  alkyls  (B.  22,  1447;  33,  1647).  Phenyl  AUyl  Suf^Rone,  C^- 
SO,  .  C,H^,  IS  aD  0}}  (A,  283,  l8s). 
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The  a-  and  ^phenyl-salpbofie  propionic  addi,  melting  it  115^  and  123^  (B.  si,  89), 
as  well  as  numerous  other  mixed  fatty-aromatic  snlphoDCS  of  the  greatest  ▼8rietj,hafc 
also  been  prepared.     The  phenyl  groups  have  also  been  replaced  by  tolyl  groups. 

Diphenylsulphone,  (C;H^1,S0^  Beiuene  Sulpkone^  Smipkobnuide^  melting  at  129^ 
and  boiling  at  276^,  is  formed  by  the  distillation  of  betueene  sulpbooic  acid,  ai^  by  the 
oxidation  of  phenyl  sulphide,  f C,H^)|S,  and  diphenyisuIpJUxide  (see  above) ;  further, 
from  benzene  sulphonic  chloride,  C^H^ .  SO,Cl,  and  mercury  di^enyl,  as  well  as  from 
benzene  and  benzene  sulphonic  chloride  or  sulphuryl  chloride  with  iduminium  chloride 
(B.  26,  2940).  It  is  also  obtained  by  the  action  of  fuming  sulphuric  acid  or  S0|  opoo 
benzene.  It  is  converted  into  benzene-sulphonic  acid  when  digested  with  ooncentiated 
sulphuric  acid.  When  heated  with  PCl^,  or  in  a  current  of  chlorine  gas,  it  is  decom- 
posed into  chlorbenzene  and  the  chloride  of  benzene  sulphonic  acid. 

With  sulphur  or  selenium  it  forms  the  diphenylsulphone :  Dipkenybulpkide  or 
diphenvheUnidt  (B.  ay,  1761).  Sodium  converts  it  into  sodium  benzene  solphinate  and 
diphen'yl  (B.  a6,  2813).  Diphenyl  SeUnone^  {C^HjIgSeO,,  melting  at  155®  and  boiling 
at  271°,  results  on  oxidizing  diphenyl  selenium  oxide  with  potassium  pennanganalc 
(B.  29,  424). 

7.  PHENOLS. 

The  phenols  are  derived  from  the  aromatic  hydrocarbons  by  the  re- 
placement of  hydrogen  of  the  benzene  residue  by  hydroxyl.  The 
phenols,  like  the  alcohols,  are  distinguished  as  mono-,  di-,  and  trihydric, 
according  to  the  nimiber  of  hydroxyl  groups  which  have  entered.  All  of 
the  six  hydrogen  atoms  in  benzene  can  be  substituted  by  hydroxyl 
groui>s.  'I'he  phenols  corresi>ond  to  the  tertiary  alcohols,  as  they  yield 
neither  acids  nor  ketones  upon  oxidation.  Their  acid  nature,  dis- 
tinguishing them  from  alcohols,  is  governed  by  the  more  negative  nature 
of  the  phenyl  group,  and  is  enhanced  by  the  entrance  of  more  negative 
groups  (see  picric  acid,  p.  150).  In  contrast  to  the  phenols  the  aromatic 
alcohols,  which  are  their  isomerides,  and  have  hydrogen  of  the  side-chains 
replaced  by  hydroxyl,  ai^proach  the  aliphatic  alcohols  in  their  deport- 
ment. 

Various  representatives  of  the  phenols  have  been  found  in  the  vegeta- 
ble kingdom. 


Some  of  them  occur  already  formed  as  phenol -sulphonic  acids  in  the  urine  of  1 
malia.  In  the  organism  of  the  latter  many  organic  bodies  are  oxidized  to  phenols: 
benzene  to  phenol,  brombenzene  to  bromphenol,  aniline  to  amidophenol,  phenol  to 
hydroquinone.  In  the  decay  of  albumin  the  presence  of  phenols  has  also  been  estab- 
lished. 

^     Phenols  are   produced    in   the  dry  distillation  of  wood,  particularly 
beech-wood,  turf,  bituminous  coal  (B.  26,  R.  151),  and  anthracite  coal. 

To  isolate  the  phenols  from  coal  tar  shake  the  latter  with  caustic  alkali  in  which  they 
are  soluble.  Acids  lilierate  them  from  this  solution,  and  then  they  can  be  purified  l^ 
fractional  distillation. 

MONOHYDRIC  PHENOLS. 

In  addition  to  the  methods  of  formation  just  given,  the  following  are 
worthy  of  note  : 

(i)  The  decomposition  of  the  diazo-derivatives,  especially  their  suU 
phates,  with  boiling  water  (p.  105). 
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(3)  Fusion  of  the  salphonic  acids  with  potassium  or  sodium  hydroxide. 
This  reaction  was  discovered  in  1867  by  Kekul^,  WOrtz,  and  Dusart, 
independently  of  each  other : 

C;H. SO|K  +  KOH  =  C;H,.  OH  +  SO.K,. 

In  practice  thb  method  is  used  to  obtain  phenols  from  sulphoacids,  the  operation 
beifltf  cairied  out  in  iron  vesseb. 

Tne  experiment  in  the  laboratory  is  executed  in  a  silver  or  nickel  dish,  the  fusion 
sapersaturated  with  sulphuric  acid,  and  the  phenol  extracted  by  shaking  with  ether. 

In  fusing  sulphonic  acids  or  phenols  containing  halogens,  the  latter  are  also  replaced 
with  fonnation  of  polyhydric  phenols.  Occasionally  the  sulpho-group  splits  off  as  sul- 
phate and  is  replaced  by  hydrogen ;  thus,  cresolsulphonic  acid  yields  cresol. 

(3)  The  halogen  benzene  substitution  products  do  not  react  with  alkalies ;  but  if 
nitro-groups  are  present  at  the  same  time,  the  halogens  are  replaced  even  by  digesting 
with  aqueous  alkalies-^this  will  occur  the  more  readily  if  the  nitro-groups  be  multiplied. 
In  this  respect  they  approach  the  acid  chlorides  : 

C;H,(NO,),a  +  H,0  =  C,H,(NO,)jOH  +  HQ 
Picryl  Chloride  Picric  Acid. 

(4)  The  amide-group  in  the  nitroamido^lerivatives  can  also  be  replaced  by  hydroxyl 
on  boiling  with  aqueous  alkalies;  ortho-  and  para-nitranilines,  CqH^(N02)  .  Nil,  (not 
meta),  yield  their  corresponding  nitrophenols.  The  ortho-dinitro-products  react  simi- 
larly (p.  67). 

(5)  Small  quantities  of  phenol  can  be  obtained  from  benzene  by  the  action  of  ozone, 
hydrogen  peroxide  (palladium  hydride  and  water),  and  by  shaking  with  sodium 
hydroxide  and  air  (B.  14,  1 144).  By  the  addition  of  oxygen  to  benzene  through  the 
instrumentality  of  aluminium  chloride. 

(6)  By  the  breaking  dmvn  of  phenol  carboxylic  acids,  when  their  salts  are  subjected 
to  dry  distillation  with  lime. 

(7)  The  synthesis  of  the  higher  phenols  by  introduction  of  alkyls  into 
the  benzene  nucleus  takes  place  readily  on  heating  the  phenols  with 
alcohols  and  ZnClt  to  200°  (B.  14,  1842;  17,  669;  27,  1614;  28,  407): 

C.Hg.  OH  -h  (CH,),CH  .  CH,  .  OH  =  (CH,),CH[4]CjlI,[i]0n. 

Alkyl  ethers  of  the  phenols  are  simultaneously  produced ;  methyl  alcohol  yields 
methyl-phenol  C^H^.O.CH,.  Magnesium  chloride  (B.  16,792)  and  primary  alkali 
sulphates  (B.  16,  2541)  possess  the  same  condensing  power  as  ZnCI,. 

(8)  Phenols,  under  the  influence  of  concentrated  sulphuric  acid,  take  up  unsaturated 
hydrocarbons — ^.^.,  isoamylene — and  form  alkyl  phenols  (B.  25,  2649). 

Deportment :  Replacement  of  the  Hydrogen  Atoms.  — ( i )  The  character 
of  the  phenols,  recalling  the  acids,  expresses  itself  in  the  ease  with  which 
they  form  salts,  particularly  with  the  alkalies.  The  hydrogen  of  the 
hydroxyl  group  is  also  readily  replaced  (2)  by  alcohol  radicals  and  (3) 
by  acid  radicals.  (4)  The  presence  of  an  hydroxyl  group  in  the  place 
of  an  aromatic  hydrogen  atom  renders  more  easy  the  substitution  of 
other  hydrogen  atoms  by  chlorine,  bromine,  and  the  nitro-group. 

(5)  The  phenols  unite  with  the  diazo-compounds,  forming  azo-  and  diazo-dyes :  oxy- 
azo-derivatives  (p.  155). 

(6)  Color  Reactions  of  the  Phenols. — On  adding  phenols  (mono-  or  polyhydric)  to  a 
solutkm  of  KNO,  (6  per  cent.)  in  concentrated  sulphuric  acid,  intense  colorations 
arise;  with  common  phenol  we  get  first  a  brown,  then-  green,  and  finally  a  royal -blue 
color  (Reaction  of  Liebermann)  (see  B.  17,  1875).  Dyes  are  produced  \n  \Vi\s maxvTiet  \ 
their  character  is  as/irt  uaexplained.     Thcj  htLwe  been  called  dichtolnes  (^B.  %\«  %V)S* 
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The  phenols  afford  similar  colors  in  the  presence  of  solphnric  add,  with  diaio- 
compounds.  and  nitroso-deriyatives.  Ferric  chloride  imparts  color  to  the  solntioos  of 
most  phenols.  Mercury  nitrate,  containing  nitrons  add,  colors  nearly  all  the  phcDoU 
red  (reaction  of  Plugge)  (B.  23,  R.  202). 

Replacement  of  the  Hydroxyl  Group. — (7)  When  heated  with  xinc 
dust  the  phenols  are  reduced  to  hydrocarbons. 

(8)  The  oxygen  of  the  simple  phenols  is  not  very  easily  replaced  by 
chlorine  when  phosphorus  pentachloride  acts  upon  them.  Phenol  itself 
has  given  the  body,  CeHjOPCl*  (p.  147).  The  pentachloride  acts  with 
greater  ease  upon  the  nitrophenols,  forming  nitro-chlorbenzenes. 

(9)  I'hosphorus  sulphide  converts  the  phenols  into  thio-phenols. 

{lod)  The  anilines  result  on  heating  with  zinc  ammonium  chloride  (compare  p.  72). 
(10^)  In  the  alcohol-ethers  of  the  nitro-phenols  (as  with  the  add  esters)  we  can 
replace  the  OH  by  NH,,  on  heating  with  alcoholic  ammonia. 

(11)  For  the  oxidation  of  the  alkyl  residues  of  homologous  phenob  see  p.  143. 

Nucleus-syntheses, — (i)  Compare  methods  7  and  8  (p.  141),  upon  the 
replacement  of  the  aromatic  hydrogen  atoms  of  the  phenols  by  alkyl 
groups. 

(2)  The  alkali  salts  of  the  phenols  are  converted  by  carbon  dioxide,  at 
higher  temixiratures,  into  the  alkali  salts  of  oxy-dLCids— phenol  carboxylic 
acids  (compare  salicylic  acid). 

(3)  The  phenols  also  yield  phenol  carboxylic  acids  with  carbon  tetra- 
chloride and  sodium  hydroxide. 

(4)  Oxyaldehydes  or  phenol  aldehydes  (see  salicylaldehyde)  are  pro- 
duced from  phenols,  chloroform  (i,  235),  and  caustic  soda. 

(5)  The  phenols  condense  with  formaldehyde  to  phenol  alcohols  (see  saligenine).  (6) 
Coumarines  (see  these)  are  formed  on  heating  phenols  with  malic  acid  and  sulphuric 
acid.  (7)  Dyestuffs  belonging  to  the  aurine  series,  and  derived  from  triphenylmethane, 
ClI(C<jIl5)j,  (see  this),  are  obtained  from  the  phenols  by  their  action  upon  benzotri- 
chloride,  Cglls .  CCI3.  (8)  The  so-called  phthaleins  are  combinations  of  phthalic  acid 
and  o-sulphobenzoic  anhydride  with  the  phenols. 

Breaking-down  of  the  Benzene  Nucleus  of  the  Phenols  (pp.  44,  45). 

(i)  By  oxidation  of  phenol  (see  this). 

(2)  By  treating  the  phenols  with  chlorine,  and  then  decomposing  the 
chlorine  addition  products  with  alkalies. 

Benzophenol,  Phenol,  Carbolic  Acidy  C^Hj .  OH,  melts  at  43**  and 
boils  at  183°;  its  specific  gravity  is  1.084  (o*^)«  It  is  obtained  from 
amidobenzene,  from  benzene-sulphonic  acid,  from  the  three  oxy-benzoic 
acids,  etc.,  by  the  methods  previously  described.  It  occurs  already 
formed  in  Castoreum  and  in  the  urine  of  the  herbivorse. 

Commercial  phenol  is  a  colorless,  crystalline  mass,  which  gradtially 
acquires  a  reddish  color  on  exposure  to  the  air  (B.  27,  R.  790).  Pure 
phenol  crystallizes  in  long,  colorless  prisms.  It  possesses  a  characteristic 
odor,  burning  taste,  and  poisonous  and  antiseptic  properties.  It  dis- 
solves in  15  parts  water  at  20**,  and  very  readily  in  alcohol,  ether,  and 
glacial  acetic  acid.  It  is  volatile  with  steam.  Ferric  salts  impart  a  violet 
color  to  its  neutral  solutions.  Bromine  water  precipitates  [2,4,6]-tri- 
bromphenol  from  even  very  dilute  solutions. 
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Diphenolsy  C|,Hg(OH)„  derivatives  of  diphenyl  (see  this)»  are  produced  on  fusing 
phenol  with  caustic  potasn. 

DiphenyUne  oxide  is  produced  when  phenol  is  distilled  over  lead  oxide.  Aurine 
results  when  it  is  heated  with  oxalic  or  formic  acid  and  dehydrating  agents  (see  thisV 
Potassium  permanganate  oxidizes  phenol  to  inactive  or  mesotartaric  acid  (vol.  i). 
Chlorine  finally  chimges  phenol  to  keto-chlorides,  which  are  derived  from  di-  and  tetra- 
hydxobenzene  (B.  27,  537).  Chlorine  and  caustic  soda  convert  phenol  into  trichlor-R- 
pentene  dioxycarboxylic  acid  (p.  27).  The  most  important  reactions  of  phenol  have 
been  previously  described. 

Huiory. — Runge  discovered  (1834)  phenol  in  coal  tar  and  called  it  carbon-oil  acid,  or 
carbolic  acid.  He  also  observed  the  physiological  properties  it  possessed  in  common 
with  creosote.  Laurent,  in  1841,  first  obtained  it  pure  and  gave  it  the  names  hydrate  de 
phhiyif  or  acide  phhtique^  from  ^veiu^  to  illuminate,  probably  because  it  occurs  in  the 
tar  produced  in  the  manufacture  of  illuminating  gas.  Gerhardt,  who  prepared  it  from 
salicylic  acid,  introduced  the  name  phenol,  indicating  thereby  that  it  was  an  alcohol. 
In  1867  Lister,  of  Glasgow,  showed  its  great  importance  in  surgery  as  a  disinfectant. 

Phenolates. — Phenates,  Potassium  PhenatCy  QHjOK,  and  Sodium 
PhenatCy  QHftONa,  are  obtained  by  dissolving  phenol  in  caustic  potash 
or  soda,  evaporating  the  solution  and  sharply  drying  the  residue.  Both 
salts  dissolve  readily  in  water  (B.  26,  R.  150).  Carbon  dioxide  sets 
phenol  free  from  them ;  it  is,  therefore,  not  soluble  in  the  alkali  carbonates. 

Calcium  Phenate,  (CeH50),Ca,  and  Mercury  Phenate,  (C«H50),Hg. 
(See  B.  29,  R.  178,  for  the  compounds  of  the  phenols  with  alumipium 
chloride.) 

Homologous  Phenols. — It  is  strange  that  the  cresois,  as  well  as 
other  higher  phenols,  can  not  be  oxidized  by  the  chromic  acid  mixture ; 
the  OH'group  prevents  the  oxidation  of  the  alkyl  groups  by  chromic  acid. 
If,  however,  the  phenol  hydrogen  is  replaced  by  alky  Is  or  acid  radicals 
(in  the  phenol  ethers  and  esters),  then  the  oxidation  of  the  alkyl  does 
take  place  with  the  production  of  ether  acids  or  ester  acids. 

The  readily  prepared  sulphuric  or  phosphoric  acid  esters  of  the  hom- 
ologous phenols  are  best  adapted  for  oxidation  with  an  alkaline  perman- 
ganate solution  (B.  19,  3304),  whereas  the  free  phenols  are  completely 
destroyed  by  this  reagent  (compare  oxidation  of  phenol,  above). 

The  oxidation  of  the  alkyls  in  the  sulpho-acids  of  the  homologous  phenols  is  similarly 
influenced  by  the  sulpho-group.  In  general  negative  atoms  or  groups  prevent  the  oxi- 
dation of  alkyls  in  the  ortho-position  by  acid  oxidants^  whereas  alkaline  oxidants — e.g.j 
KMn04— do  precisely  the  reverse  in  that  they  first  oxidize  the  alkyl  group  holding  the 
ortho-position  (A.  aao,  16).  The  methyl  groups  of  the  methyl  phenols,  such  as  the 
cresols  and  xylenols,  are  converted  by  molten  alkalies  into  carboxyl  groups,  and  there 
result  oxybenzoic  acids,  oxytoluic  acids,  oxyphthalic  acids,  etc.  (compare  the  like 
behavior  of  the  homologous /^^^rr^^/r  and  indols). 

Other  rearrangement  reactions  are  given  on  p.  142.  The  liquid  homologous  phenols 
are  particularly  characterized  by  the  melting  points  of  their  benzoyl  esters ;  therefore 
these  will  be  given  in  connection  with  the  various  members. 

I.  Cresols,  Ozytoluenes,  CH,.  C^H^OH. — The  three  isomerides  occur  in  coal-tar 
and  beech-wood  tar. 

They  are  obtained  from  the  toloidines  by  method  I,  and  from  the  toluene-sulphonic 
acids  by  method  2(p.  141).  They  have  a  similar  odor,  but  it  is  more  disagreeable  than 
that  of  phenol.  Tney  are  less  poisonous,  and  are  disinfectants.  They  are  changed  to 
toluene  when  heated  with  zinc  dost.  Sodium  and  carbon  dioxide  produce  the  corre- 
sponding cresotinic  acids. 

See  above  for  tbeir  bebMwior  toward*  molten  caustic  pcAA!&i  9sA  o^ti  oik\^vcccw^ 
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agents.  o-Cresol  is  obtained  from  cairacrol  (p.  145)  and  the  m-body  finom  thjaol  (see 
below).  The  latter  is  also  prepared  from  the  dibromide  of  synthetic  jS-methjlkdo-R- 
hexene  (see  this)  by  the  elimination  of  hydrogen  bromide  (A.  aSx,  98). 

o-Cresol,  [i,2]-Oxy/0/ueMr,  melU  at  31*^  and  boils  at  l89*. 
m-CnBol^litZy  Oxyfo/u^Hf,  "  4®  ««  aoi*. 
p-Crcsol.  [i,4j-0^^/<?/«^ifr,        "     36®         "  I98». 

Ferric  chloride  colors  ocresol  blue.  The  erode  cresols  are  used  as  diiinfeGtaoti: 
ereoiin  is  a  solution  of  the  crude  cresols  in  alkalies ;  cresoHn  is  a  solution  of  the  same  in 
resin  soaps,  while  iysene  or  lysol  is  a  solution  of  crude  cresols  in  olive  soaps.  See  B.  14, 
687,  for  the  behavior  of  the  cresols  in  the  animal  organism. 

2.  Phenols,  C^ILOH. — Oxydimethyl  benzenes  and  oxyethyl  benzenes.  The  six 
possible  xvUnols^  CjH,(CH,),  .  OH,  have  been  prepared. 

Ethyl  Phenols,  <:Jl\^{C^\\^  .  OH.—From  the  ethyl -benzene-solphonic  adds  (B.  17, 
K.  189).  The  <7rMo-compound  is  a  liquid,  boiling  at  203^ »  its  benzoyl  derivative  melti 
at  39^.  The  meta  boils  at  214^ ;  its  benzoyl  derivative  melU  at  $2*^.  The  para  is  t 
solid,  melts  at  45^,  and  boils  at  215^ ;  its  benzoyl  compound  melts  at  59^. 

3.  Phenols,  il^XX^^.OW.—Mesitol,  C;H,(CH,),.  OH,  from  amido-mesltylene  ind 
mesitylene-sul phonic  acid,  melts  at  68°  and  boils  at  220°.  [ilOH[2,4,5]- A^w^mvotm^/, 
(.*qH,(CII3)3,.  OH,  from  pseudocumene-sulphonic  acid,  melts  at  73^  and  boils  at  232^ 
(B.  17.  2976). 

xtin- Propyl  Phenol,  from  isosafrol,  melts  at  26^  and  boils  at  228^  fB.  23,  1 162). 
\>-Ti' Propyl  Phenol  boils  at  232®.  ^- Isopropyl  Phenol  m^X^  at  61®  and  boils  at  229°. 
It  is  also  produced  along  with  hydroquinone  (p.  162)  on  decomposing  dipbenol-3- 
propane,  (CH3)2C(CqH/)H),  (from  the  action  of  fuming  hydrochloric  acid  on  acetooe 
and  phenol),  with  molten  caustic  potash  (B.  25,  K.  334). 

4.  Phenols,  C,oH„.OH. — There  are  twenty  possible  isomerides. 
Thymol  and  carvacrol  merit  notice.  They  occur  in  vegetable  oils, 
fioth  arc  derivatives  of  ordinary  p-cymene  (p.  56),  and  contain  the 
isopropyl  group. 

Thymol,  when  heated  with  P2O5,  breaks  down  into  propylene  and 
m-cresol,  while  carvacrol,  under  similar  treatment,  yields  propylene  and 
o-cresol. 


Thymol,     —  [3] -Methyl.[6]-isopropyl  phenol,  C,H,[6]C,Hj  | 
Carvacrol,  —  [2]-Methyl  [5]-isopropyI  phenol,  C,Hy[5]C,H,| 


OH 
3;CH, 
-OH 

CH, 


Thymol,  melting  at  44°  and  boiling  at  230**,  crystallizes  in  large,  col- 
orless plates.  It  exists  with  cymene,  CioH,4,  and  thymene,  Cu»H,e,  in  oil 
of  thyme  (from  Thymus  vulgaris),  and  in  the  oils  o{ Ptychotis  ajowan  and 
Monarda  punctata.  To  obtain  the  thymol  shake  these  oils  with  |>otassium 
hydroxide,  and  from  the  filtered  solution  precipitate  thymol  with  hydro- 
chloric acid.  It  is  artificially  prepared  from  nitrocuminaldehyde  (see 
this),  as  well  as  from  dibrom-menthone,  by  the  splitting-off  of  hydrogen 
bromide  (B.  29,  420).  It  has  a  thyme-like  odor  and  answers  as  an 
antiseptic. 

Ordinary  cymene  is  obtained  by  distilling  it  with  P^Sj.  Thymoquinone  (sec  this)  is 
produced  in  its  oxidation. 

Io<line  and  caustic  potash  convert  thymol  into  di-iodthymol,  a  diphenyl  derivative 
which  has  been  substituted  for  iodoform  under  the  names  aristol  and  annidalin.  Com- 
pare :  Die  Arzneimittel  der  organischcn  Chemie  von  Thorns. 
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Carvacrol,  Cymophenol,  melting  at  o^  and  boiling  at  236^,  iso- 
meric with  thymol,  occurs  already  formed  in  the  oil  of  certain  varieties  of 
satureja,  also  in  Briganum  hirtum^  and  is  obtained  from  an  isomeric  carvol^ 
a  dihydrocymene  derivative  (see  this)  contained  in  the  oil  of  Carvum 
carvi,  and  certain  other  oils,  when  it  is  heated  with  glacial  phosphoric 
acid  (B.  19,  12).  It  is  further  prepared  by  heating  with  iodine  (4  part), 
using  a  return  condenser.  It  is  made  artificially  from  cymene-sufphonic 
acid  (B.  IX,  1060). 

Distilled  with  P^S^  it  yields  cjinene  and  thiocymene,  cymothiopkenol^  ^iqHu  •  ^^^> 
boiling  at  235^. 

sCarvmcrol,  {CHj)[3](CH,),CII[5]CVI,[i]OH,  melts  at  54<>  and  boils  at  2410 
(B.  27,  2347).  Methyl-^ikoxm.-propyl phaiol,  (CH,)[2]C,H,[5]C,HjOII,  from  the  cor- 
rcbponding  sulpho-acid,  boils  at  240^  (H.  29,  R.  417). 

p  Tertiary  Butyl  Phenol,  (CHj),C[4]C,H<[l]OH,  melting  at  98°  and  boiling  at  237<>, 
is  obtained  from  isobutyl  alcohol,  phenol,  and  zinc  chloride  (H.  24,  2974). 

^Tertiary  Amyl  Phenol,  (CH,),(C.H5)C[4]C,H<[l]01I,  melting  at  93°  and  boiling 
at  266**,  results  from  the  action  of  ZnCl,  upon  isoamyl  alcohol  or  tertiary  amyl  alcohol, 
and  from  isoamylene,  phenol,  acetic  acid,  and  sulphuric  acid  (B.  28,  407). 

Diethyl  Phenols  (B.  22,  317). 

Tetrameihyl  Phenols  (B.  15,  1854;  17,  1916;  18,  2842;  21,  645,  907). 

Pentamethyl  Phenol  mtlis  at  125^'  and  boils  at  267^  (B.  18,  1826). 


DERIVATIVES  OP  THE  MONOHYDRIC  PHENOLS. 

The  behavior  of  the  phenols  was  given  under  the  example  selected — 
ordinary  phenol.  Because  this  can  t)e  obtained  with  comparative  ease, 
more  derivatives  of  it,  than  of  its  homologues,  have  been  prepared.  In 
the  following  ])ages  the  derivatives  of  the  homologues  will  only  be 
brought  forward  and  discussed  in  case  they  possess  theoretical  or  practical 
value,  and  then  in  connection  with  the  compounds  of  the  corresponding 
phenol. 

Phenol  Alcohol-ethers. — (i)  Like  the  ethers  of  the  aliphatic  al- 
cohols (i,  132),  they  result  from  the  interaction  of  alkyl  iodides  and 
])henates.  The  phenol  is  digested  with  caustic  potash  and  the  alkyl 
iodide  or  methyl  chloride  is  conducted  over  sodium  phenate  heated  to 
200**  (B.  16,  2513). 

(2)  By  heating  a  mixture  of  the  alkali  salts  of  the  phenols  with  an  excess  of  alkyl 
sulphates,  in  aqueous  or  alcoholic  solution  (B.  19,  R.  139). 

(3)  ^pon  heating  the  benzene-snlphonic  esters  with  phenols  (B.  27,  R.  955)' 

(4)  Together  with  hydrocarbons  on  decomposing  benzene  diaxo  compounds  with  alco- 
hols (B.  25,  1973)  (P-  104). 

(5)  By  the  dry  dbtillation  of  the  phenol  ethers  of  the  oxy-acids  with  lime  or  baryta : 

CO,I l[i] .  C,H^[4]0CH, — >  CJI5OCH, 

Anisic  Acid  Anisol. 

(6)  The  phenols  are  converted  at  the  ordinary  temperature  by  diazo- 
methane,  with  evolution  of  nitrogen,  into  their  methyl  ethers  (B.  aS, 

857): 

C^HjOH  +  CH,N,  =  CjlIjOCH,  +  N,. 

II— 13 
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Boiling  alkalies  do  not  alter  the  alcohol  ethers.  When,  however,  they 
are  heated  with  hydriodic  or  hydrochloric  acid,  they  split  up  into  their 
components : 

CjHj .  O.  CH,  +  HI  =  C;Hg.  OH  +  CH,I. 

AljCl,  also  decomposes  them  (B.  25,  3531).  They  behave  like  the 
aromatic  hydrocarbons  with  CI,  Br,  I,  NOiH,  and  SO4H,. 

Anisol,  Methyl  Phenyl  Ether,  C^H, .  O .  CH|,  is  prodaced  by  distilling  anisic  or 
p-metbyl  salicylic  acid.  It  boib  at  152° ;  its  specific  gravity  at  15^  is  0.991.  It  is  not 
reduced  by  zinc  dust. 

Phenetol,  Ethyl  Phenyl  Ether,  (C^H^ .  O .  C,H|,  boils  at  172®,  and  has  the 
specific  gravity  0.9822  (o®).     The  isoamyl  ether  boils  at  225®. 

Bromethyl  Phenyl  Ether,  BrCH, .  CH,  .  O .  C^H^,  melts  at  39*  (J.  pc.  Ch.  [2]  24, 
242). 

Phenol-ethyUne  Ether,  Glycol  diphenyl  Ether,  C^H^OCH, .  CHjOC^H.,  melts  at  95*. 
Glvcol-monophenyl  Ether  boils  at  165°  (80  mm.)  (B.  29,  R.  289).  Phenyl  Glycerol 
Ether  (B.  24,  2146). 

Phenoxalkylamines  (I,  31 1  ).—pPhenoxethylamine,  NH, .  CH, .  CH, .  O .  CLHj,  boils 
at  228°  (B.  24,  189).  y-Phenoxypropylamine,  NH,  .  CH, .  CH, .  CH, .  O  .  C^H.,  boils 
at  241°  (B.  24.  2637).  \6'Amidobutylphenyl  Ether]  NH,CH,CH, .  CH, .  CH,OC,H|, 
boils  at  225^  (B.  24,  3232). 

Phenol  ethers  of  aldehyde  alcohols,  hetone  alcohols,  and  alcohol  cuids  have  been  ob- 
tained from  the  corresponding  chlorinated  aldehydes,  ketones,  and  carboxylic  acids  by  the 
action  of  sodium  phenate: 

Phenoxyacetaldehyde,  CjHjO  .  CH, .  CHO,  boils  at  I19<>  (30  mm.)  (B.  a8,  R.  295). 

Phenoxy acetone y  Phenacetol,  C^HjO .  CH, .  CO  .  CH,,  boiling  at  230®,  is  condensed 
by  concentrated  sulphuric  acid  to  methyl  cuniarone  (see  this)  (B.  28,  1253).  Phenoxy- 
acetic  Acidy  CjHjO .  CH,  .  COOH,  melting  at  96®,  is  isomeric  with  mandelic  acid, 
CjH5CH(OH) .  COOH.  It  results  from  monochloracetic  acid  and  potassium  phenate  at 
150°,  as  well  as  by  the  oxidation  of  phenoxyacetaldehyde.  It  is  a  strong  antiseptic 
(B.  19,  1296;  27,  2796).  Diphenoxyacetic  Acid,  (CjH50),CHCO,H,  melts  at  91® 
(B.  27,  2796).  a-  and  y- Phenoxy  butyric  Acid  melt  at  99°  and  60°  (B.  29,  I421). 
a-Phenoxyacetoacetic  Ester,  CH, .  CO .  CH(OCjH.)CO,C,H5,  from  sodium  phenate  and 
/z-chloracetoacetic  ester,  is  a  thick  oil.  Concentrated  sulphuric  acid  condenses  it  to  methyl  ^ 
cumarilic  ester. 

Phenol  Ethers.— Phenyl  Ether,  (CjH5),0,  Diphenyl  Oxide,  melting  mt  28®  and 
boiling  at  252°,  is  produced  by  distilling  copper  benzoate  (together  with  benxoic  phenyl 
ether)  and  digesting  diazobenzene  sulphate  with  phenol  (B.  25,  1973) ;  also  by  heating 
phenol  with  zinc  chloride  to  350°,  or,  better,  with  aluminium  chloride  (B.  14,  189).  It 
cr)'stallizes  in  long  needles,  and  possesses  an  odor  resembling  that  of  geraniums.  It  dis- 
solves readily  in  alcohol  and  ether.  It  is  not  reduced  on  heating  with  zinc  dust  or 
hydriodic  acid. 

Nitrated  phenyl  ethers  have  been  obtained  by  the  interaction  of  the  corresponding 
nitrohaloid  benzenes  and  the  potassium  salts  of  phenols :  o-Nitropkenyl  Ether, 
CgHgO  .  CgH^NO,.  boils  at  235°  (60  mm.),  o,  ^Dinitrophenol  Ether,  (N(^  .C;HJ,0. 
melts  at  114''  (B.  29,  18S0,  2084). 

Acid  Esters  of  Phenol. — The  acid  esters  are  obtained  by  acting 
with  acid  chlorides  or  anhydrides  upon  the  phenols  or  their  salts  \  also 
by  digesting  the  phenols  with  acids  and  POCl,.  To  effect  the  substitu- 
tion of  all  the  hydroxyl-hydrogen  atoms  in  the  polyhydric  phenols  by 
acetyl  groups,  it  is  recommended  to  heat  them  with  acetic  anhydride  and 
sodium  acetate.  On  boiling  with  alkalies,  or  even  with  water,  they,  like 
all  esters,  break  down  into  their  components. 

Esters  of  Inorganic  Acids, — Phenyl  Sulphonic  Ester  i^noX  known  in 
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a  free  state.  Its  sodium  salty  NaSOjOCeHj,  results  from  the  action  of 
SO,  upon  sodium  phenate.  Methyl  iodide  converts  it  into  methyl  sul- 
phonic  phenyl  ester,  CHjSCOCeHj  (compare  B.  25,  1875). 

Phenyhulphuric  Acid^  CH^ .  O .  SO9H,  is  not  known  in  a  free  state ;  when  liberated 
from  Its  salts  by  concentrated  hydrochloric  acid,  it  immediately  breaks  down  into  phenol 
and  sulphuric  acid.  \\s potassium  salt,  C^H^ .  O  .  SO3K,  forms  leaflets,  not  very  soluble 
in  cold  water,  and  occurs  in  the  urine  of  herbivorous  animals,  and  also  in  that  of  man 
and  the  dog  after  the  ingestion  of  phenol.  It  is  synthetically  prepared,  like  other 
phenols,  on  heating  potassium  phenoxkle  with  an  aqueous  solution  of  potassium  pyrosul- 
pbate  (Baumann,  d,  1715). 

The  phenyl  sulphuric  acids  are  very  stable  in  aqueous  and  alkaline  solution  ;  upon 
digesting  with  mineral  acids,  however,  they  are  very  rapidly  decomposed.  When  potas- 
sium pbenylsulphate  is  heated  in  a  tube,  it  passes  quietly  into  potassium  p-phenol-sul- 
phooate. 

Phenyl  Esters  of  the  Phosphoric  Acids, — These  arise  in  the  action  of 
PCI,  and  POClj  (A.  239,  310 ;  253,  120) : 

Phenylphosphorons  Chloride, CH.O.PCl,,  boils  at    90^  (11  mm.) 

Diphenylphosphorous  Chloride, (C,H50),PC1,  "  172«>        «• 

Triphenylphosphite, (CeHjO),?,  **  220® 

Phenylphosphoric  Chloride, (C,H50)P0C1„  "  I21»        *• 

Diphenylphosphoric  Chloride, (CjHjOjPOCl,  "  195®  (14mm.) 

Triphenylphosphate,  m.  p.  45^ (CeHjOJjPO,  "  245°  (11  mm.) 

(B.  18,  1700). 

The  two  phenylphosphorous  chlorides  take  np  chlorine : 

Phenylphosphoric  Tetrachloride, CgH-Ol^a^ 

Diphenylphosphoric  Trichloride, (^"6^)1  P^^» 

Phcf^l  Silicates  (B.  18,  1679). 

Phenyl  Esters  of  Monocar boxy  lie  Acids. — Phenyl  Formate  (J.  pr.  Ch. 
[2]  31,  467).  Phenyl'Ortho-formtc-estery  CH(O.CeH5)8,  is  formed  by 
boiling  phenol  with  sodium  hydroxide  and  chloroform.  It  melts  at  71*^ 
and  distils  at  265**,  under  50  mm.  pressure  (B.  18,  2656). 

Phenyl  Acetaie,  CH,.  COOC;^!^,  boils  at  195** (B.  18,  1716).  Orthoacetic  Phenyl 
Ester,  QWJZ^QCJA^,  melts  at  98**  (B.  24,  3678). 

Phenyl  Carbonates. — ^The  free  phenyl -carbonic  acid  is  not  known.  The  opposite  is 
true  of  Sodium  Phenyl  Carbonate ,  C^HjOCOjNa.  It  is  produced  when  CO,  acts  upon 
sodium  pbenoxide  (under  pressure). 

It  is  a  white  hygroscopic  powder,  decomposed  again  by  water.  When  heated  under 
pressure  to  120-130^,  sodium  salicylate,  HOC^H^COjNa,  results,  just  as  phenolsulphonic 
acid  is  obtained  from  phenylsulphuric  acid  (see  above).  When  heated  to  190°  with 
sodium  phenate,  sodium  phenyl  carbonate  yields  disodium  salicylate  and  phenol. 

Phenyl  Carbonate, — ^Thc  carbonic  acid  ester,  C0(0 .  C^H^),,  is  produced  on  heating 
phenol  and  phosgene  gas,  COG„  to  150^.  It  is  readily  obtained  by  leading  phosgene 
gas  into  the  aqueous  solution  of  sodium  phenylate  (J.  pr.  Ch.  17,  139;  B.  17,  287).  It 
crystallises  from  alcohol  in  shining  needles,  and  melts  at  78^.  It  yields  sodium  salicylate 
(see  this)  when  heated  to  200®  with  sodium  hydroxide.  Urea  results  if  it  be  heated  with 
ammonia  (B.  23>  694). 

Mixed  carbonates  containing  phenol  and  alkyls— ^.  g.,  phenyl-ethyl  carbonate, 
CO,(CH,)(C^H,) — aie  produced  by  the  action  of  chlorformic  esters  upon  the  sodium 
talu^  the  phenols. 
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DiphtnyUhiocarbtmic  Ester,  CLHjOCSOCjHj  (B.  27,  3410).  Pkmyi  Carhamimk, 
NHjCOOC^Hc,  melts  at  141'  (A.  244,  43).  Phenylcarhamic  Phenyl  EjUt, 
CeH^NllCOsCeH^,  from  carfoanile  (p.   89)  and  pheooU  melts  at  124°  (B.  18,  87$; 

a7t  »37o)- 

PhenyUhiocarbamic  Phenyl  Ester,  CMfi .  CSNHC^H^  melting  at  148®,  is  prodaoed 
on  heating  phenyl  mustard  oil  with  phenol  to  280®  (B.  29,  R.  177).  Phenylimdo- 
carbonic  Phenyl  Ester,  C^HjN :  C(0<^Hj)„  melting  at  136^  is  obCmined  from  isocyan- 
phenyl  chloride  (p.  89)  and  sodium  phenate  (B.  a8,  977). 

PhefiylaUophanic  Ester ^  ^^<^Nh'  CO     CH  » "*  pro<ittced  by  condocting  cyanic  acid 

vapors  into  anhydrous  phenol.    A  crystalline  mass. 

Phenyl  Esters  of  Dicarbaxylic  Acids,-— Phenyl  Oxalic  Ester,  (COOC-H,),.  melts  with 
dccomiwsition  at  130®  (J.  pr.  Ch.  [2]  25,  282).  Ethyl  Phenyl  Oxalic  Ester,  COOCV 
H5.  COOCglls.  boiling  at  236°,  is  obuined  from  ethyl  oxalic  chloride  (vol.  I).  The 
succinic  ester  luclts  at  11 8®  and  boils  at  330®.  Phenyl  Fumaric  Ester,  melting  at 
161^,  decomposes  when  distilled  slowly  into  GO,,  phenyl  cinnamic  ester  (see  this)  and 
stilbene  (see  this)  (B.  18,  1948). 


PHENOL  SUBSTITUTION  PRODUCTS. 

Phenol  Haloids. — Formation,  (i)  Chlorine  and  bromine  react 
readily  with  phenols;  this  is  exemplified  in  bromine  precipitating  phenol 
i|iiantitatively  from  its  aqueous  solutions  as  [i OH, 2,4, 6]-tribromphenol. 
(Jhlorinc  and  bromine  enter  the  ortho- and  para-positions;  there  result 
at  first  the  [1,2]-  and  [i,4]-mono-,  then  the  [i,2,4]-di-,  and  finally  the 
[i,2,4,6]-lrisubstilution  products.  At  150-180°,  by  action  of  chlorine 
or  bromine  vapors,  abundant  quantities  of  o-chlor-  and  o-bromphenol 
(B.  27,  R.  957)  are  produced. 

The  iod-derivatives  are  formed  by  adding  iodine  and  iodic  acid  to  a 
dilute  potassium  hydroxide  solution  of  phenol : 

5C,IIj,0II  -f  2I,  f  IO3H  =  sCjH.lOII  -h  3HA 

or  by  the  action  of  iodine  and  mercuric  oxide.     Di-iod-phenol  is  the 
chief  production  in  the  latter  case. 

(2)  From  substituted  anilines  !)y  the  replacement  of  NH,  by  OH,  which  may  be 
brought  about  by  the  diazo-compounds ;  this  reaction  leads  to  pure  mono-haloid  phenols. 
(3)  From  the  nitrophenols  by  replacing  the  nitro-group  with  halogens  (effected  through 
the  ainido-  and  diazo-derivatives).  (4)  By  distilling  substituted  oxyacids  with  lime  or 
baryta. 

Deportment. — (i)  The  introduction  of  halogen  atoms  considerably 
increases  the  acid  character  of  phenol ;  thus,  trichlorphenol  readily 
decomposes  the  alkaline  carbonates.  (2)  When  fused  with  potassium 
hydroxide,  the  halogen  is  replaced  by  the  hydroxyl  group  (p.  141). 

In  this  reaction  it  frequently  occurs,  especially  at  high  temperatures, 
that  not  the  corresponding  isomerides,  but  rather  the  more  stable  deriva- 
tive results;  for  example,  all  the  bromphenols  yield  resorcinol.  The 
caustic  potash  fusion  is,  therefore,  not  applicable  in  determining  con- 
stitution. 

(3)  Sodium  amalgam  causes  the  replacement  of  the  halogen  atoms  by  hydrogen. 
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Monohaloid  Phenols. — The  monochlorphenols  in  particular  are  characterized  by  a 
disagreeable,  very  adherent  odor.  The  brom-  and  iod-phenols  being  attacked  at  a  lower 
tempenUure  than  the  chlor-derivatiyes,  are  changed  on  fusing  with  potash  into  the  cor- 
responding dioxybenzenes.  The  higher  the  temperature  rises  in  the  fusion  of  the  o-  and 
p-componnds,  the  greater  will  be  the  yield  of  resorcinol  or  m-dioxybenzene ;  the  three 
isomeric  monocblori^ettols  yield  resorcinol : 


Chlorphenol, 
Bromphenol, 
lodphenol. 


Ortho- 
M.  P.      B.  P. 

70  176® 
liquid  195® 
43^        - 


Meta- 
M.  P.       B.  P. 
28«>        212° 
320       2360 
40«         - 


Para- 
M.  P.      B.  P. 
41®       2170 
660       2380 
94<>         —    (6.20,3019). 


See  B.  29,  997,  1409,  2595,  for  the  iodanisols  and  phenetols. 

Polybaloid  Phenols. — In  the  direct  substitution  the  [2,4]-di-  and  [24,6,]-tribaloids 
are  pfodnced  quite  readily : 


[  2, 4I .  Dichlorphenol , 
[2^  J- Dibromphenol , 
[2,4j-Di-iodphenol, 


M.P. 
43** 
400 
72® 

M.P. 


B.P. 
210*' 


E24,6]-TrichlorphenoI, 


[2,4,61 -Tribromphenol, 
[2,4,6] -Tri-iodphenol, 


M.P. 
68° 
92° 

1560 


B.P. 
2440 


E2.3t4.61-Tetrachlorphenol,     65°  (B.  27, 549). 
2,3,4,6j-Tetrabromphenol,  120°  (A.137,209). 


M.P. 


Pentachlorphenol,  186°  (H.  28,  R.  150). 
Pentabrompbenol,  225°. 


The  tri-,  tetra-,  and  penta-chlor-  and  -bromphenols  take  up  chlorine  and  bromine, 
becoming  chlorinated  and  brominated  oxodi-  and  oxotetrahydrobftizenes  (see  also  B.  28, 
R.  1012).  2,4,5 -P^udocumenol  yields,  when  brominated  under  suitable  conditions,  a 
fribrompsmJo-cumenoi,  insoluble  in  alkali.  It  is  distingruished  by  the  great  reactivity  of 
one  of  its  bromine  atoms.  Its  peculiar  behavior  renders  it  very  probable  that  it  is  really 
a  derivative  of  keto-dikydrobenzene  (B.  29,2329;  30,  744,  753).  2^^-XyUnol  yields  a 
very  similar  tribrom-derivative  (B.  29,  2348). 


NITROPHBNOLa 

The  phenols,  like  the  anilines,  are  very  readily  nitrated.  The  entrance 
of  the  nitro-groups  increases  their  acid  character  very  considerably.  All 
nitrophenols  decompose  alkaline  carbonates.  Trinitrophenol  is  a  perfect 
acid  in  its  behavior;  its  chloranhydride,  QHj(N02)3Cl,  reacts  quite 
readily  with  water,  re-forming  trinitrophenol  (p.  68).  The  l)enzene 
nucleus  of  the  nitrophenols  is  capable  of  ready  substitution  with  the  hal- 
ogens ;  whereas  the  nitrohydrocarbons  are  chlorinated  with  difficulty. 

The  nitro-groups  replace  the  o-  and  p-hydrogen  atoms  referred  to 
hydroxy!,  and  with  reference  to  one  another  in  the  m-position  : 


C,H.OH 


-^q,H, 


i]OH 
2INO," 


->C^H, 


■<^H.{[;jOH 


INO," 


■^CeH, 


Cell,    V 


OH 
NOj 
NO, 


;6]NO, 


Mononitrophenols,  NO, .  QH* .  OH.— Dilute  nitric  acid  converts 
phenol  into  o-and  p-mononitrophenol  (in  the  cold  it  is  chiefly  the  p- 
compound  which  is  formed).  At  -67°,  with  use  of  the  electric  spark,  there 
is  ^\Q  times  as  much  of  the  p-body  as  at  -40°  (B.  26,  R.  362).  The  o- 
and  p-compounds  are  separated  by  distillation  with  steam,  \u  v)\v\^>^^ 
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latter  is  not  volatile.     Phenol  in   presence  of  sulphuric  acid  is  also 
nitrated  by  nitrogen  dioxide  (B.  24,  R.  722). 

o-  and  p-Nitropbenols  are  obtained  by  beating  the  correipoodiiig  chlor-  and  brom- 
nitrobenzenes  with  caustic  potash  to  120°,  whereas  m-brom-nitrobenxene  does  not  react 
under  similar  circumstances  (p.  67).  Ortho-  and  pora-nitropbenols  are  likewise  pro- 
duced from  the  corresponding  nitranilines  by  heating  with  alkalies  (p.  93).  m-Nitro- 
phenol  is  formed  from  m-niiraniline  (from  ordinary  dinitrobenzene)  by  boiling  the  diazo- 
compound  with  water.  p-NitrophenoI  has  also  been  obtained  synthetically  from  nitro- 
malonic  aldehyde  with  acetone. 

o-Nitrophenol  melts  at  45°  and  boils  at  214^  ;  its  methyl  ether  melts  at  -f  9®  and  boils 
at  2650. 

m-Nitrophenol  melts  at  ^^ ;  its  methyl  ether  melts  at  38^  and  boils  at  254*^. 

p-Nitrophenol  melts  at  1 14®  ;  its  methyl  ether  melts  at  48^  and  boils  at  260^. 

o-  and  m-Nitrophenols  form  yellow  crystals ;  the  latter  is  rather  soluble  in  water. 
The  o-body  has  a  peculiar  odor  and  sweet  taste.     Its  sodium  salt  forms  dark-red  prisms. 

^'Nitrophenol  crystallizes  from  hot  water  in  long,  colorless  needles.  The  potassium 
salt  crystallizes  in  yellow  needles  with  two  molecules  of  water. 

Bromine  converts  p-nitrophenol  into  dibrom-p-nitrophenol  (l,4,2,6,OH  in  I ),  melt- 
ing at  141^. 

PCI5  converts  o-  and  p-nitrophenols  into  o-  and  p-chlomitrobenzenes  (p.  67). 

Dinitrophenols,  (N02),C.H,0H. — a-  or  [lOH,  2^]-Dinitrophenol,  melting  at 
114^,  and  J3-  or  [lOH .  2,6j-f)initrophenol,  melting  at  64^,  are  produced  in  the  nitra- 
tion of  phenol  and  of  o-nitrophenol.  The  a-compound  can  also  be  obtained  from 
p-nitropbenol,  as  well  as  from  m-dinitrobenzene,  by  means  of  alkaline  potassium  ferri- 
cyanide.  The  a-methyl  ether  melts  at  86®.  It  is  transformed  into  [iNH,,  2^4]- 
dinitraniline  by  heating  with  ammonia. 

The  nitration  of  [l,3]-nitrophenol  produces  three  isomeric  dinitrophenolsy  melting  at 
104®,  134®,  and  141®.  Further  nitration  produces  trinitrophenols  and  trinitraresorn'nal 
(p.  161). 

Trinitrophenols.— Picric  Acid,  QHjCNOOs  •  OH,  melting  at  122°, 
is  obtained  by  the  nitration  of  phenol,  of  [1,2]-  and  [i,4]-nitrophenol, 
and  of  the  two  dinitrophenols;  also,  by  the  oxidation  of  symmetrical 
tri nitrobenzene  with  potassium  ferricyanide.  Its  structure  is  therefore 
1,2,4,6  (OH  in  i). 

Picric  acid  is  produced  in  the  action  of  concentrated  nitric  acid  upon 
various  organic  substances,  like  indigo,  aniline,  resins,  silk,  leather,  and 
wool. 

History. — Welter,  in  1799,  first  prepared  pure  picric  acid  by  nitrating  silk.  It  was 
named  Welter's  bitter.  Liebig  called  it  carbon-nitric  acid,  carbatotic  acid.  Dumas 
analyzed  it  and  called  it  picric  acidy  from  tt/k/joc,  bitter.  Laurent,  in  1 842,  discovered 
it  to  be  a  derivative  of  phenol. 

Properties, — Picric  acid  crystallizes  from  hot  water  and  alcohol  in 
yellow  leaflets  or  prisms  which  possess  a  very  bitter  taste.  It  dissolves  in 
160  parts  of  cold  water  and  rather  readily  in  hot  water.  Its  solution 
imparts  a  beautiful  yellow  color  to  silk  and  wool.  It  sublimes  undecom- 
posed  when  carefully  heated. 

Deportment. — With  many  hydrocarbons,  like  benzene,  naphthalene, 
and  anthracene,  picric  acid  forms  beautiful,  crystalline  derivatives,  well 
adapted  for  the  recognition  and  separation  of  the  higher  aromatic  hydro- 
carbons. 

Phosphorus  pentachloride  converts  picric  acid  into  trinitro-chlorbenzene,  C^H^  (^Oa)t' 
CI  (p.  68). 
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Prassic  acid  is  produced  on  boiling  a  solution  of  barium  picrate  with  baryta  water. 

Picric  acid  is  converted  bj  potassium  cyanide  into  the  potassium  salt  of  isopurpuric  or 
ficrocyaminic  acid^  CLH^N^O^K.  It  crysUUizes  in  brown  leaflets  with  green-gold  lustre, 
and  formerly  appeared  in  commerce  under  the  name  Grtnat  soluble.  It  is  no  longer 
used.     The  free  acid  is  not  known. 

Salts  and  Etkers^—Tht  potassium  salt,  C,H,(NO,), .  OK,  crystallizes  in  yellow  needles, 
soluble  in  260  parts  of  water  at  15°. 

The  sodium  salt  is  soluble  in  10  parts  water  at  15^,  and  is  separated  from  its  solution 
by  fodinm  carbonate.  The  ammonium  salt  consists  of  beautiful,  large  needles,  and  is  ap- 
plied in  explosive  mixtures.    All  the  picrates  explode  very  violently  when  heated  or  struck. 

The  muthyl  ester  of  picric  acid  is  produced  in  the  nitration  of  anisol.  It  melts  at  65^. 
The  ethyl  ester  melts  at  78®. 

^-Trinitropkencl^  melting  at  96^,  and  y-Trinitrophenol,  melting  at  ll^^t  have  been 
obtained  from  the  dinitrophenob  resulting  from  the  nitration  of  m-nitrophenol. 

Tetranitrophenol^  melting  at  Ijo^,  consists  of  golden  yellow  needles.  It  is  produced 
in  the  oxidation  of  diquinoyltrioxime  (see  this).     It  is  very  explosive  (B.  30,  184). 

Nitrocresols. — o-  and  p-Cresol  are  easily  converted  into  dinitro-derivatives  (B.  15, 
1864;  17,  270).  The  [2,6]-dinitro-p-cresol,  melting  at  84®,  has  been  introduced  into 
trade  in  the  form  of  its  sodium  salt,  bearing  the  name  Victoria  orange^  or  Safran  surro- 
gate. It  is  an  orange- yellow  dye.  It  is  not  extensively  applied  as  yet.  When  m-cresol 
b  nitrated,  it  yields  a  trinitrocresol,  (NO,),C.H(CH,)OH,  melting  at  106°.  This  has 
also  been  formed  from  nitrocoQcic  acid  (see  this). 

Haloid  Nitrophenols. — Numerous  representatives  of  this  class  have  been  obtained 
by  the  action  of  the  halogens  upon  the  nitrophenols  or  by  the  nitration  of  the  haloid 
phenols. 

It  is  interesting  to  note  that  '^Nitro-o-iodanisol,  C,H,[4]NO,[2]I[i]OCH|,  has 
been  prepared  both  in  the  nitration  of  o-  as  well  as  in  that  of  p-iodanisol.  In  the  latter 
case,  therefore,  a  migration  or  wandering  of  the  iodine  atom  in  the  nucleus  has  occurred 
(B.  29,  997). 

NITR080-C0IIP0UNDS  OP  THE  PHENOLS. 

The  nitroso-phenols  are  made :  (i)  by  the  action  of  nitrous  acid  upon 
phenols  (Baeyer,  B.  7,  964),  when  the  monohydric  phenols  yield  only 
mononitroso-compounds ;  whereas  dinitroso-derivatives  are  obtained  from 
the  dihydric  meta-dioxybenzenes,  like  resorcinol. 

{a)  Nitrous  acid,  from  alkali  nitrite  and  dilute  sulphuric  acid  or  acetic  acid,  is  allowed 
to  act  upon  the  phenols  (B.  7,  967 ;  8,  614) ;  (b)  by  means  of  the  nitrites  of  heavy 
meuls,  which  are  decomposed  by  the  phenols  themselves  (B.  x6,  3080) ;  (c)  from 
nitrosyl  sulphuric  add,  HO .  SO, .  NO,  and  phenols  (A.  188,  353;  B.  21,  429);  (d) 
from  amyl  nitrite  and  sodium  phenolates  (B.  17,  803). 

(2)  Upon  boiling  p-nitroso-alkylamines,  like  nitroso-dimethylaniline 
(i,  163 ;  II,  94)  with  alkalies : 

N0[4]C,H^[i]N(CH,),  +  NaOH  =  NO[4]CeH,[i]OK  -f  HN(CH,),. 

(3)  By  the  action  of  HCl-hydroxylamine  upon  quinones  in  aqueous  or 
alcoholic  solution.  Free  hydroxylamine  reduces  the  quinones  to  hydro- 
quinones  (B.  17,  2061).  This  method  favors  the  idea  that  the  nitroso- 
phenols  are  quinone  monoximes  (Goldschmidt,  B.  17, 801).  Hence,  three 
constitutional  formulas  have  been  brought  forward  for  p-nitrosophenol 
or  quinone  monoxime  (Quinones,  see  these) :  ^ 

p-NitrotopbeooJ  Qoinoxime. 
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p-Nitrosophenol,  Quinoxime,  crystallizes  from  hot  water  in  color- 
less^ delicate  needles,  which  readily  brown  on  exposure,  and  from  ether 
it  separates  in  large,  greenish-brown  leaflets.  It  is  soluble  in  water, 
alcohol,  and  ether,  and  imparts  to  them  a  bright  green  color.  When 
heated,  it  melts  with  decomposition,  and  deflagrates  at  1 10-120**.  The 
sodium  salt  crystallizes  in  red  needles,  containing  two  molecules  of  water 
of  crystallization. 

The  methods  of  producing  nitrosophenol  from  phenol  with  nitrons  acid,  and  from 
nitroso-dialky]  anilines,  argue  for  the  nitroso-formula  of  the  nitrosophenols ;  as  does  their 
oxidation  to  p-nitrophenol  with  nitric  acid  or  with  an  alkaline  potassium  ferricyanide 
solution. 

The  quinoxime  formula  is  supported  by  their  formation  from  quinone  with  hydroxyl- 
amine  hydrochloride  and  the  conversion  into  quinodioxime,  as  well  as  by  the  formation 
of  hypochlorous  esters,  C.H4(0)  .NOCl,  when  acted  upon  by  bleaching  lime  (B.  19, 
280).  Further,  the  behavior  of  the  related  nitrosonaphthols  (see  these),  and  finally  the 
feeble  basic  character  of  the  nitrosophenols  (B.  18,  3198).  The  reduction  to  p-amido- 
phenol  is  in  harmony  with  both  formulas. 

The  nitrosophenols  can  be  changed  to  nitrosoanilines  (p.  94).  Hydrochloric  acid 
converts  nitrosophenol  into  dichloramido-phenol.  With  nitrous  acid  and  with  hydroxyl- 
amine  it  yields  p-diazophenol : 

C,n^(OIl)NO  -f  NH,.  OH  =  CeH^(OH)  .N,.  OH  +  H,0. 

In  a  similar  manner  it  forms  azo-compounds  with  the  amines  (p.  155).  Phenyl- 
hydrazine  reduces  it  very  readily  to  amidophenol  (B.  29,  R.  294).  On  adding  a  little 
concentrated  sulphuric  acid  to  a  mixture  of  nitrosophenol  and  phenol,  we  obtain  a  dark 
red  coloration,  which  changes  to  dark  blue  upon  adding  caustic  potash  (p.  141). 

Quinon-dioxime  will  be  described  together  with  quinone  (see  this).  Nitroso-o-cresol^ 
from  o-cresol  and  toluquinone  (see  this)  (B.  21,  729),  melts  at  154^.  NUrosothymol  mxXxs 
at  160°  (B.  17,  2061). 

AMIDOPHENOL8. 

They  result  from  the  reduction  of  nitrophenols,  and  amidophenol- 
derivatives,  in  a  similar  manner,  from  the  corresponding  nitrophenol- 
derivatives.  In  the  case  of  the  poly-nitrated  phenols,  ammonium  sulphide 
occasions  but  a  partial,  tin  and  hydrochloric  acid,  however,  a  complete, 
reduction  of  the  nitro-groups  (p.  71).  For  special  methods  of  forma- 
tion, see  m-  and  p- Amidophenol. 

Deportment, — The  free  amidophenols  decompose  quite  easily,  especially 
in  moist  air  on  exposure  to  light. 

The  amido-group  considerably  diminishes  the  acid  character  of  the 
phenols.  This  class  of  derivatives  no  longer  forms  salts  with  alkalies, 
and  only  yields  such  compounds  with  the  acids. 

Like  the  o-phenylenediamines  (p.  96),  the  o-amidophenols  form  heterocyclic  deriva- 
tives with  ease.  These  are  anhydro-boses,  the  htnzoxazoUs^  corresponding  to  the 
benzimide  azoles  (see  these).  The  bentothiazoles  (see  these)  are  similar  bodies  obtained 
from  the  o-amidothiophenols. 

o- Amidophenol,  NIl2[2]CgH4[i]OH,  melting  at  170^, dissolves  with  difficnlty  in 
water.  o-Anisidine,  NH,r2]C,H.[l]OCHj„  boils  at  218®.  Oxetkyloomidopkm^^ 
HOCH,.  CH,NH[2]CgH/i]OCH5,  boils  at  290-3100. 

Methylati&ti  of  the  Amido  group  of  o- Amidophenol  (B.  23,  246). — When  o-amido- 
pheno)  in  methyl  alcohol  is  treated  with  methyl  iodide  and  caustic  potash^  and  later  with 
Djrdtvgen  iodide,  there  results  the  iodide  of  an  aminonmmbaaft,'«\LvXviB«MX.ta.^«  viS^ 
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chftnges  to  the  arnmoninin  hydroxide.  The  latter  loses  water  at  105^  and  changes  to  a 
cyclic  ammoniiim  derivative  similar  to  betaloe:  o-Trimethyl-ammonium  Phenol, 
which,  heated  to  higher  temperatures,  rearranges  itself  into  o-dimethylanisidine.  The 
hydrochloride  of  the  ammonium  base  breaks  down  upon  distillation  into  methyl  chloride 
and  o-dimethylamidophenol,  melting  at  45^. 


1-c.H.  { 0g[f  "•^'^^^-c.H,  { [ysr*).o"- 


o-Trimethyl-amrooniniii 
Chloride  Phenol 

o-Dimethylamidophenol 


o*Trimethyl-amfnonium 
Oxyhydrate  Phenol 


o-Tri  methy  Uam  mon  ium 
Phenol 

o-Dimethyl  Anisidine. 


I' 


C  H 
o-Imidodiphenyl   Oxide,  Phenoxazine^  0<^*u*>NII,  will  be  described  together 

with  thiodiphenylamine,  hydrophenazine  and  phenazme  (p.  96)  under  the  heterocyclic 
compounds.     (Compare  also  Pyrocatechol,  p.  159.) 

o-Oxeihylaniiidine,  HO.  CH,  .  CH,  .  NHr2](4n4[i]OClIs.  from  o-anisidine  and 
ethylene  chlorhydrin  (I,  501)  (compare  Condensations  of  the  o-AmidophenoIs),  boils 
at  305**. 

o-  Oxyphenyl  Urea,  NH.CONH [2]CLH^[l ]OH,  melts  at  154®.  o-  OxyphenyUhiurfa, 
NH,CSNH[2]C;H4[i]OH,  melts  at  I6l«».  (Compare  Condensations  of  the  o-Amido- 
phenols.) 

The  Condensations  of  the  o-Amidophenols. — Like  the  o-diamines  (p.  95)  and 
o-amidothiophenols  (p.  l57),theo-amidophenols  are  highly  suitable  for  the  formation  of 
o-condensation  products : 

(l)  BentoxazoUsxti&v\\.  by  the  union  of  o-amidophenol  with  carboxylic  acids ;  thus,  with 
acetic  acid  the  product  is  ti-methylbenzoxazole.  [2.\  With  phosgene  it  is  ^loxybenzoxazoU, 
or  carbonyl  amidophtnol.  (3)  The  latter  body  is  also  produced  upon  heating  o-oxyphenyl 
urea  (see  above),  and  in  like  manner  (4)  o-oxyphenylthiurea  yields  ooxyphenyl  musiard 
oil.  (5)  Nitrous  acid  converts  several  substituted  o-aqiidophenols  into  rather  stable 
diaziJes;  ihvi&,  dichlor-o-amidopkfnoi  becomes  dichlor-o-diazophenoi.  (6)  o-Oxyelhyl- 
anisidine,  when  heated  with  hydrochloric  acid,  becomes  phenmorpholine  (see  this).  (7) 
Oxidants  convert  o-amidophenol  into  oxyphenoxazine  (see  this).  (8)  o-Amidophenol 
and  pyrocatechol  condense  to  phenoxarine  (see  this) : 
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Dichlor-o-diazophenol 
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m-Amldopbenol,  meUing  at  122^*,  is  obtained  from  m-mUo^YittvoV  V^.  w,  aviV\^ 
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from  the  oxamic  acid  deriTative  of  m-phenylenediamine  (B.  a8»  R.  30),  and  by  lieitm{ 
rcsorcinol  to  200°  with  ammonium  chloride  and  aqueous  ammonia.  In  this  wiytbe 
alkylamines  yield  the  alkyl-m-amido-phenoU.  The  latter  can  also  be  obtained  from  the 
dialkyl-aiiiline-m-sulphonic  acids  (B.  aa,  622). 

A/ofto.i/Mm  amidophenois  (B.  27,  R.  ^v^-^.—Dimeihylm  amidophenol  melts  it  87*; 
diethyl-mamUophenol  l»ils  at  280®.  m-Amidophenol  and  its  alkyl  derivatives  are  em- 
ployed in  the  pre{>aration  of  rhodamine  dyes. 

Consult  B.  29,  501,  for  the  action  of  phosgene  upon  the  alkyl  m-amidophenok. 
Trhnethyl-mamidophntol,  CeII^[i]OH[3]N(CIl,),OH— see  B.  29, 1533. 

p-Amidophenol  melts  at  184°  with  decomposition  and  sublimes.  It  results  (i)  from 
p-nitrophcnol ;  (2)  from  '}  phenylhydroxylamine  (p.  70) ;  (3)  by  the  action  of  the  elec- 
tric current  u|)on  iiitrol)enzene  in  strong  sulphuric  acid  solution  ;  its  formation  here  is  doe 
to  the  rearrangement  of  the  /^ phenylhydroxylamine  produced  at  first ;  (4)  from  [5]-amido- 
salicylic  acid.  It  is  oxidi/.ed  to  quinone  by  chromic  acid,  or  by  PbO,  and  sulphuric  add. 
Bleaching  lime  converts  it,  as  well  as  its  substitution- products,  into  quinone  chlorimida. 
p-Amidi)phciiol  acts  the  same  and  just  as  readily  as  phenylhydrazine  upon  akieh}-des 
and  ketones  in  dilute  acetic  acid  (B.  ay,  3005). 

\s-Amidophnietol,  \^Phenetidin€,  NH^[4]CeH4[l]OC,Hj,  b  the  ethyl  ether.  It 
Ix^ils   at    242°.     Boiling    glacial    acetic   acid    converts  it    into  ^-Acetamido^untUl^ 

^V^<o  c  H^  ^^^'  P^^enacctin.  mehing  at  135®,  which  has  been  applied  as  an  in- 
tipyretic.  Also  ^Ethoxyphenylsucdnimide^  Pyrantin,  (CHjCOjjNC^H^OCjHj,  melt- 
ing at  155°,  which,  it  is  claimed,  does  not  have  the  unpleasant  action  or  uterefiects 
peculiar  to  phenacctin(B.  29,84).  ^Phenetolcarbamide^  NH,CO.  NH[4]C-H4[i]0C,- 
11.1^  (B.  28,  R.  78,  83),  has  a  very  sweet  taste.  See  p.  158  for  Diamido-di[menyk>xid^ 
ainidophenylsulphides. 

mOxydiphenylamine,  CgH5NII[3]CjH^[l]OH,  melting  at  82®  and  boiling  at  340*. 
and  p-  Oxydiphenyliimine^  melting  at  70®  and  boiling  at  330®,  arc  fonned  on  heating 
resorcinol  (p.  160)  and  hydroquinone  with  aniline  and  zinc  chloride  (B.  aa,  2909).  Tbe 
oxydipheiiylamines  are  intimately  related  to  the  indophenol-dyes.  (See  Quinones.) 

Diamidophenols.— [2,4]-Z?/tfw/./*>/^<'«<;/,  (NH,),[2,4jC,II,[i]OH,  is  oblamed 
from  [2,4]-dinitrophenol,  and  by  the  electrolytic  reduction  of  m-dinitrobenxene  or 
m  nitroaniline  in  sulphuric  acid  (B.  26,  1848).  The  free  base  is  very  unsUble,  and  its 
salts  have  been  used  as  developers  in  photography  under  the  name  amidol.     m-AnilidO' 

X^phniitidin,,   CVl5NII[3]C5H3|[^^!^"5.  seep.  155,  under  Hydrazine  Phenols,  for 

its  formation. 

Picramic  Add,  \2\Amido\i,\\-dinitrophenol,  C:;H,(NH,).  (NO,), .  OH,  is  obtained 
by  eva|x>rating  ammonium  picrate  in  alcoholic  solution  with  ammonium  sulphide.  It 
forms  red  needles,  which  melt  at  165°. 

[2,4,6]  Triamidophenol,  C„H,(NIl2),.  OH,  is  obtained  from  picric  acid  by  the 
action  of  phosphorus  iodide,  or  by  tin  and  hydrochloric  acid  (B.  16,  2400).  \\Tien  set 
tree  from  its  salts,  it  decomposes  very  quickly.  Its  salts,  with  three  equivalents  of  acids, 
Th  f  '^^"*     '^^*^   Hl-salt,  QH,0(NH,),.3HI.  crysUllixes  in  colorless  needles. 

nese  salts  color  water  which  is  faintly  alkaline,  and  even  spring  water,  a  beautiful  blue, 
in  riT*''  ""^^"l^Y^^  ^e  added  to  the  solution  of  the  hydrochloride,  it  will  become  deep  blue 
di  /m  •  J'  *J1  ^»"o^n-^'"e  needles  with  metallic  lustre  will  separate  ;  they  are  HClamUo 
l>eautifulblu''''^*l°*"  ^**™'d^l"'"^"*^'™'dc  (see  this),  which  dissolves  in  water  widi  t 

18^)"  *^^'"*^"^  triamidophcnol  has  been  prepared  by  reducing  diquinoyltrioxime  (B.  30, 

DU^ioo^.^''r''''tr'''^^^^  (Nn,\C,HOCH,  (B.  25,  282). 
nitrous  lMn^l'~:7r^^^  HO.C,H,N,Cl,  result  from  the  action  of 

»»»e  o-  and  n  IUa     Y  ^>'d'"«^^»^'^"^es  of  the  amidophenois.     The  free  diazohydrates  of 

^iiazo-group^' iSntitef '  ^"'1!''  ^i?"i^  anhydrides,  in  that  the  second  affi^ty  of  tbe 
K  uups,  joms  Itself  to  the  phenol  hydrogen  (B.  29,  1522) : 

<^H.{N.>,  C.H.a.{N,>,  C.H,(NO.){N.>. 
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li-Diazophenol  Cyanide,  HO[4]Cgn^iV2 .  CN,  from  the  action  of  potassium  cyanide 
on  the  chloride,  consists  of  yellow  needles.  Caustic  jxjtasli  saj)onifies  it  to  the  potassium 
salt  oi  diatophenoUar boxy  lie  acid,  HO  .  CgM^N,CO(Jll.  Dibromphetioldiazo  sulphonic 
Acid,  C,H,Br,(OH)NjSOjH  -j-  2H,0,  can  be  isolated  from  its  potassium  salt  produced 
from  the  iateraction  of  potassium  sulphite  and  dibromphenoldiazocbloride. 

j^Pfunoidiazomtrcaptan  Hydromlphide,  C,H^(OH) .  N,SH  .  SH^,  from  the  action  of 
hjdrogen  sulphide  upon  diazophenol  solutions,  consists  of  red  needles  melting  at  75® 
with  decomposition  (B.  a8,  3250). 

Hydrasine  Phenols. — ^The  free  bodies  are  exceedingly  unstable. 

o-Hydraxme  Anisol,  NH,NH[2]CeH^[i]OCH,,  melts  at  43**  and  boils  at  240°  (A.  aai, 
314).  Benzene-p-hydrazine  phenol  ethers  result  from  the  reduction  of  the  alkyl  ethers 
of  the  oxyazobenzenes  or  azophenols ;  they  show  the  semidine  rearrangement  when  acted 
upon  with  stannous  chloride  and  hydrochloric  acid  (p.  117).  Thus,  benzenes-hydra- 
zopk<9uiol  chKD%iti  to  m-ethoxy-o-amidodiphenylamine  (B.  27,  2700;  28,  R.  753;  29, 

c;h.nhnh[i]c;h.[4]oc,h. >■  ^•"{JjJK' j }  c,h.15]oc,h,. 

Axophenols,  Ozyazobenxenes. — Formation,  (i)  From  diazo-salts and  monohydric 
phenols,  m-dioxybenzenes,  m-amidophenols,  and  m-phenolsulphonic  acids : 

C^HjN  =  N .  NO,  +  C^HjOH  =  C^H^N  =  N[i]C,H,[4]OH. 

The  solution  of  the  diazo-salt  is  allowed  to  run  into  the  alkaline  phenol  solution  while 
cooling  and  stirring.  Phenoldisazobenzene  is  produced  together  with  pbenola^o- 
benzene. 

As  with  the  amidoazo-compounds,  the  entering  diazo-group  arranges  itself  in  the 
phenols  in  the  p-position,  and  when  this  is  already  occupied  it  takes  the  o-position 
with  reference  to  the  hydroxyl  group  (B.  17,  876 ;  21,  R.  814). 

(2)  By  heating  the  diazoamidobenzenes  with  monohydric  phenols,  and  also  with  re- 
sorcinol  (B.  ao,  372,  904,  1577) : 

C;HjN,  .  NH .  CjHj  -f  CjHs .  OH  =  C^Hj .  N, .  Q^\l fill  -f-  Cjllj .  NH,. 

(3)  By  the  molecular  rearrangement  induced  by  heating  azoxybenzenes  with  sulphuric 
acid  (B.  14,  2617)  : 

5h!  ^  ^^^ — ^^""^  •  ^'  •  ^•"*^" 

Asmzybenzene  Oxyazobenzene. 

(4^  By  reduction  of  the  nitrophenols  in  alcoholic  potassium  hydroxide  solution. 
(5)  By  the  action  of  anilines  upon  nitrosophenols. 

Constitution, — The  oxyazo-compounds,  containing  hydroxyl  in  the  ortho-position  to 
^e  azo-group,  are  probably  quinone-hydrazones : 

^"n[2]N =N .  q,H,       *^^«"n[2] :  N-NHc,n,  °'  '  *t[2]  k-m\ .c,n, 

oOxyazobenzene  Quinonephenyl-hydrazone. 

This  seems  to  be  eTident  both  from  their  cryoscopic  and  chemical  behavior  (B.  28, 
2415  ;  29,  2361);  compare  also  naphthoquinonehydrazones. 

p-Oxyaaobenzene,  Benzene -p-azophenol,  C^H^N  =  N[i]C^H4[4]OH,  melting 
at  148°,  crystallizes  in  orange-yellow  needles.  It  is  produced  by  the  methods  mentioned 
in  connection  with  oxyazo-derivatives ;  treated  with  phosphorus  pentachloride,  and  then 
with  water,  it  is  converted  into  the  phosphoric  ester,  PO(OCjH^N,CjH5),,  melting  at  148® 
(B.  24,  365).  Benzene-p-aaophenetol  melts  at  77^  (B.  25,  994).  p-Azophenol, 
HO[4]C,H4[i]N,[i]C;H4[4]OH,  melting  at  204®,  consists  of  light-brown  crystals.  It 
is  produced : 

(i)  By  fusing  p-nitro-  and  nitroso-phenol  with  caustic  alkali. 

(2)  By  tbeptunngof  diMzobeazeue  nitiale  with  phenol. 
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(3)  From  p-ozyazobenzene-salphonic  acid  (B.  15,  3037). 

^^  1^-  i7t  35 It  for  the  azo-  and  diazo-deriTatives  of  £e  cretoli. 

The  sulpho- acids  of  the  oxyazol)enzeiies  are  dyts — ^.^.,  p-Su' 
phenol,  SO,lI[4]C,H^[i]N  =  N[2]C,HT4]OH,  from  p-oxyaxobemene  and 
acid,  and  from  p-diazobcnzene-sulphonic  acid  by  means  of  sodium  phenate,  is  tnfinHtu  Y 
(from  yellow)  of  commerce  (U.  ix,  2192).     Also  compare  resorcinoL 

Sulphonic  Acids  of  Phenol. — ^The  sulphonation  of  phenol  pro- 
ceeds with  the  replacement  of  the  o-  and  p-hydrogen  atoms,  just  as  in  the 
nitratiun  process  (the  sulpho-groups  enter  the  meta-position  with  refer- 
ence to  one  another) : 


PiH, 


o-  and  p-Phenolsulphonic  Acids  are  formed  when  phenol  dissoK-es 
in  concentrated  sulphuric  acid ;  at  medium  temperatures  the  foriner  is 
the  more  abundant,  but  readily  passes  into  the  para-  on  the  application 
of  heat,  or  even  upon  boiling  with  water.  o-Phenetolsulphonic  acid  is 
just  as  easily  changed  to  the  p-acid  by  heating  it  to  100°  (B.  37,  R- 
59O. 

The  acids  are  separated  through  their  potassium  salts.  On  allowing  to  crystal- 
lize the  potassium  salt  of  the  /tf/vj-acid  first  separates  in  hexagonal  plates;  later  the 
oriho-sali,  QII^(()II)  .  SO,K  -j-  2H,0,  crystallizes  out  in  prisms,  which  soon  efBor- 
«-scc  on  expoMire  (A.  205,  64). 

'I'he  free  acids  can  be  obtained  in  crystalline  form  by  the  slow  evaporation  of  their 
ar{ueous  solution.  The  aqueous  solution  of  the  ortho-acid  is  applied  as  an  antiseptic 
under  the  name  of  aseptol  (B.  18,  R.  506).  The  para-acid  yields  quinone  if  its  sodium 
salts  Ije  oxidized  with  MnC),  and  sulphuric  acid.  When  the  ortho-acid  is  fused  with 
KOlI  at  310®  it  yields  pyrocatechin — o-dioxyl)enzene ;  the  para- acid  does  not  react  it 
320°,  and  at  higher  tem|>eratures  yields  diphenols.     (See  Diphenyl.) 

The  iodation  of  the  para-acid  pro<luces  [2fi]Di-iod-phenolsu/ph(»nie  Acid^  C,H,- 
Ij .  (OH) .  SO,II.'  This  is  applied  as  an  antiseptic,  bearing  the  name  8oxo-iodol  (B.  ai. 
R.  250). 

Meta-phenolsulphonic  Acid  [1,3]  is  produced  when  meta-benzene-disulphooic 
acid  (p.  135)  is  heated  to  170-180®  with  aqueous  potassium  hydroxide  (H.  9, 969).  The 
free  acid  contains  two  molecules  of  ILO.  Fusion  with  potassium  hydroxide  at  250® 
converts  it  into  resorcinol  [1,3].  When  para-benzene-disulphonic  acid  is  heated  with 
caustic  alkali,  mcta-phenol -sulphonic  acid  is  also  produced  at  first,  but  it  yields  resor- 
cinol later. 

Phenol  [2,4] -disulphonic  Acid  results  from  the  action  of  an  excess  of  soli^uiic 
arid  upon  phenol,  also  upon  [1,2]-  and  [i,4]-phenol-sulphonic  acid.  The  solutions  of 
the  .icid  and  its  salts  art-  colored  a  dark  red  by  ferric  chloride. 

Phenol- [2,4/)]  trisulphonic  Acid  is  obtained  when  concentrated  sulphuric  acid  and 
I*,0-,  act  ui)on  pluiiol.     It  cry.stallizes  in  thick  prisms  with  3^'II,0. 

See  15.  a8,  R.  378,  399,  for  the  amidophenol-sulphonU  acids. 


THIO-DERIVATIVES  OP  PHENOL. 

IGS^*'^^*^^*"®  ■~'^*^'°P***"°''    Phenylmercaptan   [PJien/Aio/],  C^H^SH,  boiling  at 

Icttin  ^P  c  ^^'  K*'-^^''>'  "  07H  (14°),  is  a  mobile,  ill-smelling  liquid.     It  is  made  (I)  by 

sulnl,^  *A  »ct  ujwn  phenol  (Z.  f.  Ch.  1867,  K)^) ;  (2)  by  distilling  sodium  benzene 

I  Kinate  with  jKitassium  sulphydrate  (B.   17,  2080);  (3)  from  phenyklithiocarboiiic 
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BteiB  (see  below).  It  manifesU  great  tendency  to  throw  off  hydrogen  and  become 
benyldisidphide ;  hence  it  often  acts  as  a  reducing  agent  (compare  B.  29,  R.  979). 
Ser€ury  TTkiophenaie^  (C;H5S),Hg.  Thiophenyl  Acetal,  C^Hj .  S . CH,  .  CH (OCjHj),, 
oils  at  373^  (B.  24,  160).  Thiophenylacetone  melts  at  34°  and  boils  at  266^  (B.  24, 
63).  Conmlt  B.  24,  234;  28,  1120 ;  A.  253, 161,  for  mercaptal  (i,  204)  and  mercap- 
ol  deriTrntiTes  of  thiophenol.  Phenyl  Orthothioformic  Ester ^  (^# H«S .  CO,  .  C,H.,  boils 
It  260®  (B.  19,1228).  PheHyldithiocarbonic  Ester,  CjHgS.CSOR,  is  formed  from 
Liaaobenzene  chloride  and  represents  a  common  reaction.  It  yields  thiophenol  when 
(spoaified.  This  is  the  most  convenient  way  of  preparing  thiophenols  (B.  2X,  K.  915). 
€Hamo^en%ene  Thiophenyl  Ester,  C^H^N, .  SC^H^,  an  oil,  is  produced  from  diazobenzene 
chloride  and  phenylmercaptan  (B.  28,  3237). 

o-  Thiocresol  melts  at  15®  and  boils  at  188® ;  the  m-body  is  a  liquid  boiling  at  195-205®, 
while  the  p- compound  melts  at  43®  and  boils  at  194°.  Thiocymene,  (CH,)(C,H7)CgH,SH 
(lee  carvacro],  p.  1 45). 

Mention  should  be  made  of  o-amidothiophenol,  one  of  the  numerous  substitution 
products  of  thiophenol,  because  of  its  heterocyclic  condensation  products. 

o-Amido-tbiophenol,  NH2[2]C^H4[i]SH,  is  obtained  from  ortho-nitro-benzene- 
aolphoDic  chloride  by  reduction  with  tin  and  hydrochloric  acid.  A  better  method  to 
pursue  is  to  fuse  benzenyl-o-amidothiophenol  with  caustic  potash  (B.  20,  2259).  It  melts 
ml  26^  and  boils  at  234®. 

jn-Amidothiophenol{^,  27,2816). 

The  condensations  of  the  o-Amidothiophenols  (compare  o-diamines,  p.  95  and 
o-amidophenols  (p.  153).  (i)  Benzothiazoles  are  formed  on  heating  o-amidothiophenol 
with  carboxylic  acids,  acid  chlorides,  or  acid  anhydrides.  (2)  o-Amidothiophenol,  by 
the  action  of  chlorcarbonic  esters,  forms  fi-oxybenzotkiazole  or  carbonylamidothio- 
phenol.  (3)  Carbon  disulphide  produces  ti-sulphydrobenzothiazole  (see  this).  (4) 
Nitrous  acid  converts  o-aniidothiophenol  into  ophenyUne  diazosulphide  (see  this) ;  at 
200-220®  tliis  becomes  diphenytene  disulphide  : 


CHjCOaH 


o-Amidolhi<^ 
pbcDol. 


ClCO^Hj 


^"4[;i>°«-^«"4[;Jnh>% 


cs. 


T^"4[2]N^^ 

\r  H  /['JSf'nc  H 


[2]NH 

^-  Sulphydroben/.othiazole 


i^ 


//•Methylbcnzothiiizole 
Ethenylamidothiophenol 

fi-Oxybenzothi- 
azole  or  car- 
boiiyl-oamido- 
thiophenol 


o-Phenylene  diazosulphide 


Diphenylenc  disulphide. 


Phenylsulphoearbazine  {^  I27)is  also  a  heterocyclic  derivative  of  o-amidothiophenol. 
Sec  p.  160  for  the  condensation  of  o-amidothiophenol  with  pyrocatechol  to  thiodiphenyl- 
amine. 

Sulphides.— /'>(^ffr/  Disulphide,  (C,IIj),S^  melting  at  61°  and  boiling  at  310°, 
results  from  the  oxidation  of  thiophenol  with  a  chromic  acid  mixture  or  in  ammoniacal 
solution  bj  the  oxygen  of  the  air;  by  the  action  of  iodine  u|X)n  aqueous  potassium  thio- 
pbenate;  by  heating  thiophenol  with  benzene  sul phi nic  acid;  by  heating  thiophenol  or 
phenylsulphide  with  snlphur,  etc.  Reducing  agents  decompose  it  into  two  molecules  of 
thiophenol,  and  alcoholic  potash  breaks  it  down  into  potassium  thiophenate  and  potassium 
benzene  snlphinate. 

Phenyl  Sulphide,  (CLH.),S,  Benzene  sulphide,  a  colorless  liquid  with  an  odor 
resembfing  that  of  ledu,  boils  at  292®  and  has  a  specific  gravity  of  1. 12.  It  is  formed 
(I)  by  diitilling  phenol  with  P^Sj  (along  with  thiophenol) ;  (2)  in  the  distillation  of 
wdiam  benzene  solpbonate,  as  well  as  in  the  action  of  benzene  diazochloride  upon 
lodiuffl  thiophenate  with  P^  (B.  2$,  2471);  (3)  on  heating  sulphut  >n'\IV\  d\v>^eu>|V 
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sulphone  (method  of  preparation),  into  which  it  is  also  converted  by  oxidants  (B.IS, 
2816);  (4)  upon  heating  mercury  diphenyl  with  sulphur  (B.  27,  1771);  (5)  phenji 
sulphide  and  its  homologues  are  also  readily  (irepared  by  heating  aromatic  lead  mercap- 
tides  with  haloid  benzenes  (the  bromides  are  the  best  adapted  for  this  parpose)  (B.  4, 
2322).  Diphenykne  sulphidi  or  dibenzothiophene  (see  this)  is  prodaced  00  conductiog 
the  vapors  ot  phcnylsulphide  through  a  tube  heated  to  redness. 

Amidopbenyl  Sulphides  or  Thioanilines. — Formation:  Ti)  These 
result  when  nitrothiophenyls  are  reduced  (comp.  B.  29,  2362)  ;  (2)  from 
by  boiling  the  latter  with  sulphur  and  lead  oxide  (B.  4,  3S4).  Sulphur  chloride 
converts  the  dialkylanilines  into  syin.-p-tetra-alkyl-diamidophenyl  sulphides.  Silver 
nitrate  and  ammonia  desulphurize  the  tetra-alkyi  compounds,  with  the  formatioo  of 
sym.  p-tctra-alkyl-diamidodiphenylene  oxides — e.  g.^  ^[^'^iW  •  N(^^f)i]t  (^-  ■'» 
2056).  Upon  heating  methyl -thio-anilines — t.  g.^  thio-p-toiuidine — with  sulphur  to 
higher  temi)eraiures^  ihiaiole  derivatives,  Uke  dthydmihictoliddint  (see  Ijen^c^hiasakji, 
are  produced. 


C  1-f     nh 
^•Diamidodiphenyl  Sutphidt^%<i^^,^'  Nil!* 

idoxiiphenyl  Sulphide  melts  at  93°  (B,  37,  2807) 
anilines,  melting  at  80**  and  S6'' 


Tkio^tnilme^  melts  at  105***    o-ZKni^ 
See  B.  %%  2774  im  isomeric  tl^ 


Thio-^-toiuidim,  S<&2'f™*}  ;  5f[Js  Diamidoditdyl  Sulphide,  melts  at 


m^ 


The  sodium  sails  of  thio-  and  diLhio-toluidine  suf phonic  acidi  dye  mimoidanted 
(B.  21,  K.  877).     Tbey  nrc,  therefore,  so-called  subAtantiTe  cotton  dyes. 

The  bis-dia/o  salts  of  thto  p-tolaidine  combine  with  naphthylamioe-sulphonic  icWs 
and  yield  diazo  dyes  of  a  brown-red  color  (B,  20,  664). 

Thiodiphcny lim ides .  —  TModiphmyla mtm,  S  1 1 J  Jq^* r 2!  }  ^  ^  •  ^*  ^^  simptei 
of  these  heterocyclic  bodies.  Mtthylmt  Mm^  a  moat  valuable  dje^  is  derived  {mm  IL 
The  thiophenylamine  group  will  be  discussed  later  wilh  the  hetero  slat -ring  «»- 
TX)unds.  ,       *.     * 

Thioanisol,  S(C^HjOCIIj)^,  melttng  at  46",  aud  allied  bodies  are  formed  when  thu^yl 
chloride  or  sulphar  chloride  with  alammium  chloride  acts  upon  the  phenol -ethers  (A.  ijfc 

2540). 

rhenylselenidn  and  uHuridti  are  cjuiie  readily  oblained  from  the  tnercuiy  diphenjl 
comix)unds  by  the  action  of  selenium  and  tellurium, 

DiphcnvlseUnidf,  (G^H^jjSe,  also  results  upon  heating  selenium  with  dipbenybel- 
phone.     Sulphur  dioxide  escapes  at  the  same  time.     It  boils  at  163**  (14  mm. )      tuftit?! 


B.  28,  1670 ; 
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Several  representatives  of  this  family  occur  10  plants,  or  ba^ 
obtained  as  decomposition  products  of  plaol  siiteiinc^a,  ^/>.  • 
m-dioxybenzene  is  especially  important  fmm  *  Iccimicai  slntitiM 

The  (Tgneml  methods  qffirmathn  arc  like  tJioie  of  ihc 

monohydric  phenols-(i)  by  fusitig  tmmh%^  '-*  ■'^'- 

zenesulphonlc  acids,  phcnolsiilpbomc r    ' 
with   potassium    hydroxide  (pp*  ij— 
amido-phenols;  and  (5)  by  the 
alone  or  with  lime  or  Iwyt^j. 

(4)  o-  and  p-Dioxyt 
their  correspond i^gj^ 
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>f  the  two  hydroxy!  groups  with  reference  to  one  another.  The  three 
implest  dioxybenzenes : 

Pyrocateckol [1,2],  Resarcinol\\y'T^y  Hydroquinone [1,4],  are,  therefore, 
ypical  representatives  of  the  three  groups  of  dihydric  phenols.  The  de- 
[)ortment  of  such  bodies  can  be  fully  illustrated  through  them.  The 
iihydric  phenols  can  be  changed  by  chlorine  to  hydroaromatic  keto- 
thhrides^  whose  carbon  ring  may  be  readily  ruptured  (see  p.  44). 
Chloroform  and  caustic  potash  convert  them  into  dioxyaldehydes,  while 
they  yield  dioxycarboxylic  acids  with  carbon  tetrachloride  and  caustic 
potash. 

Pyrocatechin  Group, — All  o-dioxybenzenes  are  colored  green  by  ferric 
chloride.  They  are  further  distinguished  from  the  m-  and  p-compounds 
by  their  ability  to  readily  exchange  their  hydroxyl  hydrogen  atoms  and 
thus  form  cyclic  esters. 

Pyrocatechin,  I^rocatechol.  o-Dioxy benzene,  \i,2-Fhendioi'\ 
CJl4[i,2](0H)„  melting  at  104**  and  boiling  at  245**,  was  first  (Reinsch, 
1839)  obtained  in  the  distillation  of  catechine  (the  juice  of  Mimosa 
caiecAu),  and  also  from  Maringa  tannic  acid. 

It  is  produced  in  fusing  many  resins  with  caustic  potash.  It  occurs  in  kinoy  the  dried 
juice  of  different  kinds  of  Pterocarpus,  Butea,  and  Eucalyptus,  in  beechwood  tar,  and 
bas  been  obtained  as  a  by-product  in  the  manufacture  of  parafBn  from  bituminous  shales 
il  the  Messel  mine,  near  Darmstadt,  etc.  Pyrocatechol-sulphuric  Acid  occurs  in  the 
nine  of  the  horse  and  in  that  of  man.  It  is  artificially  made  (i)  by  oxidizing  phenol 
vith  hydrogen  peroxide ;  (2)  by  the  distillation  of  protocatechuic  acid,  or  [iCO^H ,  34]- 
iioxybenzoic  acid  ;  (3)  by  fusing  [i,2]-chlorphenol,  [i,2]-bromphenol  (B.  27,  R.  957, 
D.  P.  76,597),  [1,2] -benzene  disulphonic  acid,  and  [i,2]-phenolsuIphonic  acid  with 
anstic  potash  ;  (4)  by  heating  guaiacol  pjrrocatechol  monomethyl  ether  (see  this)  to  200° 
irith  hydriodic  acid. 

On  exposure  to  the  air  its  alkaline  solutions  assume  a  green,  then  brown,  and 
inally  a  black  color.  Lead  acetate  throws  out  a  white  precipitate,  PbC^H^O,,  from  its 
iqoeoiis  solution.  Neither  resorcinol  nor  hydroquinone  shows  this  reaction.  Pyroca- 
echin  reduces  cold  silver  solutions  and  alkaline  copper  solutions.  The  application 
>f  heat  is  required  in  the  latter  case.  Pyrocatechin  in  glacial  acetic  acid  solution  is  con- 
rerted  by  chlorine  into  tetrachlorpyrocatechin,  tetrachlor-o-quinone  (p.  169),  and  hexa- 
•klor-0'diket(hK'kexene{^,  i^^).  In  nitrous  acid  to  </i<7;r^/ar/ar7V  ari^.  Consult  p.  160 
'or  the  heterocyclic  formations  obtainable  from  pyrocatechol.  Heated  with  phthalic 
inhydride  and  sulphuric  acid,  it  yields  alizarine  Tsee  this)  and  hystatarine  (see  this). 
i^Qoipare  protocatechuic  aldehyde  and  protocatechuic  acid. 

Ethers. — ^The  monomethyl  ether^  HO[l]CjH^[2]OCHj,  melting  at  28®  and  boiling 
a  250**,  Guaiacol,  occurs  in  the  creosote  from  beechwood  tar  (B.  28,  R.  156).  It  is 
voduced  on  heating  pyrocatechin  with  potassium  hydroxide  and  potassium  methyl  sul- 
ihate  to  180**,  as  well  as  by  heating  calcium  vanillate,  and  from  veratrol  (B.  28,  R.  362). 
F'erric  chknide  gives  its  alcoholic  solution  an  emerald-green  color  (see  vanillin). 

Dimethyl Hk€rytX9Xio\S.jL\^i;i\{OC\\^^,  melting  at  15**  and  boiling  at  205%  is 
ireparcd  by  treating  the  potassium  salt  of  the  monomethyl  ether  with  CH^I ,  and  by 
UstilUng  Tetraric  ac&  with  lime.     The  ethylene  ester  boils  at  216^  (A.  280,  205). 

Pyroeateehin  sulphite  boils  at  210-211^  (B.  27,  2752) ;  pyrocatechin  chlorphosphine 
Belts  at  lyoPi  pyrocatechin  oxychlorphosphin  melts  at  35®  (B.  27,  2569)  (see  below). 
Dieuetyi ester,  ^H^[l,2](OCOCH,),. 

The  etsrbomc  ester,  C^H^  |  Nio-^^^'  results  from  the  action  of  chlorcarbonic  ester 
ipoo  pyiocatechiii,  melts  at  i  l8^and  boils  at  227®  (B.  13,  697 ;  A.  226,  84).  Afonobenzoyl 
Iter  melU  at  130^  (B.  a6,  1076).     Dibentoyl  ester  melts  at  84®  (A.  210,  261). 

HeCeio-ffinf   Formations  from  Pyrocatechol. — By  the  replacemeuX  ol  \x^ 
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hjrdroxyl  hydrogen  atoms  of  pyrocatechol  cyclic  esters  are  formed  wilh  SOCl,,  PCl„ 
roCI,,  COCI,,  and  ethylene  bromide.  o-Phenylenediamine ,  o-amidophenol,  and  o-amido- 
thiophenol  condense  with  pyrocatechin,  forming pAenagmeypkcftoxazine,  and  ikiodiphenyl- 
amine  : 

^J— .H,{[jjO>SO 


<^".{(3 


lOIi 
OH" 


-><:. 


Sol- 


-'^^•-   >c.H.{['jg>Poa 
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»ai-«i'^»»4i*t*J"  t^P 


Pyrocatechol 
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PyrocatecholChlor- 
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Pyrocatechol  Oxy- 
chlorphosphine 

Pyrocatechol    Car- 
bonate 

Pyrocatechol  Ethy- 
lene Ether 

Phenazine 

Phenoxazine 

Thiodiphenylam- 
ine. 


Homologous  Pyrocatechols. — /jroA{?/wo/>'r(Vtf/^rift<?/,CH,rilC^H,[2^](OH),.  melts 
at  47°  (B.  24,  4137).  Homopyrocatecholy  CH3[i]C^H,[3,4j(OH)„  melting  at  51°  and 
boiling  at  251°,  occurs  in  the  form  of  its  3 -methyl  ether  as  creosol,  CH,[i]CjH5[3]- 
(OCIl3)[4]OII,  boiling  at  221°,  in  beechwood  tar,  together  with  phloral  (B.  14,  2005). 

Creosol  is  also  formed  together  with  guaiacol  (see  above)  in  the  distillation  of  guaiacol 
rei>in.  Higher  homologues  of  pyrocatechol  have  been  obtained  by  treating  pyrocatechol 
with  aliphatic  alcohols  and  zinc  chloride  (B.  a8,  R.  312;  D.  P.  78,882). 

Monothiopyrocatechol,  CgH^[i,2](SII)(OH),  melting  at -f  5°  and  boiling  at  217®, 
results  from  the  reduction  of  diphcnoldisulphidc ^  [C^H^OHj^S,,  produced  on  heating 
sodium  pheuoxide  with  sulphur. 

Diphcnylene  Disuiphide,  or  Thiafithrene,C^U^\\'Jl?\''\\C^H^,    melting  at   158° 


and  lx)iling  at  360°,  should  be  regarded  as  a  derivati 


ivative  of  dithioi 


iopyrocatechol,  C^H^(SH),. 


It  is  made  by  boiling  phenylsulphide  with  sulphur,  also  from  benzene,  SCI,,  and 
aluminium  chloride,  as  well  as  by  heating  phenylene  diazosulphide  (p.  157).  Oxidation 
converts  it  into  a  distdphone^  ^^J^^i)'f^^K'  When  the  latter  is  heated  with  selenium 
Diphcnylene  Z)/>r/^';«V/^,  selenanthrene,  C^H^ :  (Se,)  :  CjH^,  melting  at  iSl^and  boil- 
ing at  223°(II  mm.),  results  (B.  29,  435,  443). 

Resorcinol  Group. — Resorcinol  and  many  of  its  homologues  com- 
bine with  phthalic  anhydride,  the  products  being  the  fluoresceins  (see 
these).  The  aqueous  solutions  of  the  m-dioxybenzenes  are  colored  dark 
violet  by  ferric  chloride. 

Resorcinol,  C«H4|"i,3](OH)2,  melting  at  118°  and  boiling  at  276°,  is 
produced  from  Gaidanum^  Asafxtida^  and  other  resins  upon  heating 
them  with  potash,  as  well  as  by  distilling  the  extract  of  Brazil-wood.  It 
can  also  be  obtained  from  many  m-disubstitution-products  of  benzene, 
such  as  [i,3]-chlor-  and  iodphenol,  [i, 3] -phenolsul phonic  acid,  [1,3]- 
benzene-disulphonic  acid,  etc.,  on  fusing  them  with  potash  or  soda  at 
230-280°  ;  by  the  same  method  from  umbelliferone. 

Even  o-  and  p-compounds  (B.  7,  11 75  ;  8,  365),  especially  when  fused 
at  high  temperatures  with  caustic  alkali,  yield  resorcinol ;  hence  the  potash 
fusion  is  not  available  in  the  determination  of  position  (p.  149).     Resor- 
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cinol  is  made  on  a  technical  scale  from  m-benzene-disulphonic  acid 
0.  pr.  Ch.  [2]  20,  319). 

Properties  and  Department. — Resorcinol  crystallizes  in  rhombic  prisms 
or  plates.  It  dissolves  readily  in  water,  alcohol,  and  ether,  but  not  in 
chloroform  and  carbon  disulphide.  It  possesses  a  sweet  taste.  Lead 
acetate  does  not  precipitate  its  aqueous  solution  (distinction  from  pyro- 
catechin). 

Sodium  amalgam  reduces  resorcinol  to  dihydroresorcin  (A.  278,  20),  or  xn-dikeiohexa- 
wutkyUne  (B.  27,  21 29).  Bromine  precipitates  it  from  aqueous  solution  as  tribrom- 
resorcinoly  melting  at  111°,  while  chlorine  converts  it  in  glacial  acetic  acid  solution  finally 
into  kepiachlor-resorHnel  (p.  46)  (B.  26,  498),  which  can  be  easily  decomposed. 
Fusion  with  caustic  soda  produces  phloroglucin,  pyrocatechol,  and  diresorcinol^ 
(H0),C;H,  —  C;H,(0H),  (B.  26,  R.  233).  The  chlorhydrate  of  a  triresorcinol, 
CjgHi^O^  (A.  289,  61),  is  formed  when  resorcinol  is  heated  with  hydrochloric  acid. 

Fluorescein  is  produced  when  resorcinol  is  heated  with  phthalic  anhydride. 

If  resorcinol  be  heated  with  sodium  nitrite,  it  forms  a  deep- blue  dye,  soluble  in  water. 
Acids  turn  thb  red  (B.  17,  2617).  It  is  used  as  an  indicator  under  the  name  of  lacmoid 
(B.  18,  R.  126).  Nitric  acid,  containing  nitrous  acid,  converts  resorcin  into  two  dyes, — 
resontfin  and  r^J4is«nif,— derivatives  of  phenoxazine  (see  this)  (B.  23,  718). 

When  diazo-salts  act  upon  aqueous  or  alkaline  resorcinol  solutions,  azodyes  and 
disazodyes  are  produced ;  thus,  with  diazobenzene  nitrate  or  chloride  the  products  are : 

BeHtmeatoresorcinol,  (C^HjN,)CgH,(OHV.,  a-  and  ^-diatobenzene-disazoresorcinol^ 
(C;HjN,),C,H,(OH),  (B.  15,2816;  16,  2858;  17,880);  while  with  the  diazochloride 
of  amidoazobenzene  there  results  as<73/ifs/ff^-a2(7-r^jtfrrfMtf/,  CjHjN,.  C^H^N,.  C^H3(OH), 
(B.  15.  2817). 

Ethers  and  Esters, — ^The  monomethyl ether  boils  at  243®  (B.  16,  15 1).  The  dimethyl 
ether  boils  at  2I4«>  (B.  10,  868).  The  diacetyl ester  \xi\\s  at  278°  (B.  16,  552).  The 
duarbcnie  ester,  CjH/OCOjCjHj),.  boils  at  300®  (B.  13,  697).  The  dibetttoate  melts 
at  117°  (A.  210,  256).  Resorcinol  combines  with  the  various  sugars  under  the  influ- 
ence of  hydrochloric  acid  (B.  27,  1356). 

Dinitroso-resorcinol,  diquinoyldioxime,  C,H,[i,3](OH),[4,6](NO),  or  C,fl,(0),- 
(N.OH)3[i,3,2,4],  ciystallizes  in  yellow-brown  leaflets,  which  detonate  on  heating 
to  1 15®  C.  (B.  20,  3133).  It  occurs  in  commerce  under  the  names  solid  green,  or 
ekUrine. 

Nitric  acid  vapors  oxidize  resorcinol  to  v-dinitroresorcin,  (NOj),[2,4]CjH,[i,3]- 
(CH),,  melting  at  115®.  Isodinitroresorcin,  Styphnic  Acid,  Oxypicric  Acid,  (NO,),- 
[4,6ic,H,[i,3](OH)„  melts  at  2120. 

When  cold  nitric  acid  acts  on  resorcinol  and  various  gum-resins  (galbanum,  etc.), 
or  by  nitrating  metanitrophenol  and  various  dinitrophenols,  we  get  'Irinitroresorcinol, 
(NO,),[2,4,6]C^H[l,3](OH),.  It  melts  at  175®.  Ferrous  sulphate  and  lime-water 
color  it  green  (picnc  acid  colors  it  blood -red).     The  diethyl  ester  melts  at  120®. 

Thioresorcinol,  C^H4[i,3](SH),,  melts  at  27°,  and  boils  at  243°.  It  results  from 
the  reduction  of  benzene-m-disulphonic  chloride,  and  when  heated  with  phenyl isocyanate, 
becomes  bisphenyUarbamate,  <^H^(SC0NHCjH5)„  melting  at  179**  (B.  29,  R.  177). 

Homologous  Resorcinols. — Orcinol  is  by  far  the  most  important 
body  among  those  which  follow : 

M.P.  B.P. 

otciooi c!rjnQn,[3,5i(OH),      107**  2890 

CreMTcin CHj[i  i:jt\y^A{i\\V)^  1040  269°  (B.  19. 136). 

2,6-Dios7tolaene, CHj[i  CJf,[2,6l{OH),  640   —    (B.  17.1963). 

2,4-Dicn3r-m-zylene,    ....  |CH,)/-  .-..- m +- .^.^nv  ...o  ..^o.« \ 

m-Xylorciii, (CH^), 

/9-arciii, (CIlj), 

Metofcin, (*'Hj)j^  __^  ^    ,        _^  . 

Ditertiary-amylresorcinol,  (C^HjJ^^U^[j,j](OH),        890   —    V.^.^V^^S'i^- 


;i,3lC,MJ2,4 


(OH),  147**  149**  (B.  23,3114). 

(OH),  1250  277*>j(B.  19,    ^^ 

. .   „    ..-,  J(Q")i  1630  2790  /  2318). 

i,3>S]^V>CC)")a        H9**  275°  (A.  215,  loo|. 
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Orcin,  Oreinol,  CH,[i]CeH4;3,5](OH)„  is  the  most  important  of  the 
six  theoretically  possible  and  known  dioxytoluenes  (B.  15,  2995).  It  is 
found  in  many  lichens  of  the  variety  Roccella  and  Lecanora^  partly  free 
and  partly  as  orseliic  acid,  or  partly  as  erythrine  or  diorsellic  erythric 
ester.  It  is  obtained  from  orseliic  acid  either  by  dry  distillation  or  by 
boiling  with  lime. 

It  is  obtained  by  fusing  the  extract  of  aloes  with  caustic  potash.  It  can  be  prepared 
synthetically  from  3,5-dinitro-p-toluidine  and  various  other  toluene-derivatives  fay  the  re- 
placement of  their  side  groups  by  hydroxyl  groups  (B.  15,  2990). 

Orcin  is  produced  in  the  distillation  of  o-dioxypbenylacetate  of  silver,  (HO)^3,5]C^- 
H,[i]CH,.  CO,Ag(B.  19, 1451),  and  upon  heatingdehydracetic  add  (see  vol.  i)with  con- 
centrated caustic  potash  (B.  a6,  R.  316).  Orcin  crystallizes  in  colorless,  six-sided  prisms 
containing  one  molecule  of  water.  It  dissolves  easily  in  water,  alcohol,  and  ether,  and 
has  a  sweet  taste.  It  melts  at  56®,  when  it  contains  water,  but  gradually  loses  this,  and 
melts  (dried  in  the  desiccator)  at  107®.  It  boils  at  290^.  Lead  acetate  precipitates 
its  aqueous  solution;  ferric  chloride  colors  it  a  b!u€  violet.  Bleaching  lime  causes 
a  rapidly  disappearing  dark -violet  coloration.  It  yields  azo-coloring  substances  with 
diazocompounds,  and  therefore  has  the  20H-groups  in  the  meta-positioQ  (p.  154). 
It  does  not  form  a  fluorescein  with  phthalic  anhydride  (p.  160).  Chlorine  changes  it, 
when  dissolved  in  glacial  acetic  acid,  into  trichlororcin,  melting  at  127®.  Dissolved  in 
chloroform  it  is  converted  by  the  same  reagent  into  peniachlor orcin ^  or  \\,'^^^-dikeio- 
methylpetitachlor-^hexene  (B.  26,  317)  (p.  46). 

Nitrosoorcin^  CH, .  C^H,(OH),(NO),  consists  of  two  modifications— dark-red  crys- 
tals and  bright-yellow  needles ;  the  first  change  to  the  second  when  heated  to  IOO-II<^ 
(B.  29,989). 

On  allowing  its  ammoniacal  solution  to  stand  exposed  to  the  air,  orcinol 
changes  to  orcein,  CmHmNxOt  (B.  23,  R.  647),  which  separates  out  in  the 
form  of  a  reddish-brown  amorphous  powder.  It  dissolves  in  alcohol  and 
alkalies  with  a  dark-red  color,  and  is  reprecipitated  by  acids.  Orcein 
forms  red  iac-dyes  with  metallic  oxides.  It  is  the  chief  constituent  of  the 
coloring-matter  tfrM/7  (called  also  persioy  cudbear,  and  purpur — French) 
which  originates  from  the  same  lichens  as  orcinol  through  the  action  of 
ammonia  and  air.  Litmus  is  produced  from  the  lichens  Roccella  and 
Lecanora  by  the  action  of  ammonia  and  potassium  carbonate.  The  con- 
centrated blue  solution  of  the  potassium  salt,  when  mixed  with  chalk  or 
gypsum,  constitutes  the  commercial  litmus. 

Iso-orcin  (Cresorcin,  > -orcin),  b  obtained  by  fusing  2,4-toluene  dbniphonic  add 
with  KOI  I. 

^-Xylorcin,  or  pOrcin,  from  m-dinitro-p-xylene,  rapidly  acquires  a  red  color  on 
exposure  to  air  containing  ammonia.  It  has  been  obtained  by  distillation  from  various 
lichen  acids — e.  g. ,  usnic  ad  J,  Mesorcin^  or  dioxymesitylene,  is  made  from  dinitro- 
mesitylene. 

Hydroquinone  Group. — The  p-dioxy benzenes  are  usually  called 
hydroquinones,  because  they  are  easily  obtained  by  the  reduction  of  the  p- 
quinones,  and  just  as  readily  reconverted  into  the  latter  by  ferric  chloride. 

Hydroquinone,  Y>-Dioxybenzene,  QH4[i,4](OH)„  melting  at  169°, 
was  first  obtained  by  the  dry  distillation  of  quinic  acid  and  by  digesting 
its  aqueous  solution  with  lead  dioxide  (Wohler,  A.  65,  349): 
C,H7(OH),COOII  -h  O  =  CjH,(OH),  -f  CO,  -f-  3H,0. 

It  results  also,  together  with  glucose,  on  boiling  the  glucoside  arbutin 
with  dilute  sulphuric  acid,  and  occurs  in  Protea  mellifera  (B.  39,  R.  416). 
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It  is  further  formed  by  the  electrolytic  oxidation  of  an  alcoholic  benzene 
solution  acidulated  with  sulphuric  acid  (B.  27,  1942)^  and  by  fusing 
[i,4]-iodphenol  with  potassium  hydroxide  at  180°;  or  from  [2,5 ]-oxy- 
salicylic  acid,  and  from  para-amidophenol ;  abo  in  small  quantities  in 
the  distillation  of  succinates.  The  most  convenient  method  of  preparing 
it  consists  in  reducing  quinone  with  sulphurous  acid : 

Extract  the  bydroqainone  fixmi  the  aqueous  solution  by  shaking  with  ether,  and  purify 
the  product  by  recrystallization  from  hot  water  that  has  passed  through  animal  charcoal 
(B.  19,  1467)  and  contains  sulphur  dioxide. 

Hydroquinone  is  dimorphous  and  crystallizes  in  monoclinic  leaflets  and  hexagonal 
prisms.  It  decomposes  when  quickly  heated.  It  dissolves  readily  in  water  (in  17  parts 
at  15®),  alcohol,  and  ether.  It  forms  crystalline  compounds  with  H,S  and  SO, ;  these  are 
decomposed  by  water.  Ammonia  colors  the  aqueous  solution  reddish-brown.  It  is  only 
in  the  presence  of  ammonia  that  lead  acetate  produces  a  precipitate  in  the  solution  of 
hydroquinone.  Oxidizing  agents  (like  ferric  chloride)  convert  hydroquinone  into  qui- 
none ;  quinhydrone  is  an  intermediate  product.  • 

Hydroquinone,  like  quinone,  forms  quinone-dioxime  (p.  172)  (B.  aa,  1283)  with  hy- 
droxylamine  hydrochloride. 

Hydroquinone  is  nsed  as  a  "developer"  in  photography,  and  in  therapeutics  as  an 
antifermentative  and  antipyretic  agent. 

i?M/rr.— Methylbydroquinone,  CH,  .  0[4jC,H^[i]0H,  is  formed  from  methyl 
arbutin ;  and  firom  hydroquinone  by  heating  it  with  caustic  potash,  and  methyl  iodide  or 
potassium  methyl  sulphate  (B.  14,  1989).  It  melts  at  53°  and  boils  at  247^.  The 
dimethyl  ether  melU  at  56^  and  boils  at  205^.  The  ethyl  ether  melts  at  66^  and  boils  at 
246°.     The  diethyl  ether  melts  at  71®. 

Hydroquinone  bischlorphosphine^  CjH^(OPCL),,  melts  at  65°  and  boils  at  200° 
(65  mm.),  while  hydroquinone  bisoxychlorphosphtne^  CgH^(OPOCl,)„  melts  at  123®  and 
boils  at  27o<>  (70  mm.)  (B.  ay,  2568). 

Hydroquinone  Diacetate,  ^^AO  .  COCH,),,  melts  at  1230. 

Hydroquinone  Dibentoate^  WH^(0 .  COC^Hj),.  melts  at  199®. 

Homologous  Hydroquinones  are  usually  prepared  by  action  of  sulphur  dioxide 
upon  the  homologous  quinones.  Toluhydroquinone  results  from  the  action  of  hot  dilute 
sulphuric  acid  upon  p-tolylhydroxylamine  (p.  70).  Hydro- '^  •  xyloquinone  bears  the 
name  hydrophlorone,  Dimethylhydrothymoquinone^  boiling  at  249°,  occurs  in  the 
ethereal  oil  oi  Arnica  montana  (A,  170,363).  Ditertiary -amy I- hydroquinone  results 
from  hydroquinone  and  isoamylene  with  glacial  acetic  acid  and  sulphuric  acid  (B.  25, 
2650). 

M.P. 
Hydrotoluquinone  (B.  15,  2981),  (CH3)fi]CHj[2,5](OH),  i240(A.ai5, 159). 

Hydro-o-xyloquinone, (CII,)a[i,2]c^Hjr3,6](On),  121°  (B.  18,  2673). 

Hydro-m-xyloquinone,    ,    .   .   .  (CHj,[i,3]CeHJ3»S  1(011),  150°  (B.  18, 1151). 

Ilydro-p-xyloquinone, (CHj)Ji4jQH  r2,Sj(0H),  2i20(A.2X5,i69). 

Hydrocumoquinone, (CHjJsf  i,2,4]C4EI[3,6](Oll),  1690(6.18,1152). 

Hydiothymoquinone, (CHj)(C3Hj)ri,4lCYL[2.S](OII),  I39^  B.  P.  290<>. 

Ditert.  AmyUiydroquinone,     .    .  (CfiHii\C^Hj[i,4JiOH)^  185°. 

Substituted  Hydroquinones. — Monochlor-  and  monobrom-hydroquinones  have  been 
obtained  by  the  action  of  concentrated  hydrochloric  or  hydrobromic  acid  upon  p-quinone 
(B.  la,  1504)*  Monochlorquinone  gave  dichlorquinone,  etc.  (A.  aio,  153).  Di-,  tri-, 
and  tetrachlorhydroqninones  result  from  the  corresponding  chlorinated  quinone  by  the 
action  of  SO,. 

Monochlorquinone       melts  at  104° ;  Monobromquinone  melts  at  I  lo^. 

r2,Sl-Dichlorquinone        **        166°;  r2,5l-Dibromquinone  **       i86<*. 

[2, 61 -Dichlorquinone        **        158°;  [2,6j-Dibromquinone  **       163°. 

Trichlorqiiinone                "       134®;  Tribromquinone   .  **       156°. 

TetrMchJarqidnone            "       2^2^;  Tetrabromquinone  "       oa^a?. 
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[l,3]-/>iiii/r0-  and  [2,i\-dinitrodietAyihydraquinaHi^  melting  at  233^  and  176^ 
(A.  215,  149) ,  result  from  the  nitration  of  hydroquinone  diethylate  and  diaceCate.  They 
change  into  the  same  trinitrodiethylhydroquinone^  melting  at  X30®,  and  [zj^SxiirO' 
hydroquinone  diacetate^  melting  at  96^.  The  latter  compound  exchanges  an  NO|-groap 
very  readily  for  NH  .  QJl\  (B.  24,  3824). 

Nitrohydroquinime^  melting  at  133°,  is  formed  in  the  action  of  ammonium  persoi- 
phate  upon  nitrophenol  (J.  pr.  Ch.  [2]  48,  179).  Dinitrohydroquinmu  results  from 
dinitroarbutin  and  dinitrohydroquinone  diacetate.  Reduction  changes  these  compounds 
to  amidohydroquinones  (B.  2a,  1656;  23,  1211).  i^Diamidohydroqmnome  is  obtained 
from  the  dioxime  of  2,5-dioxyquinone  (p.  170). 

When  tetrachlorquinone  is  digested  with  a  diluted  solution  of  primary  sodium  sulphite 

(A.  114,  324)  we  gti  dichior hydroquinone  disulphonic acid^  ^J^  \  (^r\  t}\  •    Its  aqueoos 

solution  is  colored  indigo-blue  by  ferric  chloride.     When  its  alkaline  solution  is  boiled 
it  oxidizes  io  potassium  eulhiochroftate  (p.  170). 

Monthiohydroquinone,  C,H^[l,4](OH)(SII),  melting  at  30®  and  boiling  at  167** 
(45  mm.),  results  from  p-diazophenol  chloride  and  potassium  xanthogenate.  DUhi^y- 
droquinone^  CQli^[i,4](SH),.  melting  at  98°,  is  obtained  from  p-benzene  disul phonic 
chloride  or  diazophenyl  disulphide.  In  the  air  it  gradually  oxidizes  to  ^phenyUne  disul- 
phide,  [CgH.S,]  X. 

TRIHYDRIC  PHENOLS. 

The  three  isomeric  trioxybenzenes  are  known  in  the  compounds  p>TO- 
gallol,  phloroglucin,  and  oxyhydroquinone. 

Pyrogallol,  Pyrogaliic  Acid,  C8Hs[i,2,3](OH)s,  melting  at  132°,  is 
produced  by  the  elimination  of  COa  from  gallic  acid  or  pyrogallocar- 
boxylic  acid,  C02H[i]C6Ha[3,4,5](OH)j,  when  heated  alone,  as  was  first 
observed  by  Scheele  (1786),  or,  better,  with  water  to  210°;  also  by 
fusing  the  two  p-chlorphenol-disulphonic  acids  and  haematoxylin  with 
potassium  hydroxide.  It  forms  white  leaflets  or  needles.  It  dissolves 
readily  in  water,  with  more  difficulty  in  alcohol  and  ether.  Its  alkaline 
solution  absorbs  oxygen  very  energetically  (B.  14,  2666),  turns  brown 
and  decomi)oses  into  carbon  dioxide,  acetic  acid,  and  brown  substances. 
It  is  used  in  gas  analysis  for  the  determination  of  oxygen.  Pyrogallol 
quickly  reduces  salts  of  mercury,  silver,  and  gold  with  precipitation  of  the 
metals,  while  it  is  oxidized  to  acetic  and  oxalic  acids. 

Ferrous  sulphate  containing  ferric  oxide  colors  its  solution  blue,  ferric  chloride  red. 
I^ad  acetate  precipitates  white,  CgllgO, .  PbO.  An  iodine  solution  imparts  a  purple-red 
colur  to  an  aqueous  or  alcoholic  pyrogallol  solution.  Gallic  and  tannic  acids  react 
similarly. 

The  dimethyl  ether  is  found  in  beech  wood  creosote.  It  melts  at  51-52®  and  boils  at 
252°  (B.  II,  333).  Different  oxidizing  agents  convert  it  xwXxi  cnrutignone^  a  diphenyl 
derivative.  The  trimethyl  ether  melts  at  47®  and  boils  at  235°  (B.  ai,  607,  2020). 
Bromine  converts  it  into  xanthogallol,  CjjjHj^Br^^Og  (B.  ai,  R.  626). 

The  ethyl,  diethyl,  and  triethyl  ethers  melt  at  95®,  79®,  and  39°.  The  syrupy 
dimethyl  acetate  yields  a  (]uinone,  CjH,(OCHj),0,,  widi  chromic  acid ;  the  triacetate 
crystallizes. 

Trichlorpyrogallol,  CjClj(OH)s,  melts  with  decomposition  at  177°  (B.  ao,  2035). 

Tribrompyrogallol,  il^\x^{y)\\.\^  from  pyrogallol  and  bromine,  when  digeste<l  with 
bromine  yields  xanthogallol,  C^JI^Br./),,  melting  at  122®  (A.  245,  335).  Methylpyro- 
galloldimethyl  ether,  CH, .  CjII,(OII)(OCIIs)„  melting  at  36°  and  boiling  at  265®, 
occurs  in  beechwood  creosote  (B.  la,  137 1).  Methyl\-^,^,^\pyrogaUol\\,^'4imethyl 
Ether,  Iridol,  melting  at  57°  and  boiling  at  249°,  is  formed  on  distilling  iridic  acid^ 
CO,H  .CH,  .  CeH,(OH)(OCnj),  (B.  a6,  2018). 
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PropylpyrogaUol-dimethyl  Ether,  Picamar,  C,H^  .  CeH,(OH)(OCH,)„  boiling  at 
245^,  was  discovered  in  beechwood  creosote  by  Reicbenbacb  (B.  11,  329). 

Phloroglucin,  C^H,ri,3t5](OH),,  melts  at  218°  when  it  is  rapidly  heated.  Hlasi- 
wetz  first  obtained  it  (1B55)  in  the  decomposition  oi  phloretine  (see  this).  It  can  also 
be  prepared  from  quercetine^  kesperidine,  and  other  glucosides  (see  these).  It  is  formed 
from  different  resins  (catechu,  kino,  dragon*s  blood,  and  others),  on  fusion  with  caustic 
potash.  It  is  most  easily  made  by  fusing  resorcinol  with  caastic  soda  ( U.  14,  954 ;  18, 
1323) ;  by  the  fdsion  of  orcin  and  benzene  trisulphonic  acid  with  sodmm  hydroxide ; 
also  by  the  saponification  and  decomposition  of  synthetically  prepared  phloroglucin- 
tricarboxylic  ester,  which  gives  up  3CO,  (B.  z8,  3454). 

It  crystallizes  in  large,  colorless  prisms  with  2\\jd ;  these  effloresce  in  the  air.  It 
loses  all  its  water  of  crystallization  at  iio^,  melts  at  218°,  and  sublimes  without  decom- 
position. It  has  a  sweetish  taste,  and  dissolves  readily  in  water,  alcohol,  and  ether. 
Lead  acetate  does  precipitate  it ;  ferric  chloride  colors  its  solution  a  dark  vioUt. 

Chlorine  oxidizes  phloroglucin  to  dichloracetic  acid  and  tctrachloracetone  (p.  46). 
One  of  the  first  intermediate  products  is  hexachhrtriketo-K-hf xylene  (p.  46).  For  the 
action  of  bromine  see  B.  23,  1706.  It  is  converted  by  reduction  into  phloroglucite  or 
sym,'trioxyhexamethylene  (B.  27,  357). 

Phloroglucin,  in  most  of  its  reactions, — for  example,  with  phenyl- 
cyanate  (see  B.  23,  269), — conducts  itself  like  a  trihydric  phenol, 
CeH8(0H)s;  on  the  other  hand  it  unites  with  three  molecules  of  hy- 
droxy lamine  to  form  a  trioxime  (see  below),  hence  it  may  be  considered 
a  triketone — \\y'^,^-triketO'hexameihylene  {^.  19,  159): 

^C(OH)— CH-^  *^CO  .  CH, 

Trioxybenzene  Triketohexamethylene. 

In  order  to  explain  the  trioxime  formation  it  might  be  assumed  that  the  [1*3. 5] -tri- 
oxybenzene formula  is  the  unstable  pseudo-form  (i,  54)  of  phloroglucin.  This  assump- 
tion is,  however,  not  necessary.  It  might  be  imagined,  too,  that  hydroxylamine  first 
attaches  itself  to  the  double  union  of  the  trioxybenzene  ring,  and  then  the  splitting  of 
the  three  molecules  of  water  took  place. 

Normal  Phloroglucin  Ethers, — The  trimethyl  ether ^  melting  at  52°  and  boiling  at  255°, 
and  the  triethyl  ether,  melting  at  43^,  are  formed  upon  heating  the  alcoholic  solutions  of 
phloroglucin  with  HCl,  and  then  with  methyl  iodide  and  caustic  potash  (H.  21,  603). 
The  trimethyl  ether  also  results  from  the  action  of  caustic  potash  upon  methyl  hydro- 
cotolne  (B.  26,  784).  Phloroglucintriacetate  melts  at  105°.  See  B.  28,  24;  29,  R. 
990,  for  the  action  of  phloroglucin  upon  the  sugars.  Nitrosophloroglucindiethyl  Ethers: 
diethoxyquinoxime,  C,H,(O^H.),(NO)(OH),  a-body  melting  at  M7°,  /iJ-variely  at  I92- 
195®  with  decomix>sition — see  n.  29,  R.  849.  Trinitrosophloroglucin,  Cg(N())3(OH), 
(H.  IX,  1375).  Trinitrophloroglucitt,  Cj(NO,)5(OH)j.  Triamidophloroglucin, 
Cj(NH,),(OH)„  yields  croconic  aet'd  vrhen  boiled  with  MnO,  and  soda  (B.  26,  2185). 

When  phloroglucin  is  treated  with  methyl  iodide  and  alcoholic  |)otashthe  final  product 
is  Hexamethylphloroglucin  or  hexamethyllriketohexamethylene,  Cg(CHj)gOs,  melting 
at  80°  and  boiling  at  248®.  Fuming  hydrochloric  acid  decomposes  it  into  diisopropyl 
ketone  and  isobutyric  acid  (B.  23,  R.  462). 

Phloroglucin  Trioxime,  C,H-(NOII),»  is  a  crystalline  powder  exploding  at  155°. 
Phenyl  hydrazine  adds  itself  to  phloroglucin  just  as  it  does  to  oxalo-acetic  ester  and  dioxy- 
succinic  ester  (p.  123). 

Oxyhydroquinones  result  from  the  reduction  of  oxyquinones. 

Ozyhydroquinone,  C0H,[  1,2,4] (OH),,  is  produced  on  fusing  hydroquinone  with 
KOH  (together  with  tetra-and  hexaoxydiphenyl  (B.  18,  R.  24).  It  is  crystalline,  very 
soluble  in  water  and  ether,  and  in  aqueous  solution  soon  acquires  a  dark  color.  It  melts 
at  140.5®.  Ferric  chloride  colors  it  a  dark  greenish- brown.  Its  t.n.-^vh'^l  ^Vbftx^ 
Cg\lg{0.  CgHg)g,  is  obtained  from  trioxyethyl  benzoic  acid  ^itom  «^>3\t;\J«C^.    \V  c»Xi  ^vi 
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be  prepared  by  ethylating  ethoxy-hjdroquinone.     It  melts  at  34®  (B,  ao,  II33).    The 
trimethyl  ether,  C0H,(O .  CH,)„  from  methoxy-quinone  (p.  170),  boils  at  247^. 

TETRAHYDRIC  PHENOLS. 

There  are  three  possible  isomerides ;  the  symmetrical  and  unsymmetri- 
cal  varieties  are  known  in  a  free  state,  while  the  third  member  has  been 
liberated  in  the  form  of  simple  ethers  from  various  plant  substances. 

(l)  Apionol,  y-Tetraoxybensene,  [Phentetrof]^  has  been  obtained  as  Dimethyl 
Apionol,  C(Ii,[i,2,3,4](0.  CH^,(OH),,  by  heating  apioltc  acid  with  caustic  potash. 


It  melts  at  loO^'  and  boils  at  298°.  Tetramethyl  Apionol,  CLII,(0 .  CH,)^,  melts  at 
81®.  [i,2]-Methylene-3,4-dimethyl  Apionol,  C,H,(0,:CH,)(O.CH,)„  Apione, 
is  formed  when  apiolic  acid  is  heated  with  dilute  sulphuric  acid.  It  melts  at  69^  (B.  24, 
2608;  29,  1806). 

i-u-Propyl'2^^t^jS-ietraoxybfnun£  is  obtained  as  methylene  dimethyl  ether,  dihy- 
droapiol,  melting  at  25®  and  boiling  at  292°,  in  the  reduction  of  isa/nol, 

(2)  IJnsym.' JWraoxybfnzfftff  CjH,[i,2,3,5](OH)4,  is  an  amorphous,  glassy  mass 
obtained  from  iretol  by  the  action  of  hydrochloric  acid  at  150^.  The  i^y dimethyl 
ether  is  prepared  by  reducing  i,3-dimethoxy-2,5-quinone.  It  melts  at  158®.  The 
ti^tramethyl  ether  mt\is  at  47°  and  boils  at  271®  (B.  23,  2291). 

Iretol,  CH3O.  CJ  1,(011),.  melting  at  186^,  is  one  of  its  monomethyl  ethers.  It  is 
formed  together  with  iridic  acid  on  fusing  ingenin  with  potash  (B.  26, 2015). 

(3)  Symmetrical  Tetraoxy-benzene,  CgH,[i,2,4,5](OH)4,  is  obtained  by  redudng 
l,4-dioxy-2,5-quinone  with  stannous  chloride.  It  melts  at  215-220®.  Its  ietra-acetyl- 
ester  melts  at  217°  (B.  21,  3374). 

Dichlortetraoxy-benzene,  hydrochloranilic  acid,  C^G,(0H)4,  results  in  the  reduc- 
tion of  chloranilic  acid  (p.  1 70)  with  sulphurous  acid  (A.  146,  32). 

Amido-s-Tetraoxybenzene  results  from  the  action  of  stannous  chloride  upon  nitrodioxy- 
quinone,  and  also  AHtroatnidostetra-oxybenzene  and  Diamido-s-tetraozy-benzene 
(B.  18,  502),  by  the  reduction  of  nitranilic  acid.  Croconic  acid  (p.  1 71)  and  ammonia 
are  produced  on  boiling  the  diamido-body  with  potash ;  oxidizing  agents  convert  it  into 
Jiamitiodioxyquiptone. 

Hydroeutiiiochronic  alkali  salts — see  euthiochronic  acid,  p.  1 70. 

Pentahydric  Phenols  are  not  known.  Quercite,  which  will  be  discussed  in  connection 
with  the  cyclohexane  derivatives,  \%  pentoxyhexahydrobenzene. 

Hexahydric  Phenols. — In  describing  the  benzene-ring  formations  (p.  42)  mention 
was  made  of  the  remarkable  isolation  of  potassium  he xaoxy benzene  or  potassium  carbon 
monoxide  (discovered  by  Liebig  in  1834),  which  results  upon  conducting  carbon  monoxide 
over  heated  ix)tassium  (confirmed  by  Nietzki  and  Benkiser  in  1885).  Dilute  hydrochlo- 
ric acid,  acting  upon  the  fresh  mass,  yields  hexaoxybenzene. 

Hexaoxybenzene,  Cg(OH)-,  is  obtained  from  triquinoyl  (p.  171)  by  reduction  with 
stannous  chloride  and  hydrochloric  acid.  It  separates  in  the  form  of  small,  grayish- 
white  needles,  which  acquire  a  reddish -violet  color  on  exposure  to  the  air.  They  are 
not  fusible,  but  decompose  at  about  200°.  Concentrated  nitric  acid  oxidizes  it  to  tri- 
quinoyl. 

It  forms  the  hexacetyl  derivative,  Cg(0 .  CjHjO)^,  when  heated  with  acetic  acid 
and  sodium  acetate.     It  is  a  crystalline  mass,  melting  at  203°  (B.  18,  506). 


8.  QUINONES. 

This  is  the  designation  ascribed  to  all  derivatives  of  benzene  in  which 
2n-atoms  are  replaced  by  20-atoms.  The  replacement  is  either  in  the 
o-  or  the  p-position.  We  distinguish  ortho-quinones  and  para-qui nones. 
The  latter  are  especially  characteristic  of  the  mono-nucleus  aromatic 
hydrocarbons.     Metaquinones  are  not  known. 


QUINONES. 
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ORTHOQUINONES. 

In  tlus  series  belong  the  tetrahaloid  substitution  products  of  o-benzoquinone,  not 
known  in  the  free  condition :  Tetracklor-o-bentoquinone^  Q^\J(\^2\0^^  melting  at  131°, 
and  Tetrabrom-o-bentoquincne^  ^J^^S^^'^Y^t*  melting  at  150®.  They  are  produced 
when  chlorine  or  bromine  acts  upon  pyrocatecbin  dissolved  in  glacial  acetic  acid 
(QndLe,  B.  ao,  1776). 

Homologous  orthoquinones  are  produced  by  the  action  of  chlorine  upon  the  corre- 
sponding orthodiamine  hydrochlorides.  The  o-diketochlorides  are  the  first  products, 
twit  they  can  be  reduced  to  chlorinated  o-dioxybenzenes,  which  yield  the  chlorinated 
o-qoinones  upon  oxidation  (B.  27,  560). 


PARAQUINONES. 

The  constitution  of  the  true  quinones  or  paraquinones  of  the  aromatic 
hydrocarbons  having  one  nucleus  is  not  fully  established.  They  are  con- 
sidered either  as  benzene  derivatives,  the  oxygen  atoms  being  assumed 
to  be  linked  to  one  another,  or  as  p-dihydrobenzene  derivatives,  contain- 
ing two  ketone-groups. 

The  first  view  compares  the  paraquinones  to  peroxides ;  they  are  indeed  powerful 
oxidizing  agents.  Upon  reduction  they  do  not  become  the  p-diglycols  of  the  p-dihydro- 
benzenes,  but  p-dioxybenzenes,  so-called  hydroquinones,  which  are  true  benzene  deriva- 
tives. Further,  each  oxygen  atom,  by  the  action  of  PCL,  is  replaced  by  one  chlorine 
atom.  In  opposition  to  the  peroxide  formula  of  the  paraqumones  we  have  the  p-diketone 
formula,  in  support  of  which  we  can  bring  forward  the  formation  of  a  monoxime  and  a 
dioxime,  as  well  as  the  absorption  of  2Br  and  4Br  by  paraquinone  (J.  pr.  Ch.  [2]  42, 
61  ;  B.  23,  3141).  Nitrosophenol  is  considered  by  most  chemists  to  be  quinone-mon- 
oxime.  I'henylhydrazones  of  the  p-quinones  have  not  been  obtained,  because  the  latter 
Ixxlies  oxidize  phenylhydrazine  (p.  173).  The  various  formulas  for  ordinary  quinone  and 
its  oximes  are : 


'C^(9«) 


0  li    o     I 

1  HC.    I    XH      HC. 

Peroxide  Formula 
( 1S67.  Graebc.  Z.  f.  Ch.  N.  F.  3,  39) 


CH 


\c£(NO)  ^C 


CH 


CH 


CH 


CH 


HC 


/^°\ 


CH 


HC 


-c::^NOH 

^CH 


"%o/ 


CH 


Ketone  Formula 
(Fittig,  A.  180,33) 


HC.  .CH 

^CC^ 

Quinon^monoxlme 
Nitrosophenol 


C=N(OII) 
HC^    ^CH 


HC.        .CH 

^C^N(OH) 
Quinone-d  ioxime. 


Quinone,  Benzoquinane^  QH^O,,  melting  at  116^,  was  first  obtained 
in  1838  by  Woskresensky  upon  oxidizing  quinic  acid,  a  hexahydrotetra- 
oxybenzoic  acid,  with  manganese  peroxide  and  sulphuric  acid.  Wos- 
kresensky named  the  new  body  Quinayl^  while  Berzelius  (Berz.  Jahresb. 
'9t  407)  proposed  the  name  Quinone. 

Quinone  is  made  from  hydroquinone  or  p-dioxybenzene  (p.  16'i)  Vj 


1 68  ORGANIC  CHEMISTRY. 

the  action  of  ferric  chloride,  and  from  many  p-diderivatives  of  benzene 
by  oxidation,  mostly  with  potassium  bichromate  and  sulphuric  acid; 
thus,  from  p-phenylenediamine,  sulphanilic  acid,  p-amidoazobenzene,  p- 
aniidophenol,  p-phenolsulphonic  acid,  p-diamidodiphenyl,  or  benzidine. 
It  is  usually  prei)ared  by  oxidizing  aniline  with  sodium  bichromate  and 
sulphuric  acid  (Nietzki,  B.  ao,  2283).  It  has  also  been  obtained  by  oxi- 
dizing quinite  (ste  this). 

Qui  none  crystallizes  in  golden-yellow  prisms.  It  possesses  a  peculiar, 
])cnetrating  odor.  It  attacks  the  skin.  It  distils  readily  with  steam,  and 
dissolves  easily  in  hot  water,  alcohol,  and  ether.  It  turns  brown  on  ex- 
posure to  sunlight.  In  the  presence  of  the  latter  it  combines  to  dioxy- 
benzophf nones  with  benzaldehyde  (i,  75).  Reducing  agents  (SO,,  Zn, 
and  HCl)  convert  it  first  into  quinhydrone,  an  addition -product  of  qui- 
none  and  hydroquinone,  which  nascent  hydrogen  changes  into  hydro- 
(juinone. 

Other  phenols  readily  add  themselves  to  quinone  (below).  Concentrated  oitric 
acid  dissolves  it  in  the  cold,  but  when  the  acid  is  hot  it  is  decomposed,  oxalic  and  prassic 
acids  being  formed.  Bromine  converts  qainone  into  quinone  di-  and  tetrabroaudes,iDdt- 
inj»  at  iSo°  and  at  170-175°.  ^DiketohexamethyUne^  the  hydride  corresponding  to  (jm- 
none  tetrabromidc.  has  been  obtained  by  starting  with  succino-succinic  ester. 

Phosphorus  pentachloride  converts  quinone  into  p-dichlorbenzene  (p.  59),  hyHroxjI- 
amine  chloride  changes  it  to  quinone-oxime  or  nitrosophniol  (p.  152),  and  qminMt- 
i/ioximf.  Phcnylhydrazine  reduces  it  to  hydroquinone;  a-alkylphenylhydrazines show  1 
similar  nnlucing  power,  changing  simultaneously  with  tetrazones  (p.  131).  a-Acidyl- 
phfnylhydrazines,  on  the  other  hand,  yield  mono/iyifrazines  of  the  quinones  (p.  172)- 
Aniline  coml)ines  with  quinone,  forming  dianiliJoquinone^  dianilidoquinoneanil^  ind 
titan  jlidhjuinofUiiiiinii.  For  the  condensations  of  quinones  with  acetoacetic  ester  to 
form  iumarones^  see  the  latter. 

Quinone  Phenol  Addition-Products  (A.  2x5,  134). — Phenoquinone,  C^H^^.- 
2(  ,.n,,()If,  meltiujT  at  71°,  is  formed  on  adding  quinone  to  phenol.  It  is  very  volttile. 
It  iry«italli/es  in  red  needles,  which  are  turned  blue  by  caustic  potash,  and  green  by 
barium  liydroxide. 

Quinhydrone,  ('^11,0,.  CjH^fOH),. — This  is  produced  by  the  direct  union  of  qni- 
noiie  with  hydnxjuinone.  It  a])|)ears  as  an  intermediate  product  in  the  reduction  of 
(jMinonc  or  in  the  oxidation  of  hydroquinone, — e.  g,^  in  electrolysis  (B.  29,  R.  1122),— 
and  is  changed  by  continued  oxidation  into  quinone,  and  by  reduction  into  hydroquinone. 
It  con.sists  of  {^rcen  prisms  or  leaflets  w^ith  metallic  lustre,  has  a  quinone-like  odor,  melts 
readily,  and  dissolves  in  hot  water  with  a  brown,  in  alcohol  and  ether  with  a  green,  color. 
When  it  is  lH)iled  with  water  it  decomposes  into  hydroquinone  and  quinone.  The  con- 
stitution of  these  compounds  probably  corresponds  to  the  following  formulas  (B.  a8, 
1615;  29,  R.  903): 

CII      ClI  \        CH      CH 

Phenoquinone  ||  ||  Quinhydrone  CH^  (         ||  || 

CII      CII  i        CH      CH 

CeHsO^C^OH  '  \[4]0^cZoH 

Homologous  p-Quinones. — They  are  produced  (i)  by  the  oxidation  of  the  corre- 
sponding p-dioxybenzenes  or  hydro<iuinones  (even  with  ferric  chloride),  of  the  corre- 
s|>onding  p-diamines,  ])-amidophenols,  such  as  amidothymol  and  many  other  disubstitution- 
products  belonging  to  the  p-  .series,  with  ferric  chloride,  chromic  acid,  and  manganese 
dioxide  and  sulphuric  acid.  (2)  Even  mono-substituted  alkyl  benzenes  yield  p-quinones, 
esi^cially  when  they  arc  oxidized  with  chromic  acid.  This  is  particularly  true  of  amido- 
and  oxyalkyl  benzenes  or  alkyl  phenols.     Thus,  o  toluidine  yields  ioluquinomt,  while 
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thymol  and  canracrol  jrield  tkymo4iuinone^  or  thymoll.  Frequently  an  alky] -group  will 
be  displaced,  iavoring  the  p-quinone  formation,  and  be  substituted  by  oxygen — e,  g. ,  in 
the  oxidation  of  amidomesitylene  ( B.  18, 1 150^ — to  mxyloquinone  and  of  pseudocumidine 
to  p-xyloquinone.  (3)  ^-Xyloquinoru  and  duroquinone  have  been  synthesized  by  the 
action  of  caustic  potash  upon  the  aliphatic  a-diketones — diacetyl  and  acetyl  fropionyl 
(l,  322 ;  II,  42).  In  this  reaction  quinogens  are  first  produced,  afterward  follow  the 
p-qninones : 


CHj.CO.CO.CH, 


CHj.CO.CO.CH, 
Diacetyl 


CH,.c(OH).  co.cn, 

'^       in, 


,— CO.CO.CH, 
Dimethylquinogen 


LC     .CO.CH 

n  u 

CH.CO.C.CH, 
p-XyloquInone. 


^Xyloquinone  ot  phhrone  occurs  in  the  tar  of  beechwood. 

Properties. — The  homologous  p-quinones  are  very  similar  to  their  prototype — benzo- 
quinone.  They  are  also  yellow-colored,  possess  an  odor  similar  to  that  of  quinone,  sub- 
lime readily,  and  behave  chemically  like  p-benzoquinone.  They  form  quinhydrones 
(p.  168),  are  easily  reduced  by  sulphurous  acid  to  p-hydroquinones  (p.  162),  and 
combine  to  nitrosophenols  (p.  152)  and  quinone-dioximes  (p.  172)  with  hydroxylamine. 


Toluquinone, CH,[iJC^fIj[2,5]0, 


M.P. 

67» 

5S°„ 

102® 

I23O 

38° 

(B. 

28, 

R.  470- 

Iio 

(B. 

27, 

1430). 

III® 

(B. 

29. 

2171). 

45°; 

B. 

P., 

232°. 

o-Xyloquinone, ('-'"i)iMi2UbJ 

m-Xyloquinone, (CIIj  "  ' 

p-Xyloquinone, (Cr 

o-Ethylbenxoquinone,  .    .   .  fC,K.)r£j^_^ij,[^A^j^^, 

P8eudo€umoquinone,  .   ,  ( C H j \  ' i  ^2,4] C^ J 1  [  3 ,6 JO, 

Duroquinone, k'Hj),[i,2^,S]Cij,6]0, 

Thymoquinone, (CH,)(C,H,)[f,4]C(Hj[2,5]0, 

When  an  ethereal  solution  of  thymoquinone  is  allowed  to  stand  in  sunlight  for  some 
lime,  po/ytAymoquifione,  melting  at  200°,  separates  (B.  18,  3195).  See  B.  29,  2176  for 
dtduraqumone. 

Quuaone  Haloids  are  obtained  by  the  substitution  of  quinones  or  by  the  oxidation 
of  substituted  hydroquinones  (p.  162). 

A  mixture  of  tri-  and  tetrachiorquinonef  called  chloranil,  consists  of  bright-yellow 
leaflets.  It  is  obtained  from  many  benzene  compounds  (aniline,  phenol,  isatin)  by  the 
action  of  chlorine  or  potassium  chlorate  and  hydrochloric  acid  (B.  29,  R.  236).  It 
oxidizes  and  serves  as  an  oxidizing  agent  in  the  manufacture  of  coloring -matters. 

Trichlor-  and  tetrachlorauinone  are  separated  from  one  another  by  the  insolubility  of 
the  latter  ip  water.  The  chlorquinoncs  are  obtained  from  chlorhydroquinones  by  oxida- 
tion with  nitric  acid  (A.  246,  9 ;  210,  145  ;  234,  14) : 


Monochlorquinone, 


M.P. 

57^ 


[2,5]-Dichlorquinone, 159' 
2,6j-Dichlorquinone, 120^ 

Trichlorquinone, 166® 

Tetrachlorquinone  sublimes. 


[2,51 
[2,6] 


M.P. 
Monobromquinone,    .   .   .   .    s^^. 

-Dibromquinone, 188°. 

Dibromquinone, 122°. 

Tribromquinone, I47°- 

Tetrabromquinone  sublimes. 

PCI,  converts  tetrachlorquinone  into  phosphorus-containing  derivatives,  C^Clj  .  OPO- 
Cl,  (?j,  and  then  into  hexachlorbenzene  (p.  59)  (B.  24,  927).  It  absorbs  two  atoms  of 
chlorine  and  becomes  hexachlor-^-diketo-K-hexene  (p.  45),  which  caustic  soda  resolves 
into  dichlormaleic  acid  and  trichlorethylene.  Potassium  hydroxide  converts  trichlorqui- 
none and  tetrachlorquinone  into  potassium  chloranilale  (p.  170),  and  tribrom-  and  tetra- 
bromquinone into  potassium  bromanilate. 

Nitroquinone,  NO,C,H,0,,  decomposing  at  206®,  consists  of  yellow  glistening  crys- 
tals, and  is  formed  by  oxidizing  2-nitro-p-amidophenol,  NO,[2]C,Hj,[4]NH,[i]OH, 
with  potassium  dichromate  and  sulphuric  acid.  It  is  very  sparingly  soluble  in  water,  not 
volatile  with  aqueous  vapor,  and  dissolves  with  difficulty  in  ether,  and  very  readily  in 
alcohol  and  in  chloroform.     It  imparts  a  black  color  to  the  skin  l^B.  ^,  l'^^^'^. 
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Amidoquinones. — Chloranilamide^  C^CL(NH,).0,.  b  obUined  from  cUonnilic 
acid.  Aniline,  acting  upon  a  hot  alcoholic  sofation  of  quinone,  producei  not  only  hydro- 
quinone,  but  also  dianUidoquinone^  diamUdoqumoni-OHil^  and  -diaml  (p.  173),  as  well 
as  2,5-diozy-i,4-quinone  (below). 

OXYQUINONBS  AND  POLYQUINOYLS. 

Bentene  Oxyquinones, — Methoxyquinone,  CH|0[2]CLH| :  Q,,  melting  at  140^,  is 
produced  by  oxidizing  o-amidoanisol,  C.FL(NH,) .  O .  ClI,.  with  chromic  acid. 

Chloraniiamic  Aad^  CfCl,(NH,)(OH)0.,  is  obtained  from  chloranil. 

2fo'  Dimethoxyquinone^  (CH,0),[2,61C^Il,0„  melting  at  249^,  resulu  from  the  oxida- 
tion of  triinethylpyrogallol  and  trimethylphloroglncin  (p.  165)  (B.  a6,  784). 

2  ,$  -  Dioxyquinone^  ( I  IO)2r2.5lC^H,0,,  is  obtained  from  dioxyquinone  dicarboxylicadd 
(see  this)  by  boiling  with  hydrochloric  acid,  by  the  oxidation  of  diamido-resorcin  (B.  11, 
2374;  aa,  1285),  and  by  the  action  of  dilute  sulphuric  acid  upon  dianilidoquinooe 
(B.  23,  904).  It  separates  in  small  blackish -brown  crystals,  which  sublime  above  185^ 
Stannous  chloride  reduces  it  to  symmetrical  tetraoxybenzene  (p.  166),  and  dianilidoqoi- 
none  is  produced  when  it  is  heated  with  aniline.  Substitution-products  of  2,$-diox7- 
quinone  have  been  obtained  from  tetrachlor-  and  tetrabromquinone  as  staiting-out  sab- 
stances.     Two  of  their  halogen  atoms  are  exchanged  with  extreme  ease. 

Chloranilic  Acid,  C^C1,(0H),0„  reddish,  shining  scales,  is  separated  by  acids  from 
potassium  ihloranilate^  C|Cl,(OK),0.-f  H.O,  which  crystallizes  in  dark-red  needles, 
dissolving  with  difficulty  m  water,  rotassium  chloranilate  is  produced  as  well  from 
tri-  as  from  tetrachlorquinone  by  the  action  of  caustic  potash.  Hypochlorous  acid  or 
chlorine  acting  upon  chloranilic  acid,  produces  tri-  or  Utrachlortetrakeiokexametkylent^ 
which  change  quite  readily  with  the  intermediate  production  of  unstable  oxyacids  into 
trichior-  and  tetrachlortriketopentamethylene  (B.  25,  827,  842). 

Bromanilic  AciJ^  C.Br,(C)H),02,  corresponds  to  chloranilic  acid  and  with  bromine 
yields  similar  transposition-products  to  those  obtained  from  it  by  the  action  of  chlorine. 

Nitranilic  Acid,  Cj(NO,),0,(OII),. — It  crystallizes  with  water  in  golden-yellow 
needles  or  plates,  melts  in  its  water  of  crystallization,  becomes  anhydrous  at  loo^,  tnd 
detonates  at  170°  without  melting.  It  is  formed  from  quinone  and  hydroquinone  with 
nitrous  acid,  and  from  terephthalic  and  dioxyquinone-terephtbalic  acids  by  the  action  of 
fuming  nitric  acid.  When  nitroanilic  acid  is  reduced,  it  yields  diamidotetraoxybenzene 
(p.  166),  which  renders  possible  the  transition  from  chloranil  to  triquinoyl  (see  below), 
sind  potassium  hexaoxybenzene. 

Amidoanilic  Acid,  Diamidodioxyquinone,  Q(NH,),(OH)jO,,  reddish-blue  needles, 
formed  from  diamidotetraoxybenzene  by  oxidation  in  the  air  or  by  nitrous  acid. 

Potassium  Euthiochronate,  Cj(SO,K),(OH)jO,,  see  dichlorhydroqninone-disulphonic 
acid  (p.  164). 

Tetraoxyquinone,  CglOj)! 011)4,  formerly  called  dihydrocarboxylic  acid,  is  obuined 
by  oxidizing  the  aqueous  solution  of  hexaoxybenzene  by  exposure  to  the  air  (B.  18,  507, 
1837).  It  may  also  be  obtained  from  di  am  id  o -dioxyquinone  by  boiling  with  hydrodiloric 
acid,  as  well  as  by  the  action  of  concentrated  nitric  acid  upon  inosite.  Metallic  black 
needles,  with  a  green,  metallic  reflex.     It  is  a  strong  dibasic  acid. 

J/omoloj^ous  Oxyquinones  result  upon  treating  haloid  quinone  homologues  with  caustic 
[x^tash,  and  on  heating  amido-  or  anilidoquinones  with  alcoholic  hydrochloric  acid  or 
sulphuric  acid.  Dianilidotoluquinone,  melting  at  232°,  yields  anilido-oxytoluquinone, 
decomposing  at  250°,  and  dioxytoluquinone,  CH, .  CgH(OH),0„  melting  at  177®  (B.  16, 
»559)-  Oxytkymoquiftone,{Q^.>^^^Q^^^QJA{0\\)\0^,  melting  at  166°,  is  obtained 
from  brom-  or  methylamidothymoquinonc.  Dioxythymoquinone  melts  at  213**  (B.  14, 
95). 

It  is  also  very  probable  that  pipitzaholc  acid,  C,5H„(0H) :  O,,  found  in  the  root  of 
THxis  pipitzahuac  and  melting  at  103®,  belongs  to  the  oxyquinones,  containing  but  one 
nucleus.  It  recalls,  by  its  behavior,  oxythymoquinone.  Oxypipitzaholc  Acid.  CLIIi.  :- 
Ce(OH), :  O,  (?),  melts  at  1380  (A.  237.  90). 

Polyquinoyl  Compounds. — As  mentioned  under  benzoquinone  (p.  167),  Woskre- 
sensky  originally  called  this  compound  quinoyl,    Nietzki  and  BcQckiscr  introduced  this 
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kime  in  a  different  sense.  They  applied  it  to  the  quinone-group  O,,  when  they  dis- 
30Tcred  dioxydiqoinoylbenzene  and  triquinoylbenzene  to  be  bodies  containing  more 
lum  one  quinone-group  O,.  For  simplicity's  sake  they  abridged  these  names  to  dioxy- 
iiqmnoyl  and  iriquifMyl. 

Dioxydiquinoyl,  ^(0,)(0,)(OH),,  called  rhoditonic  acid,  is  prepared  by  reducing 
triqoinoyl  with  aqueous  sulphurous  acid  (B.  z8,  513).  It  consists  of  colorless  leaflets, 
very  leaidily  soluble  in  water.  It  decomposes  quite  rapidly  in  aqueous  solution.  The 
poiassium  saii^  C^04(0K),,  may  be  obtained  by  treating  the  acid  with  potashes,  and 
also  by  washing  potassium-hexaoxybenzene  (potassium  carbon  monoxide,  p.  166)  with 
alcohol.  It  forms  dark-blue  needles,  dissolving  in  water  with  an  intense  yellow  color 
(B.  18.  1838). 

Consult  B.  23,  3140,  for  the  constitution  of  rhodizonic  acid. 

Triquinoyl,  C^O^  -f  8H,0,  is  probably  hexaketo-hexamethylene  (B.  20,  322).  It 
results  upon  oxidizing  dioxydiquinoyl  and  diamidotetraoxy benzene  (p.  166)  with  nitric 
acid.  It  is  a  white,  micro- crystalline  powder  (B.  z8,  504).  It  melts  about  95*^, 
giving  up  water  and  CO,.  It  is  likewise  decomposed  by  warming  it  with  water  to  90*^. 
Stannous  chloride  reduces  it  to  hexaoxybenzene,  which  is  oxidized  in  alkaline  solution 
lo  letraoxyquinone,  C^(0,)(0H)4  (see  above). 

Nietzki  and  Benckiser  (1885)  discovered  the  relations  existing  between  potassium 
carbon  monoxide  and  phenol.     Compare  the  following : 


C^HjOH 
C^CIjCIjO, 


c^(ok)j  Potassium  Carbon 

Monoxide 
c^(OH),(OH),(OH),  *  Hexaoxybenzene 


•q,(NO,),(OH),0,  C,(OH),(OH),0, 

'<^(NH,),(OH),(OH)^>/^Ce(OH),0,0, 
'C,(NH,),(0H),0,  CeO,0,0, 


t 


Tetraoxyquinone 

Rhodizonic  acid  or 
Dioxydiquinoyl 
Triquinoyl. 


Flienol 

Tetrachlorquinone 
Nitranilic  Add 
Diamidotetroxybenzene 
Diamidodioxyquinone 

Addendum,  —  Pentacarbocyclic  compounds  are  readily  formed  from  triquinoyl  and 
dioxydiquinoyl,  as  well  as  from  some  hexa-substitution  .derivatives  of  l^enzene,  from 
which  these  polyquinoyi  bodies  arise — e,g.y  hexaoxybenzene,  diamidotetraoxybenzenc, 
etc.     They  will  accordingly  be  discussed  after  the  polyquinoyls  (pp.  25,  26). 

Cro€cnu  Acid  Hydride^  C.H4O5,  is  formed  upon  treating  rhodizonic  acid  with  excessive 
alkali,  or  croconic  acid  wiUi  bydriodic  acid.  It  is  distinguished  by  its  barium  sali^ 
CjH,BaO(  4-  2H,0.  Its  formation  is  probably  due  to  the  breaking  down  of  an  unstable 
oxyacid,  produced  by  the  action  of  the  caustic  alkali  upon  two  of  the  combined  CO- 
groups  of  the  rhodizonic  acid  (see  the  rearrangement  of  benzilic  acid,  I,  54) : 


HO.C.CO.CO 


HO.C.CO 


.CO        V 


HOC.CO.       .CO.H     X 

U        )C\  (?) 

HOCCO^    ^OH        > 

Unstable  Oxyacid 


HOC.COv       .H  HOCCOv 

>        II        /C\       (?»        11        /CO(?) 
HOCCO^    ^OH        HOCCO^ 

Croconic  Acid  Hydride        Croconic  Acid. 


Rhodizonic  Acid 
(B.  a3.3«4o) 

Croconic  Acid,  CfiJ^Yi)^  -\-  3H,0,  consists  of  sulphur- yellow  leaflets ;  it  loses  its 
water  of  crystallization  at  100°.  It  dissolves  very  readily  in  water  and  alcohol,  and  is 
produced  by  the  alkaline  oxidation  of  most  of  the  bexa-substituted  benzene-derivatives — 
e.  g.^  hexaoxybenzene,  dioxydiquinoyl,  diamidotetraoxy  benzene,  etc.  The  hydride  of 
croconic  acid  is  an  intermediate  product,  which  changes  quite  readily  to  the  acid.  Tri- 
quinoyl, when  boiled  with  water,  decomposes  into  carbon  dioxide  and  croconic  acid  : 

CeOe  +  H,0  =  Q^lfi^  -f  CO,. 

Its  potassmm  salty  C^OjK,  -|-  3H,0,  crystallizes  in  orange-yellow  needles ;  hence  the 
name  from  Kp6Koc9  satran  (Gmelin,  1825).  When  oxidized  with  nitric  acid  or  chlorine 
the  product  is — 

Lcocooic  Acid,  Cfi^  -f  4H,0,  Pcntaketocyclopentane,  which  is  reconverted  into 
cxocooic  add  by  sulphur  dioxide.    This  acid  bears  the  same  relaUon  lo  cxocoxa^  «£\^ 
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that  rhodizonic  acid  sustains  to  triqutnoyl.  It  is  Tery  soluble  in  water,  bot  dissolves  with 
difficulty  in  alcohol  and  ether.  It  crystalliies  in  small  colorless  needles.  The  penta- 
oxime,  C\(  :N  .  OH)^,  decomposing  at  172^,  is  isomeric  with  fnlminic  acid,  cyanic  acid, 
cyanuric  acid,  and  by  reduction  yields  penta-amido-pentol,  C(H(NH,)^  penta-i 
cyclopentadiin  (see  p.  25)  (B.  2a,  916). 


QUINONE  NITROGEN  DERIVATIVES. 

The  quinone  oxygen  atoms  can  be  replaced  by  N(OH),  NQ,  Nil,  NC^H^  and  similar 
groups. 

Quinone  Dioximes. — In  connection  with  the  p-nitrosm>henoU  (p.  152),  and  in  the 
explanation  of  Fittig's  diketone  formula  for  p-quinooe,  it  was  indicated  that  many  chemists 
regarded  the  p-nitrosophenols,  resulting  from  the  action  of  hydroxylamine  hydrochloride 
u|K>n  the  p-quinones,  as  mofioximes  of  the  latter.  Indeed,  the  p-nitrosophenols,  by  actioo 
of  hydroxylamine  hydrochloride,  change  to  ^fuinonedioximts.  It  is  true  these  two 
classes  can  be  viewed  as  constituted  according  to  the  peroxide  formnla  of  the  p-quinones. 
Their  dioximes  unite  with  acetic  anhydride  to  diacetyl  compounds.  p-Dinitrosobenzeiiei 
are  produced  by  the  oxidation  of  their  alkaline  solutions  (also  on  exposure  to  the  air). 
Nitric  acid  oxidizes  them  to  p-dinitrobenzenes  (B.  ai,  428). 

\>- Quinone  Dioxwte,  C^\^{^ .  OH),,  consists  of  colorless  or  yellow  needles,  whidi 
decom(x)seat  240^.  Toluquinone  LHoxime  explodes  at  220®  (B.  21,679).  i^Xyloqui- 
none  Dioxwteme\ts  about  272®  (B.  20, 978).  Dinitroresorcinol  and  hydroxylamine  yieM 
diqiiinoyifrioximej  C,H,0(NOH)„  and  diquinoyltetroxime^  C,H,(NOH)4  (B.  30,  181). 

Quinone -chlorim ides. — We  must  regard  them  either  as  diketones  or  peroxides, 
in  which  oxygen  is  replaced  by  the  group  NCI.  The  latter  view  corresponds  to  the 
formulas : 

^O  yO  /NQ  .NQ 

C-II^  or      C.Il/  I         and      C.H^  or      C.H,C   I 

Quinone  Chlorimide  Quinone  Dichlorimide. 

They  are  produced  from  p-amidophcnols  and  p-phenylenediamines  (their  HG -salts) 
by  oxidation  with  an  aqueous  solution  of  bleaching  lime.  They  revert  to  p-amidophenols 
or  p  pheiiylenedianiines  upon  reduction.  The  monochlorimides  form  the  indophenol 
dyestuffs  (p.  173)  with  phenols  and  tertiary  anilines. 

Quinone -chlorimide,  ()[i]CjH4[4]NCl.  forms  golden-yellow  crystals,  which  melt 
at  85°,  volatilize  readily  with  steam  and  smell  like  quinone.  It  is  easily  soluble  in  hot 
water,  alcohol,  and  ether.  When  boiled  with  water  it  decomposes  into  NH^Q  and  qui- 
none (J.  pr.  Ch.  [2]  23,  435)- 

Quinone-dichlorimide,  C,H4[i,4](N,a,),  crystallizes  in  needles  which  deflagrate 
at  124°  (U.  12,47). 

Trichlor-quinone-chlorimide  melts  at  118®  (J.  pr.  Ch.  [2]  24,  429). 

Dibrom-quinone-chlorimide  melts  at  80^  (B.  16,  2845). 

Quinone  Phenylhydrazones. — While  phenylhydrazine  andalkylic  phenylhjrdrazines 
arc  oxidized  by  quinone,  a-benzoylphenylhydrazine  and  quinone  yield  Quinone-bennoyl- 
phenylhydrazme,  QJA^^O)  :  NN(CO .  (^Hg)^!!^,  melting  at  lyi*^.  Alkali  or  sulphuric 
acid  readily  decomposes  it  into  benzoic  acid  and  p-oxyazobenzene,  which  yields  the 
isomeric  p-l)enzoxyazobenzene,  C^HjCO .  OCgH^NjC^Hj,  upon  introducing  the  benzoyl 
group.     The  oazophenoh  are  very  prol>ably  hydrazones  of  o-quinones  (p.  156  and  B.  28, 

2415). 

Quinone-imides. — Quinoanth  :  Dtamidoquinone-imide^  (NH,)-C,H,(0)(NH),  or 
amitiodiimidophenol^  (HO)(NH,)C0H3(NII),,  is  made  from  triamidophenol  (A.  215, 
350- 

Quinone   Phenylitnide^    Quinone    Monanil^    C^^C    1  or  C^H^'y 

melting  at  97®,  consists  of  Bery-red  crystals.  It  is  formed  upon  oxidizing  p-oxydiphenyl- 
amine  in  benzene  solution  with  mercuric  oxide,  and  upon  leduction  reverts  to  the  same 
(B.  21.  R.  434). 
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Di^k^yi^^^^Mi^pkmyUme,    Qmnone   Dianil,  ^H,/JJ'^*JJ»  or  C,H^'^*, 

melting  at  X76^<-x8o^,  results  from  the  oxidation  of  diphenylamine  (p.  80),  and  diphenyl- 
p-pheDjleoedimmine  (B.  2Z,  R.  656).  Reduction  converts  quinonedianil  into  diphenyl- 
p-phenyleDediamine.  Both  anils  sustain  the  same  relation  to  the  corresponding  diphenyl- 
amine-deriTatiTes  that  quinone  hears  to  hydroquinone : 

^"*<OH  ^"*<NHCeH5  ^•"*<NHcJhJ. 

Two  phenylamido-gronps  can  be  as  readily  introduced  into  the  benzene  residue  of  quin- 
one-anil  and  quinone-dianil  as  into  quinone  itself,  from  which,  on  boiling  its  alcoholic  solu- 
tion with  aniline,  diamUdoquinone  (together  with  hydroquinone)  results.  In  the  presence 
of  acetic  acid  the  ptodoxAndianiiidoquinotwanii,  (CeH(NH),C0H,(O)(NC^H.),  melting 
at  202^  ;  brown-red  needles.  It  is  also  formed  upon  digesting  quinone-monanil  (together 
with  p-oxydiphenylamine,  B.  2Z,  R.  656)  with  aniline,  and  when  aniline  b  oxidized 
with  hydrogen  peroxide  in  a  feebly  acid  solution  (B.  25,  3574). 

Dianilidcquinonedianil^  Azophenine^  {flJA^Y\.\QJAJ(^Q^^^  melting  at  241  <>, 
consists  of  garnet-red  leaflets.  It  is  produced  ( l )  by  digesting  quinone-dianil  with  aniline 
(diphenyl-p-phenylenediamine  is  formed  at  the  same  time,  B.  2Z,  R.  656) ;  (2)  by  fusing 
quinone  with  aniline  and  aniline  hydrochloride  (B.  2Z,  R.  683) ;  (3)  by  the  action  of 
aniline  upon  amidoazobenzene,  p-nitrosophenol,  and  p-nitrosodiphenylamine  (B.  20, 
2480).     It  changes  iojiuorindin  when  heated  (B.  23,  2791). 

The  quinone-anils  are  important  intermediate  products  in  the  formation  of  the  induline 
dyes  (see  these)  (B.  25,  2731;  A.  262,  247). 

Indophenols  and  Indoanilines. — These  compounds  are  obtained  from  quinone- 
monoanil  or  quinone-phenylimide  by  replacing  the  p-hydrogen  atom  of  the  anil-group  by 
an  OH-  or  an  Nll^-group.  They  are  dyes.  Like  many  members  of  this  class,  they  are 
decolorized  by  the  addition  of  hydrogen.  The  resulting  bodies  are  leuco-compounds, 
p-disnbstituted  diphenylamines.     (Nomenclature,  B.  29,  R.  94.) 

Indophenols  are  produced  (i)  by  allowing  the  quinonechlorimides  to  act  upon 
phenols;  (2)  by  oxidizing  a  mixture  ot  a  p-amidophenol  and  phenol.  They  dissolve  in 
alcohol  with  a  red  color,  and  possess  a  phenol-like  character.  Their  salts  with  the 
alkalies  and  ammonia  dissolve  in  water  with  a  blue  color. 

N .  CH.OH 

Quinone-phenolimide,    C^H^^  1  ,  also  results  upon  heating  phenol- 

blue  with  soda-lye  (B.  18,  2916),  but  owing  to  its  instability,  cannot  be  obtained  in  a 
free  condition.     By  reduction  it  changes  to  colorless  p-dioxydiphenylamine.     Dibrom- 

N .  C.H.OH 
quinone-phenolimide,  CJt\fix^<C^\  ,  from    dibromquinone-chlorimide,   is 

more  stable  than  qninone-phenolimide.  Free  dibromphenolimide  crystallizes  in  dark- 
red  prisms  having  a  metallic  lustre  ;  they  dissolve  in  alcohol  and  ether  with  a  fuchsine- 
red  color.     Strong  mineral  acids  decompose  it  into  dibromphenol  and  quinone. 

The  Indoanilines  are  produced  (i)  by  the  action  of  quinone  chlorimide  upon 
dimethyl  aniline  in  alcoholic  solution ;  (2)  by  the  action  of  nitroso-  and  nitro-dimetliyl- 
aniline  upon  phenol  in  alkaline  solution,  especially  in  the  presence  of  reducing  agents 
(Witt,  1879);  (3)  by  the  oxidation  in  alkaline  solution  (with  sodium  hypochlorite)  of 
a  mixture  of  a  p-pheny1enediamine  with  a  phenol,  or  of  a  p-amidophenol  with  a  primary 
monamine. 

The  indoanilines  are  feeble  bases.  They  are  rather  stable  toward  the  alkalies ;  acids 
quickly  decompose  them  into  qninones  and  the  pphenylenediamines.  They  are 
changed  to  the  leuco-compounds :  amido-oxy-diphenylamines,  by  reduction  (absorption 
of  two  hydrogen  atoms) ;  these  dissolve  readily  in  alkalies,  and  are  readily  reconverted 
(oxidized)  into  indoanilines  (by  exposure  of  their  alkaline  solution  to  the  air).  The  free 
indoanilines  have  a  deep-blue  color,  and  can  be  applied  as  dyestufis.     For  this  purpose 
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tbey  are  conTerted  into  their  alkaline  leuco-deriTatiTes,  which  are  solable,  and  the 
material  is  impregnated  or  printed  with  these.  Oxidation  ^by  exposnre  to  the  air  or 
with  K.Cr.O,)  develops  the  color.    The  simplest  aniline  is  Quinone  Anilinimide, 

N    C  H     NH 
C^\l^<^  '       *    *  '»  *  ▼iolet  dye,  formed  by  the  oxidation    of  p-phenylene  di- 

amine, C,I-L(NH,),,  with  phenol.  Quinone-dimethyl-anilinimide  (phenol  blue), 
C^n^<i  *^    **  '  *j   results    from    unsym.-dimethyl-p-phenylenediamine  and 

phenol.  It  has  a  greenish-blue  color  and  dissoWes  in  acids  with  a  blue  color.  When 
l)oiled  with  soda-lye  it  splits  off  dimethylamine  and  becomes  qninone-phenolimide. 
Sulphuric  acid  decomposes  it  into  quinone  and  dimethyl-p-phenylenediamine.  l*his  is  i 
general  reaction,  hence  can  be  used  opportunely  for  the  preparation  of  quinones  (B.  aS, 
R.  471;  29,  R.  24}. 

Indamines. — 'Ihese  are  derived  from  the  indoanilines  by  the  replacement  of  the 
i|uinone-oxygen  atom  by  the  imido-  or  alkylimido-group.  They  are  therefore  derivatives 
of  the  unknown  quinone  diimide,  and  bear  an  intimate  relation  to  p-diamidodipbenji- 
amine,  which  is  formed  by  the  reduction  of  the  simplest  indamme  and  is  the  leuco-derira- 
tive  of  the  latter. 

The  Indaniings  arise  (l)  by  oxidation,  in  neutral  solution  and  in  the  cold,  of  a  mixture 
of  a  p-phenylenediamine  with  an  aniline  (Nietzki),  or  (2)  by  the  action  of  nit^osodim^ 
thyl  aniline  u|X)n  anilines  or  m-diamines  (Witt).  They  are  feeble  bases,  forming  bhK- 
or  green-colored  salts  with  acids,  but  with  an  excess  of  the  latter  are  very  easily  ^it  up 
into  quinone  and  the  diamine.  Because  of  their  instability  they  find  no  application,  and 
are  only  important  as  intermediate  products  in  the  manufacture  of  thionine  and  safraoine 
dyestuBs  (into  which  they  can  be  readily  transposed).  For  the  relations  of  the  indophe- 
ntils,  indanilines,  and  indamines  to  the  dyes  of  the  oxazifu-,  ihia*ine-f  and  diazim- 
series — ^.  ,^. ,  resorufin,  methylene  blue — the  indulines  and  safranines,  see  the  latter.  The 
simplest  indamine  is — 

Phenylene  Blue,  C.IL<  1   ,  or  N<    *    *       *      .     This  b  produced  by 

the  oxidation  of  p-phenylenediamine  with  aniline.  Its  salts  are  greenish-blue  in  color. 
It  yields  diamido-diplienylamine  by  reduction.     Its  tetramethyl-derivative  is — 

Dimethylphenylene  Green,  N<^«{J*  *  JJ[cH')'a    (B»°<ischedler's  green).    This 

is  obtained  by  oxidizing  dimethyl  paraphenylenediamine  with  dimethyl  aniline.  Its 
salts  dissolve  in  water  with  a  l)eautiful  green  color.  Its  reduction  yields  tetramethjl- 
diamido-diphenylamine.  Digestion  with  dilute  acids  resolves  it  into  quinone  and  dimethyl- 
amine (B.  16,  S65  ;  17,  223).  On  standing  with  soda-lye,  dimethylamine  splits  off  and 
phenol  blue  is  produced  ;  this  further  separates  into  quinone  phenolimide  (p.  173)  (B. 
18,  2915). 

Toluylene   Blue,  N<.,*jr<;vt|\  x    njij*   results  from  ordinary  toluylene  diamine 


(p.  95)  by  oxidizing  it  mixed  with  dimethyl-p-phenylenediamine,  or  by  the  action  of 
IfCInitroso-dimethylaniline.  Its  salts  with  one  equivalent  of  acid  are  of  a  beautiful 
blue  color,  and  are  decolorized  by  an  excess  of  mineral  acids  with  formation  of  the  diacid 
salts.     It  is  converted  into  toluylene  red  (see  this)  on  boiling  with  water. 

The  genetic  connecticm  of  the  indamines  with  the  indoanilines  and  indophenol  is  shown 
in  the  possibility  of  converting  the  simplest  indamine  into  quinone  aniline  imide,  and  the 
latter  into  quinone-phenol-imide  (Mohlau,  B.  16,  2843;   ^8,  2915). 

Representatives  of  the  indophenols,  indoanilines,  and  indamines,  containing  the  naph- 
thaline resiilue  are  also  known  in  great  numbers,  and  many,  like  Naphthol  Blue  (see  this) 
or  "  Indophenol ^^  have  been  applied  technically  (B.  18,  2916). 


PHENYL-PARAFFIN  ALCOHOLS.  1 75 


9.  PHENYL-PARAFFIN  ALCOHOLS  AND  THEIR  OXIDATION 

PRODUCTS. 

In  the  preceding  sections  those  classes  of  aromatic  hydrocarbons  con- 
taining one  ixucleus  were  described,  which  resulted  from  the  substitution 
of  the  hydrogen  atoms  of  benzene  or  the  benzene  residue  of  the  alkyl- 
benzenes  by  atoms  of  other  elements  or  by  atomic  groups :  the  halogen 
substitution  products  (pp.  57-^3),  the  w/r^^^/i-r^w/a/Vi/Vi^  derivatives  of  the 
benzene  hydrocarbons  (p.  63),  the  aromatic  phosphorus ^  arsenic,  anti- 
many^  bismuth,  boron,  silicon,  and  tin  derivatives  (pp.  131-133),  the  phenyl 
m^/0/ compounds  Tp.  133),  the  sulpho-acids  and  their  relatives  (pp.  133- 
140),  \!ti^  phenols  (p.  140),  and  the  quinones. 

Attached  to  these  are  those  classes  of  bodies  formed  by  the  replacement 
of  hydrogen  atoms  in  the  side-groups  of  the  alkylbenzenes.  As  in  the 
aliphatic  series,  the  oxygen-containing  products  are  considered  the  most 
important.  Each  class  of  these  derivatives  is  followed  by  the  corre- 
sponding halogen,  sulphur,  and  nitrogen  compounds,  in  which  all,  or  at 
least  a  part,  of  the  carbon  valences,  saturated  in  the  principal  com- 
pounds by  oxygen,  are  taken  up  with  the  elements  just  named.  Promi- 
nent among  these,  as  with  the  aliphatic  derivatives,  are  those  bodies  in 
which  one  carbon  atom  of  an  alkyl  side-chain  is  combined  with  oxygen: 

(la)  The  monohydric  phenyl  -  paraffin  alcohols  and  their  oxidation 
products :  aldehydes,  ketones,  carboxylic  acids. 

Naturally  these  compounds,  as  far  as  the  reactivity  of  the  aliphatic 
residue  is  concerned,  manifest  great  similarity  to  the  monohydric  ali- 
phatic alcohols  and  their  oxidation  products  (i,  109).  This  is  recalled  by 
their  nomenclature  and  the  view  that  they  are  phenylsubstitution  prod- 
ucts of  aliphatic  substances  (p.  32). 

Each  of  these  alkyl-benzene  derivatives  constitutes  a  starting-out  sub- 
stance from  which,  by  the  replacement  of  hydrogen  atoms  of  the  phenyl 
residue,  as  with  benzene  itself,  numerous  derivatives  can  be  deduced.  In 
general  the  benzene  substitution  products  of  the /^^«y//tf//y  bodies,  so 
far  as  they  are  worth  mention,  will  be  introduced  after  the  corresponding 
principal  bodies.  Only  the  derivatives  of  monohydric  aromatic  alcohols, 
having  hydroxyl  in  their  benzene  residue,  and  their  oxidation  products, 
which  manifest  at  the  same  time  a  phenol  character,  will  be  grouped 
together  as — 

(i^)  Monohydric  oxyphenyl'paraffin  alcohols  and  their  oxidation  prod- 
ucts. 

Then  will  follow  (2)  polyhydric  phenyl-paraffin  alcohols,  in  which  but 
one  hydros^l  group  is  joined  to  a  side-chain,  and  their  oxidation  products. 
The  conclusion  of  this  section  will  be  (3)  polyhydric  phenyl-paraffin  alco- 
hols, in  which  more  than  one  hydroxyl  group  is  attached  to  a  side-chain,  and 
their  oxidation  products. 
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(u)  MONOHYDRIC  PHBNYL-PARAFPIM  ALCOHOLS  AND  THEIR 
OXIDATION  PRODUCTS. 

I.  MONOHYDRIC  PHBNYL-PARAPPIN  ALCOHOLS. 

The  true  alcohols  of  the  benzene  series  are  produced  by  the  entrance 
of  an  hydroxyl  group  into  the  side-chain  of  an  alkylbenzene  :  primary, 
secondary,  and  tertiary.  The  primary  alcohols,  upon  oxidation,  yield 
aldehydes  and  acids j  the  secondary  change  to  ketones  : 

I  Benzyl  Alcohol,  .   .CJil^. CH, . OH  ,  Phenylmcthyl  Ctrbinol,  .  C;H,CH(0H)CH, 

J  Bcnzaldehyde,    .   .C^Hj.CHO         '^ Acctophenbnc, CiH^.CO.CH, 

»  Benzoic  Acid,      .   .  C^H^  .  COOH 

Formations, — The  similarity  of  benzyl  alcohol  and  its  homologoes  to  ethyl  alcohol 
finds  expression  at  the  Tery  outset  in  the  methods  of  prodacing  both  classes :  (i)  bj 
saponification  of  alkyl  benzenes  containing  an  halogen  atom  in  the  side-chain — the  haloid 
acid  esters  of  the  benzyl  alcohols — e,  g.,  benzyl  chloride  with  water  alone  (A.  196,  353), 
with  water  and  lead  oxide  (A.  143,  81),  or  witb  potashes.  Benzyl  alcohols  are  also  pro- 
duced by  converting  the  chlorides  into  acetates  and  saponifying  the  latter. 

(2)  By  the  action  of  nitrous  acid  upon  primary  amines,  the  reduction  products  of  iro- 
matic  acid  nitriles — €.  g,,  cumo-  and  hemimellibenzyl  alcohol. 

(3)  By  the  action  of  nascent  hydrogen  on  the  corresponding  aldehydes  and  ketones. 

(4)  By  heating  the  aldehydes,  or  letting  them  stand  with  alcoholic  or  aqueous  potash 
(B.  14,  2394),  whereby  acids  are  formed  at  the  same  time : 

20,114  •  CHO  +  KOH  =  C;H,  .  CH, .  OH  -f  C^H^ .  CO,K. 

This  reaction  we  do  not  observe  with  the  monohydric  paraffin  alcohols. 

(5)  By  reducing  amides  of  aromatic  carboxylic  acids,  containing  the  carboxyl  group 
attached  to  the  benzene  nucleus,  with  sodium  amalgam  in  acid  solution  (B.  24,  173). 

(6)  By  the  reduction  of  unsaturated  alcohols:  cinnamyl  alcohol,  C^FI^CH  =rCII .  • 
CH,OH,  becomes  hydrocinnamyl  alcohol,  C^Hg.  CH, .  CH,  .  CII,OH  (see  allyl  alcohol. 

I.  130). 

(7)  They  are  formed  in  the  nucleus-synthetic  way  when  zinc  methide  acts  upon  add 
chlorides :  phenylacetyl   chloride  and  zinc  methide   yield  bennyl  dimethyl  carbinol  (i. 

Benzyl  Alcohol,  Phenyl  Carbinol,  [Phenmethylol],  CtHjCHjOH, 
boiling  at  206®,  with  sp.  gravity  1.062  (o**),  is  isomeric  with  the  cresols 
(p.  144).  It  occurs  as  benzyl-benzoic  ester  and  benzyl-cinnaraic  ester 
in  the  balsams  of  Peru  and  Tolu,  and  instorax  (A.  169,  289).  It  is  pro- 
duced by  the  methods  (i),  (2),  (3),  (4),  given  above,  from  benzaldehyde, 
benzyl  chloride,  and  benzamide.  Reactions  (i)  and  (3)  are  used  as 
methods  of  preparation.  It  is  a  colorless  liquid,  with  a  faint  aromatic 
odor.  It  dissolves  with  difficulty  in  water,  but  readily  in  alcohol  and 
ether.  It  yields  benzaldehyde  and  benzoic  acid  when  oxidized.  Heated 
with  hydrochloric  acid  or  hydrobromic  acid,  the  OH-group  is  replaced 
by  halogens.  Benzoic  acid  and  toluene  result  on  distilling  it  with  con- 
centrated potash. 

History. — As  early  as  1832  IJebig  and  \V6hler,  in  the  course  of  their  celebrated  in- 
vestigation upon  the  radical  benzoyl,  had  this  alcohol  in  hand  as  the  result  of  the  inter- 
action of  alcoholic  potash  and  benzaldehyde  (A.  3,  254,  261).  Cannizzaro  (1853)  was 
the  first  to  discover  the  alcohol  in  studying  this  reaction. 
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Homologoas  Bensyl  Alcohols. — ^The  primary  alcohols  are  chiefly  made  by  methods 
(l),  (2^,  (3),  (4);  hydrocinnamyl  alcohol   by  method  (6) ;  the  secondary  alcohols  by 
Bcthod  (I),  or  by  the  reduction  of  the  ketones  according  to  method  (3),  and  the  tertiary 
alcohols,  like  benzyldimethyl  carbinol,  by  method  (7). 
Nadeos  Homologous  Benzyl  Alcohob : 

M.P.    B.P. 
o-Tolyl  Carbinol,    .   .  CH,r2]C,H^ri]CH,0H  34**  2230    (B.  24,  174). 
m-Tolyl  Carbinol,    .   .  CH,[3lC,HTi1CH,OH               liquid  217°    (B.i8,R.66). 
p-Tolyl  Carbinol,    .   .  CH,[4jC.H^[ijCH,.  OH  59**  217*    (A.  124,255). 
2 4- Dimethyl  Benzyl  Al- 
cohol,      (Cn,),r2,4]C,H,[i]CH,.OH         22^  232^    (B.  21, 3085). 

3,5-Mesityl  Alcohol,  .   .  (CH,),[3,5]CeH,[i1CH,.OH     liquid  220*    (6x6,1577). 
2,4,5-Cumobenzyl Alcohol,  (CH,),[2,4,5]CeH,[i]CH,. OH     168°    —  ) 
3,4,5- HemimellibenzylAl-  V  (B.  24, 24 11). 

cohol (CH,),r3,4,5]CeH.[i]CH,.OH       78**    -  J 

Mellithyl  Alcohol,  .  (CH,).?:, .  CH.OH  x6oo    —      (B.  22, 1217). 

p-Cumin  Alcohol,   .    .  (CH5),CH[4]CeH^[i]CH, .  OH      —    246*». 

Other  bomologues  are  the  phenyl  ethyl  alcohols  : 

Benzyl  CarHnol,  C-HjCH,    CH,OH,  boils  at  2120  (B.  9,  373). 

Phenyl  Methyl  Carfnnol,  (^H- .  CH(OH)CH„  boils  at  203<»  (B.  7,  141). 

Phenyl  Propyl  Alcohols  :  Hydrocinnamyl  Alcohol,  C^H^ .  CH,  .  CH,  .  CH,OH,  boils 
at  235^.  It  is  obtained  from  its  cinnamic  acid  ester,  which  is  present  in  storax  (A.  z88, 
202 ).  Benzyl  Methyl  Carbinol,  C.H4 .  CH, .  CH(OII)  .  CH„  boils  at  2150.  Phenyl- 
ethyl  Carbinol,  C^H^CHfOH)  .  CH,  .  CH„  boils  at  22i<».  Benzyldimethyl  Carbinol, 
C^IIj  .  CH, .  C(OH)(CH,)„  melts  at  210  and  boils  at  225°. 

Derivatives  of  the  Phenyl-Paraffin  Alcohols.— ^^/^/V/^j/^rj. 

Benzyl  chloride  and  benzyl  bromide  are  produced  when  chlorine  or  bro- 
mine (p.  61)  acts  upon  boiling  toluene  (Beilstein,  A.  143,  369).  Benzyl 
chloride,  bromide,  and  iodide  are  also  formed  from  benzyl  alcohol  and 
the  haloid  acids,  and  benzyl  iodide  by  the  action  of  potassium  iodide 
upon  benzyl  chloride  (A.  224,  126)  : 

Benzyl  Chloride,  .   .   .  C^Hj.  CH,C1  liquid  B.  P.  I76«. 

Benzyl  Bromide,  .   ,   .CeH^.CHjBr  **  *'     2100. 

Benzyl  Iodide,     .    .    .  C^H^ .  CH,I    melts  at  24^  and  decomposes. 

Benzyl  Chloride,  isomeric  with  the  three  chlortoluenes  (p.  61),  is 
an  important  reagent,  by  means  of  which  numerous  derivatives  of  benzyl 
alcohol  have  been  prepared,  as  its  chlorine  atom  is  readily  exchanged. 
It  passes  into  benzyl  alcohol  when  boiled  with  water.  Heated  with 
water  and  lead  nitrate  it  yields  benzaldehyde,  and  by  oxidation  ben- 
zoic acid : 


CH.C11.— 9.vi..cH,a-i;;:tJ«J;^;;g!l 


CjHj .  CHO — ¥■  CjHjCOOH. 

The  following  ethers  hare  been  made  by  the  action  of  sodium  alcohol  at  es  upon  benzyl 
chloride:  Benzyl  Methyl  Ether  boils  at  l68<».  The  ethyl  ether  boils  at  185°.  The 
benzyl  ether  (A.  241,  374),  (C,HjCH,),0,  boiling  at  296®,  results  from  the  action  of 
boron  trioxide  upon  benzyl  alcohol.  Methylene  Dibenzyl  Ether,  CH,(OCH, .  C^Hg), 
(A.  240,  200).  BentylaraHnoside,  CjH.Os.  CH,.  C^Hj,  melts  at  I72«>  (B.  27,  2482). 
Benzylphenyl  Ether  melu  at  39^^  and  boils  at  287^ 

Homologous  Betuyl  Chlorides,  aChlorethyl  Benzene,  C^HjCHO .  CH„  boils  at 
I94«».  (<*-)  fi'CkUretkyl  Benzene,  C,H. .  CH,  .  CH,C1.  Iwils  at  93**  (17  mm.),  o-,  m-, 
y  Methyl  Bemyl  Chioride,  CH, .  C,H^CH,C1,  boil  at  198°,  195 <»,  and  I92<>  respectively. 
a-Chlorpropyl  Benzene,  C^H,  .  CHCl .  CH, .  CH„  and  pChlorpropyl  Benzene,  C,H,- 
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Cd.CHaCH,,  boil  about  203-207<*  with  the  splittiDg  off  of  hjdrochloric  acid  and  die 
production  of  a-phenylpropylene,  C^H^ .  CH :  CH  .  CH,,  and  allyl  benzene,  G^H^CH,- 

CII=CIV 

Benzyl  Phosphates  :  The  mono-  melts  at  78^,  the  di-  is  liqaid,  and  the  tri-  melts  at  64^ 
(A.  26a,  211). 

Esters  of  Carhonic  Acid.  Benzyl  Acetate^  C^HjCH,  .  O .  CO .  CII„  boils  at  lo6« 
Dibenzyl  Oxalate,  (C^Hj .  CH,0 .  CO),,  melts  at  8o*».  ^ 

Sulphur  Derivatives  0/  Benzyl  Alcohol  are  fonned  just  like  the  sulphur  compounds  of 
the  fat-alcohols  (I,  147). 

Benzyl  Sulphydrate,  Benzyl  Mercaptan,  C^H^.CH,.SH.  It  is  a  liquid  with  1 
leek-like  odor ;  boils  at  194**,  and  at  20°  has  a  specific  gravity  =  1.058  (A.  140,  86). 

Benzyl  Sulphide,  (C^IIj.  CH,),S,  melting  at  49°,  when  subjected  to  dry  dbtillatkm 
yields  stilbene  (see  this),  stilbene sulphide,  dibenzyl  (see  this),  thionessal ox tetraphenyltkio- 
pheni  (see  this),  and  toluene.  The  sulphone,  (C^Hj.  CH,),SO.,  melts  at  150®.  It  re- 
sults when  the  sulphoxide  in  glacial  acetic  acid  is  acted  upon  by  ICMnO^  (B.  13, 1284). 

Benzyl  Disulphide,  (C,Il5CH,),S„  melting  at  7I*>  (B.  ao,  15),  resolU  from  the  oxkli- 
tion  of  benzyl  sulphydrate  in  the  air  (A.  136,  86). 

Benzyl  Dimethyl  Sulphine  Iodide,  CjH5CH,S(CH,),I,  is  an  orange-red  cokxed 
compound  (B.  7,  1274). 

Benzyl  Sulphoxide,  (C-H5CH,),SO,  melting  at  133**,  is  formed  by  oxidizing  benzyl 
sulphide  with  nitric  acid  (B.  13,  1284). 

Benzyl  Sulphonic  Acid,  C^Hg.  CH, .  SO,H,  is  a  deliquescent  crystalline  mass;  it  is 
isomeric  with  toluene-sulphonic  acid.  The  potassium  salt  is  formed  on  boiling  benzyl 
chloride  with  potassium  sulphite.     The  chloride  melts  at  92®  (B.  13,  1287). 

Benzyl  Hyposulphurous  Acid,  CgH^CH^SSOjH,  melts  at  74®  (B.  23,  R.  284). 

Nitrogen  Derivatives  of  the  Phenyl-Paraffin  Alcohols. 

Phenyl  Nitro-paraffins :  When  the  homologous  benzenes  are  heated  in  sealed 
tubes  with  dilute  nitric  acid  the  nitro-groups  usually  enter  the  side-chains  with  the  forma- 
tion of  phenyl nitroparaffins  (see  I,  154;  Konowaloff,  B.  28,  1850,  R.  235  ;  29,  2199). 
IJy  this  treatment  toluene  yields  Phenylnitromethane,  C^Hj .  CH, .  NO,.  This  body 
has  also  been  prepared  from  nitrobenzalphthalide,  as  well  as  from  benzyl  haloids,  but  best 
from  the  iodide  (B.  29,  700)  by  the  action  of  silver  nitrite.  It  is  an  oil  boiling  with  de- 
composition at  226°.  It  dissolves,  like  the  nitro-paraffins,  in  sodium  hydroxide,  forming 
a  sodium  salt,  from  which  the  oily  phenylnitromethane  is  again  regained  by  the  action  of 
CO^or  acetic  acid.  If,  however,  the  sodium  salt  be  precipitated  with  mineral  acids,  a 
crystalline  substance,  melting  at  84°,  is  obtained.  This  is  isomeric  with  the  oily  body 
and  is  distinguished  from  it  by  the  red  coloration  it  yields  with  ferric  chloride,  as  well  as 
by  its  electric  conductivity.  It  quickly  changes  both  in  solution  and  when  in  a  free 
state  into  the  oily  isoineride.  Its  constitution  certainly  corresponds  to  the  formula 
adopted  for  the  so<lium  salts  of  the  nitro-paraffins  (l,  155),  from  which,  however,  the 
corresponding  free  iKxlics  in  the  fatty  series  have  not  been  successfully  isolated  (Hantzsch 
and  O.  W.  Schultze,  B.  29,  2251) : 


CgHj .  CH,N( ), — >  C,l  I5CH— NONa >  C.Hj .  CH— NOH 

\o/  ^o/ 

Neutral  Oil  Melts  at  84^ ;  acid. 

Similar  stable  and  unstable  isomerides  have  also  been  obtained  from  the  nucleus 
homologues  and  substituted  phenyl  nitro-paraffins. 

Phenyl-Paraffin  Amines,  Benzylamines. — (i)  Alcoholic  ammo- 
nia converts  benzyl  chloride  into  mono-,  di-,  and  tri-benzylamines  (B. 
23,  2971): 

Benzylamine,  CgHsCHjNH,,      boils  at  i87<». 

Dibenzylamine,       (CgHjCH,),!/!!,      "    "  300®. 

Tribenzylamine,     (CgH6CH,)jN,      melts**    9I<». 

Most  of  the  other  methods  of  producing  benzylamine  are  reactions, 
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which  have  been  fully  discussed  in  connection  with  the  primary  alkyl- 
amines. 

Benzylamine  is  formed  (2)  by  the  reduction  of  phenylnitromethane, 
benzaldoxime,  and  benzylidene  phenylhydrazone  (B.  19,  1928,  3232);  (3) 
and  (4)  by  heating  benzaldehyde  with  ammonium  formate  or  formamide 
(B.  XQ,  2128;  20,  104),  together  with  di- and  tribenzylamine ;  (5)  by 
the  reduction  of  benzonitrile  (B.  20,  1709)  and  (6)  of  benzothiamide 
(B.  ax,  51) ;  (7)  by  saponifying  benzylisocyanide  or  benzyl  carbonimide, 
QHsCH,NCOCB.  5, 692),  and  (8)  benzyl  acetamide,  QHjCHjNHCOCH, 
(B.  X2,  1297);  (9)  by  the  distillation  of  phenylamidoacetic  acid, 
QHjCHCNHOCOjH  (B.  14,  1969);  and  (10)  by  the  action  of  caustic 
alkali  and  bromine  upon  a-toluamide.  Benzylamine  is  a  liquid,  dissolv- 
ing readily  in  water.  It  differs  from  its  isomeric  toluidine  in  being  a 
strong  base,  which  attracts  COt  from  the  air. 

Homologous  Benxylamines  are  isomeric  with  corresponding  alphylamines  (p.  164). 
They  are  mostly  formed  by  reducing  nitriles  with  alcohol  and  sodium  ;  some  by  the  reduc- 
tion of  oximes  or  nitro-compounds,  while  others  are  obtained  by  the  methods  indicated 
under  benzylamine. 

B.P. 

P-Pkmyieikylamifu, C^Hj .  Ui,  ,  CHjNH,,  197°  (B.  26,  1904). 

o-Pbenylelhylamine, C^H,CH(NFL)CH„  1870  (B.  27,  2306). 


o-TolnbcnzyUunine, CHJzlCH/ilCHaNH,,  2010  (B.  23,  1026). 

m-XylyUmine, ClIsN]C,H,[i]CH,NH„  2010  (B.  23,3165). 

[i'-Amino.i,4-dimelhylphene],  .  CllJ+lCH  J  ilCH,  .  NH,.  I95<>  (B.  20, 1710). 

X-Phenyl-propylamine,  ....  CH^  ,  CH,.  CH,  .  CH^  .  NH,,  22i<»  (B.  27,  2309). 

;3  Phenyl-propylamine CH,  .  CH(C5Hs) .  CH.NH,,  2100(6.26,2875). 

a-Hienyl-propylamine CHj  .  CH,.  CH(C,irj) .  NHj,  2050. 

/i-Phenyl-isopropylamine,  .    .    .  C-H^CH^  .  CH(NH,1CH„  2030(6.20,618). 

[l'-Amino-i,2,4-trimcthy!phene],[CH,)j2,4lC^H3ri]CH,.NH„  218®  (B.  21,  3083V 


i^-Mesitylamine .  (CH^Ua.sjC.Il^CiJCH,  .  NH,,  2i8<>  (B.  25.  3013  . 

Cumylamine (CH^),CH[4]QH4[i]CHjNH„  226°  (B.  20,  2414). 

M.  P. 
Cumobcnzylamine,     ....  (Cn,)jr2,4,5]C,H,[i]CH,NH„     640  (B.  24,  2409). 
Hemimellibenzylamine,     .    .  (CH,)5[3,4,5jCeHj[ijCH,NH„  123°  (B.  24,  2411). 

An  optically  actiTe,  laerorotatory  base  (B.  29,  2313)  has  been  isolated  by  means  of 

its  bitartrmte  from  a-phenylethylamine,  C0H5CH(NH2)Crig,  containing  an  asymmetric 
C-atom. 

Benzylalkyi-  and  bensylalphylamines,  as  well  as  benzylalkyi ammonium  compounds, 
attach  themselves  to  the  troe  benzylamines. 

Benzylaniline,  C^H,.  CH, .  NH  .  C^Hj,  melts  at  32®,  and  is  formed  from  aniline  and 
benzyl  chloride  (A.  138,  225),  or  by  the  reduction  of  benzylidene  aniline  with  sodium  in 
alcoholic  solution  (A.  241,  330).  When  heated  to  220®  with  sulphur  it  yields  thiobenz- 
anilUe,  and  benzntylamuUthiophenol  9X  250^  (A.  259,  300). 

Dibenzylaniline,  (C-H^  .  CH,), .  N  .  CeH^.  melts  at  67*  (B.  20,  161 1). 

Benzyl  Chloramin*  (B.  26,  R.  188).  Dibenzyl  Nitrosamine,  (C,Il5CH,),N .  NO, 
melts  at  610  (B.  19,  3288).  Benzyl  Methyl  Niiramine,  CeH5CH,N(CH,)NO,  (B.  29, 
R.  95). 

Benzyl  Oxetkylamine^  C,Hj.CH,.NH.CH,.Cn,OH, /iVr^/^,  melting  at  136®,  resulU 

<0— CH, 
i      (see  this),  by  sodium 

and  alcohol  (B.  99,  2382). 

The  foUowing  rq>resentatiTef  of  the  numerous  benzylated  acid  amides  and  benzylated 
nitrogen  deriTrntives  of  cartionic  u\6  may  be  mentioned : 
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Bensylaeetamide,  C«H|CH,NHCOCH.,  melts  at  60^  (B.  zg,  1286). 

Dibenzyl  Urea  Chloride,  (C;rj[,CH,),NCOCl,  is  an  oil  (B.  25,  1819). 

Benzyl  Urea,  C,HgCH,NlICONH„  melts  at  I47<».  Sym.  and  nnsym.  ^kemyl 
urea  melt  at  167*'  and  124^^  (B.  9,  81).  7W-  and  Utra-kinayi  urea  melt  at  119^  and 
85*  (B.  25,  X826). 

Benzylthiourea  melts  at  1640  (B.  24,  2727 ;  25,  817). 

Dibenzyl  Guanidine,  (C.H(CH,NH),C  :  NH,  melts  at  loo^  (B.  5,  695). 

Benzylisocyanate,  Benzyl  carbonimide,  C^H(CH,N :  CO,  is  a  liquid  with  peneCntiog 
odor.  BenzyUyanurate  melts  at  157®  (B.  5,  692).  Bewiyl  Mustard  Oil^  C^HXH,- 
N :  CS,  boils  at  243«  (B.  i,  201).  Dibenzylhydraztne,  C,H. .  CH, .  NH  .  NH .  CH..  - 
<  ;,l  Ij,  melting  at  65°,  is  formed  when  benzalazine  (p.  185)  is  rcdaced.  It  yields  (CyH,N,), 
on  oxidation.  Concentrated  acids  resolve  the  latter  into  benzalazine  and  dibenzylhydra- 
zine(B.  28,2345). 

Benzylhydroxylamines. — IXf^^^a-benzvlhydroxylamine,  C,TT^CH,0.  NH,,boiliog 
at  123°  (50  mm.),  results  upon  decomposing  benzyl  benzaldoxime  with  hydrochloric  tdd. 
Benzyl  chloride  changes  this  liquid  substance  to 

aP-Dibemvlhydroxylamitte,  C,HjCH, .  O .  NH .  CH, .  C^H^,  liquid,  and 
Tribenzylhydroxylamine,  C^H^CH, .  O  .  N{CH, .  CjHj),. 

/3-Benzylhydroxylamine  is  obtained  by  decomposing  a)3-dibenzylhydroxylamine  with 
hydrochloric  acid.  It  melts  at  57®.  Benzyl  chloride  converts  it  into  p-dibenzylkydroxyl 
amine,  (C,H5CH,),N .  OH,  melting  at  123**  (A.  275,  133);  compare  also  the  beni- 
aldoximes,  p.  185. 

^•BiS'Onitrobenzylhydroxylamine,  (NO, .  C^H^ .  Cn,),N  .  OH,  melting  at  24®,  is  ob- 
tained from  o-nitrobienzyl  chloride  and  hydroxylamine.  Nitrobenzyliaonitrobenzaldox- 
ime  is  formed  by  its  oxidation  (p.  187)  (B.  30,  $8). 

Substituted  benzyl  alcohols  ore  derived  from  substituted  benzyl  chlorides  when  thej 
are  heated  with  aqueous  potash  (B.  25,  3290^,  or  by  means  of  acetic  esters.  Many, like 
m-nitrobenzyl  alcohol,  are  also  obtained  by  the  action  of  alcoholic  potash  upon  the  cor- 
resi>onding  aldehydes. 

0-,  m-,  p-Brombenzyl  Alcohol :  o-  melts  at  80^  ;  m-  is  liquid ;  p-  melts  at  72**. 

0-,  m-,  p-Brombenzyl  Bromide,  melt  at  30®,  41®,  6x**. 
0-,  m-.  p  Nitrobenzyl  Alcohol,  "  "  74®,  27**,  93®. 
0-,  m-,  p-Nitrobenzyl  Chloride,      **     *«  47°,  46®,  71®. 

Formation  of  Hetero-rings  from  Derivatives  of  o-Amidobenzy I  Alcohol, — Just  like  the 
o-diamines  (p.  95).  o-amidophenols  (p.  152),  and  o-amidothiophenols  (p.  157),  many 
o-ainidobenzyl  alcohol  derivatives,  and  also  those  of  o-nitrobenzyl  alcohol,  so  far  as  they 
yield  oamidobenzyl  alcohol  compounds  upon  reduction,  show  ability  to  form  hetero* 
rings.  Some  of  the  derivatives  of  these  two  alcohols  capable  of  yielding  hetero-rings 
are  the  following: 

o- Nitrobenzyl  Sidphocyanide,  NO.C^H^CHjS .  CN,  melting  at  75°  (B.  25,  3028), 
yields  o-benzylene-V'-thiourea.  Sulphuric  acid  reduces  it  to  o-nitrobenzylcarbamine- 
thiolic  ester,  XO^ .  CjH^CH,.  SCONII-,  melting  at  116**.  Hydrochloric  acid  saponifies 
this  to  o-nitrobenzyl  mercaplan,  N0,r2jCjH^[i]CH,SH,  melting  at  43°.  Both  bodies 
vi-jld  benzisothiazole  upon  reduction  (B.  28,  1027  ;  29,  160). 

o  Amidobenzyl  Alcohol,  CgII^(NH,)  .CH, .  OH,  melting  at  82°  and  boiling  at 
\(io^y  is  formed  by  the  re<luction  of  anthranil  and  o-nitrobenzyl  alcohol  with  zinc-dust  and 
iiydrochloric  acid  (B.  25,  2968;  27,  3513).  It  becomes  thiocumazone  (B.  27,  1866) 
when  it  is  boiled  with  alcoholic  CS,«  and  thiocumothiazone  (B.  27,  2427)  when  the 
CS,  and  alcoholic  potash  are  used.  The  urea  derivatives  of  oamidobenzyl  alcohol  lead 
to  similar  rings  (B.  27,  2413). 

o- Amidobenzyl  Chloride  Hydrochloride,  HCl .  NH,  .  C,H4CH,C1,  is  formed  by  the 
action  of  concentrated  hydrochloric  acid  upon  o-amidobenzyl  alcohol.  With  caustic 
potash  this  salt  yields  poly-o-benzylene-imide,  (C7H,N)x  (B.  19,  z6ll ;  28,  918, 1651); 
with  acetic  anhydride,  /i-methylphenpentoxazole,  with  thiacetamide  /i-methylphenpenthi- 
azole  (B.  27,  3515),  and  with  thiurea,  o-benzylene-^-thiurea  (B.  28,  1039);  compare 
o-nitrobenzylrhodanide. 
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An  anhydride  of  an  ^bentylakohol  sulphonic  acid^ 

decomposition  at  288^,  has  heen  obtained  by  reduction  of  o-suIpE 
pbthahde  has  been  formed  from  phthalyl  chloride  (B.  27,  R.  790). 


-•'/,C.H,{[» 
ion  of  o-sulphobenzo: 


>0,  melting  with 
nzoic  chloride,  just  as 


/-•  «»    f  CHj.SCN 


[NO, 
^  „  /  CH,a      +  Thiocarbamide 


c;h^|^-!!«sh 


aH 


I  NO, 


<^H.{s^r-{; 


cs. 


CSf.KOH 


^  „  r  CH,a       (CH<co),o    . 
fCH,a 

•\NH,Ha 


r-  u  /  CH.a        ■\-  ThiaceUmide  ^ 
^•"4l  NH-Hr'  ^ 


(CH,— O 

fCH,— S 

^MN=i.CH. 
fCII,— s 

^  Hn.=^(I;.ch, 


NH, 


o-Benzylene-^-thiurea 
Benzisothiazole 

Thiocumazone 

Tbiocumothiazone 

/<-Methylphenpentoxazole 

/i-Methylphenpenthiazole. 


o-Nitrobenzylamine,  C^H4(N0,) .  CH, .  NH,,  obtained  from  o-nitrobenzylchloride 
by  the  saponification  of  its  pnthalimide-derivative,  is  a  strong,  oily  base  (B.  ao,  2227). 

o-NUrobenzylformamide^  NO, .  C,H^  .  CH, .  NH .  CHO,  melting  at  89°,  is  reduced  to 
dihydroquinatoline  (see  this)  (B.  25,  3031). 

^  Nitrobensylamine — see  B.  30,  61. 

o-Niirobenzyi Anilifu,  NO,.  C;H.  .  CH, .  NHC.H.,  melts  at  44<»  (B.  19,  1607). 

o-Nitrobtntylphenylnitrosamififf  NO,CgH4CH,^f(^fO)C,HJ,  is  converted  by  tin  and 
hydrochloric  acid  into  Vk-phenylindazoU  (B.  27,  2899). 

o-Amidoben%ylamine^  o-benzylenediamine,  NH.C.H^CH^NH,,  is  a  radiating  crystal- 
line mass,  obtained  from  o-nitrobenzylamine.  vVitli  aldehydes  like  benzaldehyde  it 
Uxm&  phenyUrtrahydroketoquinazoline  ;  with  i^hosgtnc ^  tetrahydroketoquinazoiifu  ;  with 
carbon  disulphide,  tetrahydrothioquinazoline  (B.  28,  R.  238).  o-Amidobenzyl  Aniline^ 
NH, .  CJt\^ .  CH, .  NH .  CjHj,  melting  at  86®,  forms  ^phenphenyldihydrotriazine  with 
nitrous  acid  (B.  25,  448) : 


^  „   f  CH,— NHCHO 
C.H,{S5N(NO)C.H, 

^H^^C^NHC^H, 


Sn 


HCl 
CeHftCHO 


COCla 


{CH 
^   >NC,II, 

^''•"HNH-tHC.H. 
jCH,— NH 


CS. 


NOOH 


^^•"•iNH-io 
(CH,— NH 

■^^"4nh-6s 


Dihydroquinazoline 

n-Phenylindazole 

c-Phenyltetrahydro- 
quinazoline 

Tetrahydroketoquin- 
azoline 

Tetrahydrothioquin- 
azoline 

/3-  Phenphenyldihydro- 
triazine. 
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2.  AROMATIC  MONALDBHYDB8. 

The  aromatic  monaldehydes  are  the  first  oxidation  products,  and  cor- 
respond to  the  primary  aromatic  monohydric  alcohols.  They  arc  very 
similar  to  the  fatty  aldehydes  so  far  as  their  rearrangements,  dependent 
iiix)n  the  reactivity  of  the  aldehyde  group,  are  concerned. 

Formation. — (i)  By  the  oxidation  of  the  primary  monohydric,  aromatic 
alcohols.  (2)  By  the  distillation  of  the  calcium  salts  of  the  aromatic 
acids  with  calcium  formate.  (3)  From  their  halogen  derivatives,  C,Hj.  - 
CHClj,  with  water,  especially  in  the  presence  of  sodium  carbonate,  lime, 
or  lead  oxide,  or  by  heating  with  anhydrous  oxalic  acid.  (4)  Techni- 
cally !)y  oxidizing  benzyl  chloride  with  lead  nitrate.  (5)  A  very  inter- 
esting and  direct  conversion  of  homologous  benzenes  into  aldehydes  is 
that  occurring  in  the  action  of  chromyl  chloride,  CrO,Cli.  The  first  pro- 
ducts are  pulverulent,  brown  addition-compounds,  CeH5CH,(CrO,Cl,)„ 
which  decompose  into  aldehydes  when  they  are  introduced  into  water  (B. 
17,  1462;  21,  R.  714). 

Properties,  —  Benzaldehyde  and  its  homologues  are  mostly  liquid 
bodies,  which  possess  an  aromatic  odor  and  reduce  ammoniacal  silver 
solutions  with  the  production  of  a  metallic  mirror,  (i)  They  are  readily 
oxidized  to  carboxylic  acids.  (2)  They  differ  from  the  fatty  aldehydes 
in  that  they  are,  as  a  general  thing,  readily  oxidized  to  alcohols  and  acids 
by  alcoholic  or  aqueous  alkalies  (p.  176) ;  it  appears  that  this  reaction  is, 
however,  only  jKiculiar  to  those  aldehydes  in  which  the  CHO-group  is  in 
direct  union  with  the  benzene  nucleus.  (3)  Nascent  hydrogen  reduces 
I  hem  to  alcohols  when  they  are  in  part,  through  the  union  of  two  alde- 
hyde residues,  converted  into  hydrobenzolns.  (4)  They  combine  with  acid 
alkaline  sulphites.  (5)  With  hydroxylamine  they  yield  a/tioximes,  which 
manifest  ralher  remarkable  isomeric  relations.  (6)  They  form  phenyl- 
hydrazones  with  phenylhydrazine.  (7)  Phosphorus  i)entachloride  re- 
places their  aldehyde  oxygen  by  two  atoms  of  chlorine.  (8)  Chlorine 
substitutes  aldehyde  hydrogen. 

They  do  not  polymerize,  as  do  the  first  members  of  the  group  of  fatty 
aldehydes. 

Nucleus  Syntheses. — (i)  In  the  reduction  of  aromatic  aldehydes — e.g., 
in  the  electrolytic  reduction  (B.  29,  R.  229) — there  occurs,  along  with 
alcohol  formation,  a  production  of  hydrobenzoin  analogous  to  the  pina- 
cone  formation  (i,  212)  : 

zCfills.  Clio  -f  2H  =  C,H5CH(0H)  —  CII (01 1)  .CeHj— Hydrobenzoin. 

(2)  A  very  interesting  reaction  of  the  aldehydes  is  their  conversion 
into  benzoins  through  the  agency  of  alcoholic  potassium  cyanide.  Two 
aldehyde  molecules  combine  to  a  polymeric  body  : 

2CeIl5CHO=C8H5CH(OH) .  CO .  C^H^— Bcnioln. 

See  B.  29,  1729,  for  the  condensations  of  benzylidene  aniline  and  benzal- 
dehyde by  potassium  cyanide. 

(3)  The  aromatic  aldehydes  combine  with   the  most  heterogeneous 
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tK>dies, — e,  g.,  aldehydes,  ketones,  monocarboxylic  acids,  dicarboxylic 
acids,  etc. , — water  always  disappearing. 

These  so-called  eondensaticn' reactions  proceed  similarly  to  the  a/(/(9/-condensation, 
only  there  is  generally  an  elimination  of  water,  as  in  the  conversion  of  aldol  into  croton- 
aldtkyde.  The  condensatioo  agents  are  HCl-gas,  zinc  chloride,  sulphuric  acid,  glacial 
acetic  acid,  acetic  anhydride,  dilute  sodium  hydroxide,  baryta-water,  a  solution  of 
polassiiim  acetate,  and  potassium  cyanide. 

In  this  manner  benzaldehyde  can  undergo  the  following  rearrangements  without  diffi- 
caky: 


CHgCOOH 


c:;h,.cho- 


CHgCHO 


CHi.CO.CHi 


CH,(COOH)t 


->-  C^HjCH  =  CH  .  COOH  Cinnamic  Acid 

-^  CjHjCH  =  CH .  CHO  Cinnamic  Aldehyde 

■^  C^HjCH  =  CH  .  CO .  CH,  Benzalacetone 

->  CjHjCH  =  C(CCX)H),  Benzalmalonic  Acid 


CHgCOCHgCOgCtHt  ^  r  H  TH  —  r^^^«  •  ^6^6      Benzalacetoacetic 
—^ — ^^^  y>  q|H,CH  - C<^Q»  ^^^  g^j^^ 


Pyrvtusy  CO[CrCH,) :  CrC-Hj)],©  (B.  29,  1352),  result  when  two  molecules  of 
benxaldehyde  condense  with  Ketones  like  diethylketone.  Pyridine  derivatives  result 
when  benzaldehyde  and  acetoacetic  ester  condense  with  ammonia  and  aniline ;  whereas 
benzylidene  diacetoacetic  esters  are  formed  under  the  influence  of  aliphatic  amines  (B. 
ag.  R.  841). 

The  benzaldehydes  also  condense  with  phenols  and  anilines,  forming  derivatives  of 
trif^ienylinethane. 

The  conditions  under  which  these  bodies  are  formed  will  be  more  fully 
explained  in  connection  with  their  description. 

Benzaldehyde,  Bitter  Almond  Oil,  Benzyl  Hydride,  CeHj.  CHO, 
boiling  at  179°,  with  sp.  gravity  1.050  (15°),  is  acolorless  liquid  with  high 
refractive  power.  Formerly  it  was  prepared  exclusively  from  its  glucoside 
amygdalin  (see  below).  At  present  it  is  only  the  officinal  bitter-almond 
oil  water,  aqua  amygdalarum  amararumy  in  which  hydrocyanic  acid  is 
the  active  ingredient,  that  is  made  from  the  amygdalin.  It  has  the  char- 
acteristic agreeable  '*  bitter-almond  oil  "  odor.  It  is  soluble  in  30  pans 
water,  and  is  miscible  with  alcohol  and  ether.  Benzaldehyde  does  not 
occur  already  formed  in  the  bitter  almonds,  but  is  produced,  as  demon- 
strated by  WShler  and  Liebig  in  183 1,  from  the  glucoside  amygdalin,  con- 
tained in  the  oil.  This  is  easily  converted  by  boiling  with  dilute  acids 
or  upon  standing  in  contact  with  the  unorganized  ferment  emulsin, 
also  present  in  bitter  almonds,  into  benzaldehyde,  glucose,  and  hydro- 
cyanic acid.      Amygdalin : 

C„H„NOu  +  2H,0  =  CeH.CHO  +  ^C^l^fi^  -f  CNH. 

In  the  general  methods  common  to  the  formation  of  all  aldehydes  re- 
actions were  indicated  which  would  lead  to  the  production  of  benzal- 
dehyde. Thus  it  is  formed  (i)  from  benzyl  alcohol ;  (2)  from  calcium 
benzoate  and  formate;  (3)  from  benzal  chloride;  (4)  from  benzyl 
chloride,  from  which  it  is  prepared  technically  by  oxidation  with  lead 
nitrate;  and  (5)  from  toluene  and  chromyl  chloride,  CrOjClj. 

In  describing  the  transformations  of  the  aldehydes,  benzaldehyde  was 
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chosen  as  the  example.  It  even  absorbs  oxygen  from  the  air  and  becomes 
benzoic  acid,  and  when  mixed  with  acetic  anhydride  and  sand  it  not  only 
yields  benzoic  acid,  but  also  benzoyl  peroxide  (CeH^COO),  (see  this) 
(B.  27,  1959).  Sodium  amalgam  reduces  it  to  benzyl  alcohol  and  hydro- 
benzoin,  while  PC1(  changes  it  to  benzal  chloride.  It  shoivs  both  ozime 
and  phenylhydrazone  formation,  etc. 

Homologous  Benzaldehydes. — o-,  m-,  and  p-  Toluk  Aldehydes  boil  at  200^,  199°, 
and  204°.  The  o-  and  m-bodies  smell  like  benzaldehyde,  while  the  p-componnd  has  an 
odor  like  that  of  pepper. 

a-Toluic  Aldehyde,  Phenylacetmldehyde,  CJI5.  CH,.  CHO,  boiling  at  2o6<'and 
isomeric  with  the  three  toluic  aldehydes,  is  produced  (i)  by  distillation  of  a-toluate  of 
calcium  and  calcium  formate ;  (2)  when  chromyl  chloride  and  water  act  upon  ethyl  ben- 
zene ;  (3)  by  acting  with  water  on  /i-bromstyrolene  ;  (4)  by  heating  phenyl- lactic  acid  or 
phenyl -glvcidic  acid  with  dilute  sulphuric  acid  ;  (5)  from  pbenyl-a-chlor-lactic  acid, 
CgH5.CH(OH) .  CIICl .  CO,H,  by  the  action  of  alkalies  (B.  z6,  1286;  A.  219,  179); 
and  (6)  from  phenyl -glyceric  acid  at  160^. 

Phenyl-propyl  Aldehyde,  hydrocinnamic  aldehyde,  C^H^  .  CH,  .  CH,  .  CHO, 
boils  at  208^. 

Cumic  Aldehyde,  Cuminol,  p-isopropyl-benzaldehyde,  (CH,),CH- 
[4]C6H4[i]CHO,  boiling  at  235°,  with  specific  gravity  0.973  (13**), 
occurs,  together  with  cymene,  in  Roman  caraway  oil,  and  in  oil  of  Cicuta 
virosa^  or  water  hemlock  (B.  26,  R.  684).  Cuminol  possesses  an  aromatic 
odor.  Dilute  nitric  acid  oxidizes  it  to  cumic  acid  ;  chromic  acid  con- 
verts it  into  terci)hthalic  acid.  Cumic  acid  (see  this)  and  cumyl  alcohol 
(p.  177)  are  produced  when  it  is  digested  with  alcoholic  potash.  When 
distilled  with  zinc-dust,  cymene  results. 

Derivatives  of  Benzaldehyde. 

Haloid  Derivatives. — The  halogen  compounds  corresponding  to  benzaldehyde  are 
obtained  by  the  action  of  PCI5  or  PBfj  upon  it. 

Benzal  Chloride^  Benzylidene  Chloride,  Chloroben/ene,  Chloride  of  Bitter-almond 
Oil,  CglljCHCl,,  boiling  at  213°,  with  sp.  gravity  1. 295  (16®),  results  from  the  aaioo 
of  clilorine  upon  boiling  toluene,  from  toluene  (A.  139,  318 ;  146,  322)  and  PCI5  at  170- 
200°,  as  well  as  from  l)enzaldehyde  and  COCl^  (Z.  f.  Ch.  [2]  7,  79).  It  changes  to 
benzaldehyde  when  it  is  heated  to  140-160°  with  water,  or  to  60-70°  with  anhydrous 
oxalic  acid.     Benzal  Bromide  boils  at  130-140°  (20  mm.). 

Ethers  and  Esters  of  Benzaldehyde. — Benzal  dimethyl  and  diethyl  ether ^  boiling  at 
208°  and  222°,  benzal  diacetyl ester^  melting  at  44°  and  boiling  at  220°  (A.  xoa,  368; 
146,  323),  are  produced  when  sodium  methylate,  sodium  ethylate,  and  silver  acetate  act 
upon  benzal  chloride.  The  diethyl  ether  is  also  formed  from  benzaldehyde  and  orthoformic 
ester  (i,  233 ;  H.  29,  247),  as  well  as  from  benzylideneimide  hydrochloride  with  alcohol. 

Sulphur  Derivatives  of  Benzaldehyde. — Compare  the  thioacetaldehydes  ( i,  203)  :a- 
and  i^-trithiobenzaldehyde  melt  at  167°  and  225°  (B.  29,  159).  Polymeric  thiobenzal- 
dehyde  melts  at  83°  (B.  24,  1428).  When  heated  with  finely  divided  copper  they 
yield  stilbene,  C^Hj.CH  =  CH.  C^Hj  (see  this).  Potassium  Oxybenzylsulphonate^ 
Cell5CH(OII)SO,K  -f-  %\\.f)  (Bertagnini,  A.  85,  186). 

Benztildehyde  Nitrogen  Derivatives. — In  its  deportment  toward  ammonia  benzaldehyde 
approaches  formaldehyde  more  closely  than  it  does  acetaldehyde,  in  that  it  forms — 

Hydrobenzamide,  tribenzal-diamine,  (CgHgCH)8N„  melting  at  110°.  When  this 
body  is  heated  it  is  transposed  to  amarine  or  triphenyldihydroglyoxaline  (see  this). 
When  hydrochloric  acid  gas  is  conducted  into  the  alcoholic-benzene  solution  of  hydro- 
benzamide, benzylidene  imide^  Cgll^CH :  NH .  HCl,  melting  with  decomposition  at 
180°,  separates.  Water  immediately  resolves  this  body  into  benzaldehyde  and  ammo- 
nium chloride  (B.  29,  2144). 
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Benzal  Ethylamine,  C^U^  .  CH  :  N  .  C^H^,  boils  at  195°.  Benzal  Aniline,  Bcn- 
tylidtne  Aniline^  C^Hj  .  CH  ;  N .  C,Hj,  melts  at  45°. 

When  the  a-pbenylenediamiDes  and  benzaldehyde  interact  the  bodies  resulting  at  first 
•re:  Bensylidene-o-phtnyUnediamine^  NH, .  CH.N  :  CH  .  CjHj,  melting  at  61°,  and 
dih^nxyiidttU'O'phenylenidiaminet  Qji\J^  :  CH .  ijHj],.  However,  they  readily  rear- 
range themselTes  into  isomeric,  ring-shaped  imidazole  derivatives  or  aldehydines  (p.  96) 
(B.  29,  1497). 

Bensyliden^-hydimsine,  C^H^.  CH:NNH,,  melting  at  16^  and  boiling  at  140^ 
(14  mm.),  and  obtained  from  hydrazine  hydrate  with  benzaldehyde  and  barium  oxide 
(J.  pr.  Cb.  [2]  44,  539),  passes  through  a  number  of  reactions,  splitting  off  hydrazine, 
libenuing  nitrogen,  etc.  •  ontil  it  finally  becomes — 

Btmtalaune,  C^H^CH  :  N, :  CH .  C^H^,  melting  at  93^.  When  this  compound  is 
beated  it  breaks  down  into  nitrogen  and  stilbene  (see  this).  It  yields  dibenzyl  hydrazine 
(p.  180)  upon  reduction,  and  combines  with  bromine  to  a  Utrabromide^  which  decom- 
poses Tcry  readily,  with  evolution  of  nitrogen  (B.  a8,  2345). 

Bental-pkmylhydrazone,  C;H5CH  :  NNHC^Hj,  melting  at  152®  (A.  190,  134), 
becomes  dibenzaldiphenylhydrotetrazone  when  it  is  oxidized  (p.  128). 

Numerous  benzal-compounds  of  hydhizine  derivatives  have  been  prepared  ;  they  serve 
to  characterize  the  latter. 

Benskydratein^    CJHi^ .  CH  ^  J. '     -  *»  melting  at  55**,  b  formed  from  benzalde- 

byde  and  hydrazobenzene  (p.  117),  at  120^-150^  (B.  zg,  2239). 

Benzaldozimct. — ^The  interaction  of  hydroxylamine  and  benzaldehyde  produces 
Q'Brmaldojnme^  benzantialdoxime,  melting  at  35^  and  boiling  at  117^  (14  mm.). 
Hydrochloric  acid,  sulphuric  acid,  or  bromine  changes  it,  with  the  simultaneous  produc- 
tion of  imstable  salts  (B.  27,  R.  599),  into  fi-Benzaidoxime,  isobenzaldoxime,  benzsyn- 
aldozime,  melting  at  125^.  When  this  body  b  distilled  under  reduced  pressure  it  passes 
into  the  a-derivative.  £ach  of  these  isomerides  gives  rise  to  two  structurally  isomeric 
series  oi  alkyl  ethers^  in  one  of  which  the  alkyl  is  joined  to  oxygen,  in  the  other  to  nitro- 
gen, as  the  first,  upon  decomposition,  yield  a-,  and  the  second  ^-alkyl  hydroxylamines. 
Hantzsch  and  Werner  attribute  the  isomerism  of  the  a-  and  /3-aldoximes  to  the  spacial 
arrangement  of  the  hydroxyl  group  with  reference  to  nitrogen.  The  oximes  are  distin- 
guished as  benzanti-  and  benzsynaldoxime  f  B.  24,  3481).  The  syn-configuration  would 
fall  to  the  ^-aldoxime,  because  in  a  series  ot  reactions — e.  g. ,  treatment  of  the  acid  ester 
with  alkalies — it  changes  more  readily  and  completely  to  benzonitriU  than  the  o-body: 

C.H..CH  QILCH 

(a-)  Benzantialdoxime  g  03-)Benzsynaldoxime  u 

HON  NOH 

The  following  foramlas  would  then  correspond  to  the  N-  and  0-alkyl  ethers  of  these 

/C,H, — CH r  — >-  CeH^CHO  •< ^  ^CJI^CH 

Antialkyl   jcH,0-N  WcH.ONH,-^ ^~         N-OCH.J   Synalkyl 

Ethers.     1c;H.-CH\         r— >-C;H4CH0        -<- ^  ^^C.H^CH^q.      (     ^^**^'^- 

CH,~^   /        l-^CH,NH(OH)-^>  ^^ChJ 

The  bensaldoumes  and  phenylcyanate  combine  to  isomeric  phenylurethane  deriva- 
tives, C^H,CH :  NOCONHC^H,.  The  N-alkyl  ethers  also  unite  with  phenylcyanate, 
forming  szoxaaole-  (foro-ab^-diuole-)  derivatives  (B.  27, 1957) : 

C;H,.  CH             OH>NCO           CeH.CH .  N(C.H,) 
C|H,N-  C,H,N O^      • 

AntihenzmUhximt'O'Wuthyl  Ether  b  an  oil,  boiling  at  191®.     It  results  from  the  inter- 
tctioo  of  g-bentsUioitme  with  sodhmi  alcoholate  and  methyl  iodide.     Hydrochloric  acid 
II— 16 
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resolves  it  into  benzaldehyde  and  a-methylhydroxyUuiuiie.  t^-MMyi  Ether  melts  at  45- 
49°.  Its  hydrobromide  is  formed  on  heating  a-benialdoxime,  methyl  bromide  and 
methyl  alcohol  in  a  sealed  tube  to  85^.  On  exposure  it  rearranges  itself  into  the  syo- 
fonn  (B.  29,  R.  866).  SynUnzaUoxime-'S-meihyl  Etker^  melting  at  82®,  is  formed, 
together  with  the  isomeric  o-ether  (which  appears  not  to  have  been  isolated),  iimn  sjn- 
benzaldoxime,  methyl  iodide,  and  sodium  ethylate  (B.  24,  2812). 

O 
'S-PAfny/6fftza/i/oximf,C^\lfiH<^\  ,  melting  at  109°,  results  from  the  onion  of 

benzaldehyde  with  ,d-phenylhydroxylamine  (p.  70)  (B.  27,  1958). 

BfnzantiaUoxime  Acetate,  C,H.CHNO(OC  .CH,),  melts  at  15®  (B.  27,  R.  599I. 

BenzalJoximeOacetuAcid,  C,H.CHN(OCH,COOH),  melts  at  98<»,  thcN-i^/fwirfw, 
N .  CH, .  COOH 
C,H5CH<  I  ,  at   183**  with  decomposition.     They  are  formed  when 

chloracetic  acid  acts  upon  potassium  benzaldoxime.  When  decomposed  the  first  yields 
glycoUic  acid  and  the  second  amidoxylacetic  acid,  HO.  NH .  CH,.COOH  (i,  350) 
(B.  29,  R.  169). 

Benzala7Hido-5ulphmic  acid,  CgH^.CH:  NSO,H,  results  from  benzaldehyde  and 
amido-sulphonic  acid  (H.  25,  472). 

Many  substituted  benzaldoximes,  ketoximes,  the  benzildioximes,  etc.,  show  isomeric 
relations  similar  to  those  exhibited  by  the  benzaldoximes. 

Substituted  Benzaldehydes  deport  themselves  toward  oxidizing  and  condensiiig 
agents  the  same  as  benzaldehyde  itself.  The  formation  of  heterocyclic  bodies  froo 
o-nitro-  and  o-amidobcnzaldehyde  is  especially  worthy  of  notice. 

Haloid  Ben-uildehydes  are  formed  when  oxalic  acid  or  sulphuric  acid  (A.  272,  14^ 
acts  upon  the  Iialogen  benzal  chlorides  ;  or  by  oxidizing  cinnamic  acids  containing  halo- 
gens in  the  nucleus : 

o  Chlorbenzaldehyde  melts  at  — ^ ;  boils  at  21 3** ;  the  oxime  melts  at    75°. 

wvChhrbenzaUehyde  **         17°;  **      213°;             **              "          70®. 

\i-ChlorhenzaUUhyde  "        47°;  "      213°;            «*             **        I06®. 

o-Brotnbt'uzn/de/iyde  **        21**;  olodbenzaldehyde             •«         37^ 

^-BrombniZiiUehyde  "         57°;  ^- /odbentaldehyde              «*         73°. 

See  B.  29,  875,  for  the  di-  and  tetrachlorbennaldehydes. 

o,  m-,  \t- lodosobnizaidekydeSj  C,H4(10)CH0,  and  o-,  m-,  and  ^- lodobensaldehydes, 
C^\\^(\0^){CHO)J  have  been  obtained  from  the  corresponding  iodide-chlorides  (B.  29, 

R-  774). 

Nitrobnizaldehydes,  NOjCjH^CHO.  On  dissolving  benzaldehyde  in  nitric-sulphuric 
acid,  the  chief  product  is  meta-nitrobenzaldehyde.  o-Nitrobenzaldehyde  is  formed  simol- 
taiicously  (B.  14,  2803).  o-Nitrobenzaldehyde  is  obtained  pure  from  o-nitrocinnamic 
acid  by  oxidizing  the  alkaline  solution  with  potassium  permanganate  in  the  presence  of 
benzene  (B.  17,  1 21),  or  from  o-nitrocinnamic  ester  through  the  action  of  nitric  acid  and 
so<lium  nitrite. 

Para-nitrobenzaldehyde  results  (i)  by  the  oxidation  of  p-nitrocinnamic  acid  (B.  14, 
2577)  ;  (2)  by  allowing  CrO^Ci,  and  water  to  act  upon  p-nitrotoluene  in  carbon  disulphide 
(1>.  19,  1061) ;  (3)  when  p-nitrobenzyl  chloride  is  boiled  with  water  and  lead  nitrate,  pr 
when  sulphuric  acid  acts  upon  p-nitrobenzal  chloride : 

MP.  M.P.  M.P. 

o-Nitrobenzaldehvdey     46°  ;  oxime,     gy^  (a),  l^S'*  (I3)\  Aydratone,  153°. 

m-Nitrobefizaidehydc,     58° ;        «•  117°  (a),  Ii8°  (p) ;  ••  I2l<». 

^•Nitrobenzaldehyde,  \Q1^\        **  129**  (a),  174°  (/J) ;  **  155°. 

Compare  B.  25,  2457,  for  the  deportment  of  the  nitrobenzaldehydes  in  the  animal  or- 
ganism. o-Nilrobenzaldehyde  condenses  with  aldehyde  and  acetone  through  the  action 
of  dilute  caustic  soda  to  o-nitrophenyllactic  acid  aldehyde  and  o-nitrophenyllactic  methyl 
ketone,  which  caustic  soda  converts  into  indigo  : 
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•*-{YJ^-{ 


CHg.CHO 


ch(oh).ch,.cho 

NO, 


(CHi)«CO 


^jj    rCH(OH).CH,.CO.CH3 


Indigo. 


187 


}c«H4. 


When  the  nitrobenzaldehydes  are  reduced  electrolytically  the  first  products  are  aide' 
kydopkenylkydroxylaminest  CHO .  QH^NHOH,  which,  however,  immediately  com- 
Inne   with  the   unaltered   nitrobenzaldehyde  to    '^-aldehydophenyl-niirobenzaldoxime^ 

/N .  C.H.CHO 
NOjCjH^CH^i       •  (p.  185)  (B.  29,  3037 ;  a8,  250).     Ferric  chloride  oxidizes 

thb  condensation-product  to  niirosobensaidehyde,  NO .  CgH^ .  CHO. 

JH-o-Niirohensyl-o-nUrabenzaldoxiffu,  NO,  .  C,H^ .  CH<^  1  *        «  *    •    *  *        «^  ^^1^. 

ing  at  142^,  results  upon  oxidizing  bis-o-nitrobenzylhydroxylamine  (p.  180)  (B.  30,  58). 

S'/^iiro-i'chlorbenzaldehyde,  NO,.  CgH,Cl.CHO,  melts  at  80°;  its  oxime  at  l^^^. 
The  latter  is  readily  converted  by  boiling  alkali  into  nitrosalicylic  acid  (B.  26,  1253). 
yNitro-^'brombenzaldehyde^  NO, .  C,H,BrCHO,  melts  at  103°;  its  oxime  at  145° 
(B.  24,  3775). 

Amidobenzaldehydes,  NH,C,H^CHO.  The  o-  and  p-  bodies  are  obtained  in  the 
action  of  ferric  chloride  upon  their  oxunes,  which  are  formed  by  the  reduction  of  o-  and 
p-nitrobenzaldoximes  with  ammonium  sulphide  (B.  15,  2004 ;  16,  1998). 

o-Amidobenzaldehyde  is  also  obtained  by /educing  o- nitrobenzaldehyde  and  an- 
Mrtfirf/ (see  this)  with  ferrous  sulphate  and  ammonia  (H.  17,  456^.  m-Amidobenzalde- 
hyde  is  formed  when  m- nitrobenzaldehyde  is  reduced  with  tin  and  glacial  acetic  acid. 

o-Amidobenzaldehyde    .   .   .    .  melts  at  39^;  its<7xim^at  l32°;itsar^/-^<mVa/fz/^at  70®. 
m-Amidol>enzaldehyde  is  yellow  and  amorphous;       **  88°;        *'  *'  — . 

p-Amidobenzaldehyde    .   .    .   .  melts  at  70° ;  **         124®;        **  **        '55°. 

^•Dimethyl-  and  ^DiethylamidobenzaldehydeSy  melting  at  73°  and  8l°,  are  obtained 
when  the  condensation-products  from  chloral  and  dialkyl  aniline — e.  g.^  p-dimethyl- 
amiilophenyl-trichloreihyl  alcohol,  (CH,),NC,H^CH(OH)Ca,— are  acted  upon  with 
alcoholic  potash  (B.  19, 365).  p-Dimethylamidobenzaldehyde  condenses  to  hexamethyl- 
leucaniline  (see  triphenylmethane  dyes)  with  dimethylaniline. 

The  Hetero-ring  Formations  of  o-Amidobenzaldehyde. — o-Amidobenzaldehyde  com- 
bines especially  readily  with  compounds  containing  a  CH,-CO  group,  in  the  presence 
of  dilute  caustic  soda.  The  products  resulting  at  first  are  of  an  aldol  nature,  for  they 
immediately  split  off  water  and  yield  quinoline  or  its  derivatives.  o-Amidobenzaldehyde 
combines  with  acetaldehyde  to  quinoline^  with  acetone  to  quinaldine^  with  malonic 
acid  to  fi'Carbosiyrii  carboxylic  acid  (Yi.  25,  1 75 2),  and  with  urea  to  quinatoion  (B.  28, 
1037 ).  Alcoholic  ammonia  transposes  the  acidyl  -o-amidobenzaldehydes  into  quinazolines 
or  t>enzDietadiazines  (B.  27,  280,  443)  : 
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(CHACO 


CH,(CO,H), 


CO(NH«>, 
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^  ^  „  fCH  =  CH 

•  Hn  =  in  Quinoline 

^    ^  fCH=:CH 

'^^Mn=<!:-ch,     ^^^^^^^'^^ 

.(,  ^  fCH  =  C  — COOH   ^.Carbostyril  Carboxy- 

•  *lN=C(OH)  lie  Acid 
^_  rCH  =  N 

•^•MnH-(!:0  Q^inazolon 


NH.CO.CH, 


•  Hn  =  c.ch, 


Phen-/7-  methylmetadia- 
zine,  a-Methylquinaz- 
oline. 
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Bentaldehyde-mSmlphonU  Acid,  SOgH .  C^H^ .  CHO,  white,  deliquescent  aysUb 
(B.  24,  791). 

3.  AROMATIC  MONO.KBTONB8. 

The  oxidation  products  of  the  secondary  phenyl-parafiin  alcohols  are 
mixed  ketones,  in  which  an  aromatic  and  an  aliphatic  hydrocarbon 
residue  are  joined  by  the  CO-group.  The  ketones  containing  two  ben- 
zene residues  linked  by  carbonyl,  such  as  benzophenone  or  diphenyl- 
ketone,  will  be  discussed  later  in  connection  with  the  corresponding 
hydrocarbons,  like  diphenylmethane. 

Formation, — Mixed  aromatic-aliphatic  ketones  are  usually  produced 
by  reactions  similar  to  those  employed  with  the  aliphatic  ketones 
(I,  209): 

(i)  By  the  oxidation  of  secondary  alcohols,  like  phenylmethyl  car- 
binol. 

(2)  When  sulphuric  acid  acts  upon  phenyl  acetylene : 

C,HjC  :  CH >C,HjCOCH,. 

Nucieus-synfhesis  :  (3)  By  the  distillation  of  a  mixture  of  calcium  salts  of  an  aromatic 
and  a  fatty  acid.  (4)  By  the  action  of  zinc  alkyls  on  acid  chlorides  (A.  118,  20).  (5) 
From  l)enzenes  by  action  of  fatty  acid  chlorides  and  aluminium  chloride,  carbon  disol- 
phide  being  used  as  a  diluent. 

(6)  By  decomposing  /9-ketone  carboxylic  acids — e.  g,,  mono-  and 
dialkyl  benzoylacetic  acids  (B.  16,  2 131) — with  alcoholic  potash. 

(7)  Acidylated  benzenes  finally  result  as  a  consequence  of  intramolec- 
ular rearrangement  upon  heating  the  alkyl  ethers  of  phenylolefine  alcohols, 
which  are  prepared  by  the  distillation  of  ortho-ethers  of  acetophenone. 
In  this  way  the  acidyl  benzenes  can  be  built  up  from  acetophenone 
(Claisen,  B.  29,  2931) : 

Q^WfO  .  CH,->-  C^HsCCOCH,), .  CH,->-  C.HgC(OCH,) :  CH,->-  C^HjCOCH, .  CH,. 

Properties  and  Deportment. — The  mixed  aromatic-aliphatic  ketones  are 
colorless  liquids,  insoluble  in  water,  and  possess  an  odor  which  is  not 
disagreeable. 

(i)  Nascent  hydrogen  converts  them  into  secondary  alcohols. 

(2)  Chromic  acid  transforms  the  ketones  C^H^ .  COR  into  benzoic  acid  and  the  alky], 
which  is  further  oxidized. 

(3)  Potassium  permanganate  converts  them  into  a-ketonic  acids  (B.  23,  R.  640;  24, 
3543;  26,  R.  191). 

(4)  Acids  and  acid  amides,  strangely  enough,  are  formed  when  phenylmethyl  ketones 
are  heated  wiih^ellow  ammonium  sulphide  : 

CjIIj .  CO .  CH,  yields  C^H^ .  CH, .  CO,H  and  C,Hj  .  CH,  .  CO  .  NH,. 

(5)  On  heating  benzene  ketones  with  sulphuric  acid  the  acetyl-group  splits  off  and 
benzene  sulphonic  acids  result  (B.  19,  2623). 

(6)  Those  ketones  in  which  the  CO-group  is  attached  to  the  benzene  nucleus  do  nag. 
unite  with  alkaline  bisulphites. 

(7)  The  phenyl -alkyl  ketones  apparently  form  but  <?m^  acetoxime  with  hydroxylamine ; 
the  opposite  is  true  of  benzaldehyde. 

(8)  They  form  hydrazones  with  phenylhydrazine. 
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Acetophenone,  Phenylmethyl  Ketone,  Acetyl  Benzene,  CHj .  CO  .  - 
CH,,  melting  at  20**  and  boiling  at  202**,  crystallizes  in  large  plates.  It 
is  applied  as  a  hypnotic  under  the  name  of  hypnone.  It  is  formed  (i) 
from  phenylmethyl  carbinol ;  (2)  from  phenylacetylene ;  (3)  by  distilling 
benzoate  of  calcium  with  calcium  acetate ;  (4)  by  the  action  of  zinc  methyl 
upon  benzoyl  chloride ;  (5)  from  benzene,  acetyl  chloride,  and  AlCl,;  (6) 
from  benzoyl  acetoacetic  ester,  C.HjCO .  CHCCOCH,) .  COOQHj,  and 
benzoyl  acetic  ester.  The  methods  3  and  5  are  employed  in  its  preparation. 
Nascent  hydrogen  converts  it  into  phenylmethyl  carbinol.  Chromic 
acid  oxidizes  it  to  benzoic  acid,  and  potassium  permanganate  to  phenyl- 
glyoxylic  acid. 

Acetophenone,  like  tcetone,  has  been  introduced  into  numerous  nucleus-synthetic  reac- 
tions. Some  of  the  simplest  of  these  will  be  given.  It  may  be  condensed  to  dypnone 
(see  this)  and  to  [l^'^^^'triphenylbentene,  two  bodies  bearing  the  same  relation  to 
acetophenone  that  mesial  oxide  and  mesitylene  sustain  to  acetone. 

Acetophenone  also  condenses  in  the  most  varied  proportions  with  benzaldehyde,  form- 
ing bcnzalacetophenone,  benzaldiacetophenone,  and  dibenzal-triacetophenone  (B.  29, 
14S8).  It  yields  the  nitrile  of  a-phenyllactic  acid  with  hydrocyanic  acid.  At  higher 
temperatures  chlorine  enters  the  methyl  group;  PCI5  substitutes  the  ketone-oxygen- 
producing  acetophenone  chiortde(\.  217,  105).  Amyl nitrite  and  sodium  ethylate  convert 
acetophenone  into  isonitrosoacetophenone,  which  will  be  described  undei-  Phenylglyoxal. 

Oriko-etkers  of  Acetophenone^  like  Acetophenone  Ortho-ethyl  Ether,  C^H.C- 
(fXTjUj^jCH,,  boiling  at  107°  (17  mm.),  are  prepared  from  acetophenone  and  ortho- 
fiirmic  ethers  (i,  233)  (B.  29,2932).  When  heated  under  ordinary  pressure  they  lose 
alcohol  and  pass  into  alkyl  ethers  of  phenylolefine  alcohols.  They  yield  anils  with  ani- 
line :  Aietophenone-anilf  C^HjC :  (NCgH5)CH„  melts  at  41®  and  boils  at  310°. 

Acetophenone  Oxime,  QH5 .  C :  (N  .  OH) .  CH,,  melts  at  59°.  It 
is  only  known  in  one  modification  (B.  24,  3482).  By  the  action  of 
concentrated  sulphuric  acid,  or  of  HCl  in  glacial  acetic  acid,  it  is  con- 
verted into  acetanilide,  CeHj .  NH  .  CO  .  CH,  (p.  82).  This  remarkable 
intramolecular  atomic  rearrangement  was  discovered  by  Beckmann  (Beck- 
man  n's  Transposition,  B.  20,  2580;  23,  2746). 

Other  ketoximes  behave  in  an  analogous  manner.  The  reaction  has  been 
applied  in  determining  the  point  of  double  union  in  the  higher  olefine 
monocarboxylic  acids  (i>  284),  and  for  the  decomposition  or  rupture  of 
ring  ketones. 

Acetophenone  Phenylhydr atone  melts  at  105°. 

Acetophenone  Homologues. — These  are  numerous  and  can  be  ar- 
ranged in  two  groups :  A.  Ketones  whose  CO-group  is  attached  to  the 
l)enzene  ring  :  acidylated  benzenes,  B.  Ketones  whose  CO-group  is  not 
in  immediate  union  with  the  benzene  ring  :  phenylated  fatty  ketones, 

A.  A cUylated benzenes  have  been  made  especially  by  the  general  methods  3,  5»  6»  ^^^ 
7  (p.  188).  At  first  som^  of  the  ketones  were  considered  as  benzoyl-paroffins  and  cyclo- 
paraffins,  and  others  as  homobenzoylated paraffins: 

Propiiphenont,  Propionyl  Benzene,  boils  at  210®  ;  its  oxime  mells  at  53®  and  boils 
at  i65<>  (38  nun.)  (B.  26,  1427). 

Butyrophenone,  Benzoyl  Propane, boils  at  222°. 

Butyl  Phenyt  Ketone.'^mxsiKV^MMbSA, **      2370. 

hohutylphtnyl  Ketone, "      230®. 

hoamylphenyl  Ketone, "      240«. 

Diethyl  Acetophenone,  QMJZO,C^{(ZJA^^,     ...       **      230*. 

Hexyl  Phenyl  Ketone, melts  at  17*  and        *'      155**   05  «» 
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Laurobentene,  C^HjCO.  Cj.Hn,  melts  at  47"  (B.  a8,  R.  648). 

PalmUyl  Benzene,  C.Hj .  CO .  Cj^H^,  melts  at  59**  and  boik  at  asi^  (15  mm.). 

CH, 
Benzoyl  Trimeihyleniy  C^HjCO .  CH<  I     ,  formed  on  beating  trimethylene  benioTl 

acetic  acid  to  200^  boils  at  239®.     Its  oxime  melts  at  88<^. 

PIT 
Benzoyl  Tetramethylene,  C;HjCOCH<^JJ«>CH„  from  the  chloride  of  tetnunethy- 

lene  carboxylic  acid,  boils  at  258®  (B.  25,  R.  372). 

NHcleus-acidylated  A  Iky  I  Benzenes,  komobensoylaied  Paraffins. — p- Acetyl  toluene  b 
produced  when  concentrated  nitric  acid  acts  npon  cymene  (p.  56),  and  acetyI-34-(o)- 
xylene  is  formed  from  camphor  by  the  action  of  concentrateid  suli:^uric  add  {J^.  26,  R. 

415)- 

^-Acetyl  Toluene,  CH,CO[4]  .  C,H4[i]  .  CH,,  boils  at  224« 

\Acetyl'ZA-[9yxyUne, "  246**. 

lAcetyl-z^^m^-xylene, •*  247*. 

Acetyl-'^xylene, **  224**. 

Acetylmesitylene, "  235®  (B.  24, 3542). 

l-Acetyl^^^S^t-durene,  ,   .    .  melts  at  73®  and  "  260**  (B.  29, 847). 

B.  Phenylated  Patty  Ketones  have  been  prepared  by  methods  3, 4,  and  6  (p.  188): 

Phenyl  Acetone,  Benzyl  Methyl  Ketone,C,H. .  CH,.  CO .  CH,,  boils  at  2I5«. 
Benzyl  Ethyl  Ketone,  C,Hj  .  CH, .  CO  .  CH,  .  CH,,  ....  "  2260. 
Benzyl  Acetone,  ZJAf\\^.Z^^.QO,Q^^, "      235 «  (B.  14,889). 

Substituted  Acetophenones  :  Haloid  acetophenones,  Acetophenones  containiog 
halogens  in  the  methyl  group  will  be  discussed  after  the  corresponding  oxygen  deriva- 
tives :  benzoyl  mrbinol  (see  this),  phenyl glyoxal  (see  this),  and  phenylglyoxylic  acid  (see 
this).  p-Haloid  acetophenones,  like  CI .  C.H4  .  CO .  CH,,  have  been  obtained  from 
haloid  benzenes,  acetyl  chloride,  and  aluminium  chloride  (compare  haloid  thiopbeoe 
ketones)  (B.  24,  997,  3766) : 

\i-Chlo} acctophenone.  Acetyl -p-chlorbenzene,  melts  at  20^  and  boils  at  230° 

(B.  18.  R.  502). 
-^-Brotnacetophenone,  Acetyl -p-brombenzene,  melts  at  5 1**. 
^-lodacetophenone^  Acetyl- p-iodbenzene,  melts  at  83®. 

Nitro-acetiphenones, — The  meta-body  is  the  chief  product  (just  as  in  the  case  of 
bcnzaldeliydc)  when  acetophenone  is  dissolved  in  fuming  nitric  acid  ;  at  30-40°  o-nitro- 
acetophenone  predominates  (B.  18,  2238).  The  three  isomerides  can  be  prepared  from 
the  three  nitrobenzoyl-acetoacetic  esters  (see  these)  (A.  221,  323). 

p-Nitroacetophenone  is  formed  when  concentrated  sulphuric  acid  acts  upon  p-nitro- 
phcnylpropiolic  acid  (see  this),  through  the  rearrangement  of  the  nitrophenylacetyiene, 
fonned  at  first,  by  water  (A.  212,  160)  (see  method  of  formation  2,  p.  1S8). 

o-Nitro-acetophenone  is  an  oil  of  peculiar  odor. 

m-Nitro-acetophenone  melts  at  93^,  and  its  oxime  at  131°  (B.  15,  3063). 

p-Nitro-acetophenone  melts  at  80°. 

Amido-acetophenones,  QJt\J(^\i^.  CO.  CH,. 

0-,  m-,  and  p- Am ido- acetophenone  are  obtained  :  By  reducing  o-nitroacetophenone 
(A.  221,  326);  from  o-amido-phenyl  acetylene,  C,H4(NH,)C  •  CH,  by  the  action  of 
sulphuric  acid  (B.  17,  964) ;  by  boiling  o-amidophenyl-propiolic  acid  with  water  (B.  15, 
2153);  ^i^d  ^  slight  quantity  on  heating  aniline  with  acetic  anhydride  (B.  18,2688). 
o-Amidoacetophenone  is  a  thick,  yellow  oil,  which  boils  at  242-252°,  and  possesses  a 
characteristic  sweetish  odor.  m-Amido-acetophenone  melts  at  93°.  p-Amido- 
acetophenone  melts  at  106°;  its  ^xiw<f  melts  at  147°  (B.  20,  512).  A  pine  splinter 
dipped  into  the  aqueous  solution  of  o-amidoacetophenonehydrochloride  is  colored  an 
intense  orange-red. 

Hetero-ring  Formations  of  the  Aromatic  o-Amido-Ketones. 
.  r^imelhyl  quinoline  is  produced  (B.  19,  1037)  when  o-amidoacetophenone  is  digested 
With  acetone  and  sodium  hydroxide.     Oily  nitro-compounds  are  formed  in  the  nitration 


,-—CHCH, 

^  tnethylindol 
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of  pbcnylacetone  (p.  190)  and  benzylacetone.  They  yield,  by  redaction,  /?-methyldi- 
bydro-ketol  and  tetrahydroqninaldine  (B.  14,  889),  as  the  o-amido-bodies  (probably  the 
o-amido-alcohols)  produced  at  first  sustain  an  intramolecular  anhydride  formation  : 

([l]CO.CH,       CH,  N.OH  fc(CH.)=CH      dj^^^  ,. 

^    H[2]NH,  CO.CH,  ^"nN=^C.CH,  O"'"'"" 

^/  ([l]CH,.CO.CH,\  ^  fCH,. 

.    /  (ri]CH,.CH,.CO.CH,\     ^  fCH.—CH,  x.tr«i,^,lr«- 

Acetophenone  Sulphonic  Acid,  SO,H.  C^H^.  CO.  CH,  (B.  19,  2626). 
4.  AROMATIC  MONOCARBOXYLIC  ACIDS. 

The  aromatic  carboxylic  acids  result  upon  replacing  the  hydrogen 
in  benzene  or  its  homologues  by  the  carboxyl  group.  This  group  in 
these  new  derivatives  is  directly  linked,  as  in  the  benzene  carboxylic 
acids,  to  the  benzene  ring  or  it  replaces  the  hydrogen  of  a  side-chain  : 

C.Hj.CO,H  C,H,(CO,H),  C.H,(CO,H),  .   .   .  C,(CO,H), 

Benjoic  Acid  Pbtbalic  Acids  Benzene  Tricarboxylic       Mellitic  Acid. 

Acids 

CH,.  C,H^CO,H  (CH,),CjH,CO,H  CeHjCHjCOJI        C,H.CH,CH,CO,H 

Tolaic  Acids  Xyllc  Adds.  Plienvlacetic  Acid  Hydrocinnamic  Acid 

orToluic  Acid  /i-Pbenylpropionic  Acid. 

Only  the  mono-carboxylic  acids  will  be  now  discussed,  after  the  mono- 
hydric  aromatic  alcohols. 

General  Methods  of  Formation, — (i)  While  the  aliphatic  monocar- 
boxylic  acids  or  the  paraffin  carboxylic  acids  could  not  be  obtained  by 
the  oxidation  of  the  paraffins,  the  aromatic  acids  can  be  readily  obtained 
from  the  benzene  homologues  by  oxidizing  the  side-chains  to  carboxyl 
groups.  The  importance  of  this  reaction  in  establishing  constitution  has 
been  previously  alluded  to  (p.  52).  The  most  suitable  oxidants  are 
chromic  acid,  dilute  nitric  acid,  potassium  permanganate,  and  potassium 
ferricyanide. 

(a)  Oxidation  with  Chromic  Add, — Only  the  para-  and  meta-derivatives  (the  former 
more  readily  than  the  latter^  of  benzenes,  carrying  two  side-chains,  are  oxidized  to  acids  by 
chromic  acid,  while  the  ortho-  are  either  not  attacked  at  all  or  are  completely  destroyed. 

In  snbstitnted  alkyl  benzenes  the  alkyl -group  is  prevented  from  being  oxidized  by 
chromic  acid,  if  a  negative  group  occup3ring  the  o-position  with  reference  to  the  alkyl - 
group  is  present  (B.  15,  1021).  The  oxidations  are  conducted  either  with  free  chromic 
acid  in  glacial  acetic  acid,  or  with  a  mixture  of  potassium  bichromate  (3  parts)  and  sul- 
phuric add  (3  parts),  diluted  with  2-3  volumes  of  water. 

(h)  Oxidation  with  Nitric  Acid, — When  oxidizing  with  nitric  acid  use  acid  diluted 
with  3  parts  of  water  and  boil  for  some  time,  hi  connection  with  a  return  condenser  (2-3 
days).  Kooowaloff  (p.  178)  contends  that  phenylnitroparaffins  are  6rst  produced  ;  these 
then  are  farther  oxidized  to  carboxylic  acids.  To  remove  the  nitro-acids  which  are 
invarJablT  formed,  the  crude  product  is  digested  with  tin  and  concentrated  hydrochloric 
acid;  this  cooTerts  the  nitro-  mto  amido-acids,  which  dissolve  in  hydrochloric  acid. 

In  the  deriTatiTes  with  two  different  alkyls  the  higher  alkyl  is  usually  attacked  first, 
by  nitric  add  or  chromic  add ;  sometimes  ketones  are  present  in  the  intermedi^"'^  "^^ 

(see  Cymene,  p.  56). 

(r)  PoCaastiim  pennaoganate  often  effects  the  oxidation  at  ordinary 
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Ortho  diderivatiTes  may  also  be  sabjected  to  oxidaUoa,  without  haTisg  the  conq>lete  d^ 
struction  of  the  benzene  nacleos  follow  as  a  consequence. 

(</)  Potassium  ferricyanide  oxidizes  methyl  to  carbozylt  if  the  nltiQ-groop  oocnpies  the 
ortho-position  relatively  to  the  methyl-group.  This  does  not  occur  if  the  mtro-graop 
holds  the  meta-position  (B.  aa,  R.  501). 

(2)  Oxidation  of  the  corresponding  aromatic  alcohols  and  aldehydes. 

(3)  By  the  addition  of  hydrogen  to  the  unsaturated  monbcarboxylic 
acids.     Cinnamic  acid  becomes  hydrocinnamic  acid. 

(4)  By  the  reduction  of  phenylated  oxyfatty  acids,  haloid  aromatic 
acids,  and  ketone  carboxylic  acids. 

—^ y  q,Hj .  COOH 


1.  C,H4.CH,— 

2.  CjHj.CH.OH 

3.  CjH4.CH  =  CH.COOH 

4.  CeH6.CH(OH).COOH 

CeHft.CO.COjH  

CeHj.CHCl.COOH  — 


iH 


aHI 


4HI 


2H 


■>C.H,.COOH 

->  C.Hj .  CH, .  CH, .  COOH 

.->C.Hg.CH,.COOH 

->.C,Hj.CH,.COOH 

->C,Hj.CH,.COOH. 


Nucleus-synthetic  Reactions  : 

(5)  Action  of  sodium  and  CO,  upon  monobrombenzenes  (Kekul^). 

(6)  A  similar  reaction  is  that  of  sodium  and  esters  of  chlorcarbonic 
acid  upon  phenols  and  bromhydrocarbons  (WUrtz). 

(7)  Fusion  of  salts  of  the  sulphonic  acids  with  sodium  formate. 

(8)  The  action  of  phosgene  gas  upon  benzenes  in  the  presence  of 
aluminium  chloride ;  at  first  acid  chlorides  are  produced. 

( 9)  Urea  chlorides,  in  the  i)resence  of  AlCl,,  act  in  an  analogous  manner 
upon  the  benzenes.  Acid  amides  are  the  first  products.  The  urea  chlorides 
can  be  replaced  by  cyanuric  acid,  by  nascent  cyanic  acid,  and  by  carbanile. 

(10)  Hy  the  synthesis  of  the  acid  nitriles — 

(<7)  upon  fusing  the  sulphonates  with- potassium  cyanide; 

(Jt)  by  action  of  potassium  cyanide  uix)n  the  phenylalkyl  chlorides; 

\c)  when  the  bromnitrobenzenes  are  heated  with  potassium  cyanide; 

(//)  when  diazo  salts  are  treated  with  potassium  cyanide  and  copper 
sulphate; 

(^)  by  heating  the  isonitriles  alone. 

The  nitriles  are  changed  to  carboxylic  acids  when  they  are  heated  with 
mineral  acids  or  alkalies. 

Nucleus  Syntheses  : 

CJljRr  4-  CO,  +  2Na yC^HjCOONa  +  NaBr 

C^HjlJr   f-  ClCOjCjlIg  +  2Na 5^ C^HjCOOCjIij  +  NaQ  +  NaBr 

^^•^sSOsNa  -f  HCOONa -^C^HjCOONa  +  HSO,Na 


5- 
6. 

7. 
8. 

b. 


AloCU 


-h  Cl.CONH, ^AI,CU_ 


Cgllg  4-  CONH 


c.  CoM«  +  CO.NC,H4 
loa.  C^H^SOaK    +  CNK 

b.  CfiUjCITja  -}-  CNK 

c,  C^H^HrNO,  4-  CNK 

d.  CellgNjCl     -f  CNK 

e,  C^Hj.NC  


-^CeHj.COa  -f  HQ 

-^CgHjCONH, +  na 

-^C^HjCONH, 

->C.Il5C0NHC.Hj 

-^CjHjCN-fSOjK, 

->CjH5.CH,CN-|-Ka 

-^C,H,(NO,)CN+  KBr 

-^C.HjCN-f-Nj-l-Ka 

-^C^H^CN, 
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(il)  AdioD  of  benzyl  chloride  upon  sodium  acetoacetic  ester,  and  the  decomposition 
A  the  ketonic  esters ~r.^.,  btnzyl  acetoacetic  ester — by  alkalies. 

(12)  The  decomposition  of  phenyl  substitution  products  of  the  malonic  acid  series — 
r.  ^. ,  benzylmalonic  acid — by  heat. 

(13)  Action  of  metallic  sodium  upon  the  acetates,  propionates,  etc. ,  of  the  phenyl 
carbinols :  benzyl  acetate  yields  phenylpropionic  benzyl  ester  and  phenylacrylic  acid, 
while  benzyl  phenyl -butyric  ester  and  phenylcrotonic  acid  are  obtained  from  benzylpro- 
pionate  (A.  193,  321 ;  204,  200)  : 

COOCH, .  C-Hj  ^  COOCH, .  C-H.  CO.Na 

^CH,  ^  CH,.CH,.C,Il5  CH,  ^     ' 

21  »    ^    »   ,    2Na  =  21  4-  2CH.CH.  4-  H,. 

CH,  .CH,.C,H5  CH  =  CH.C,H5  *    *      » T     i 

Occurrenccy  Properties ^  and  Deportment, — The  aromatic  acids  occur 
naturally,  partly  in  a  free  state,  partly  in  many  resins  and  balsams,  and  in 
the  animal  organism  (see  benzoic  acid).  They  arise  also  in  the  decay  of 
albuminoid  bodies  (see  hydrocinnamic  acid)  (B.  16,  2313). 

The  aromatic  acids  are  crystalline  solids,  which  generally  sublime  un- 
decomposed.  Most  of  them  dissolve  with  difficulty  in  water,  hence  are 
precipitated  from  their  salt  solutions  by  mineral  acids.  Sodium  amalgam 
or  zinc-dust  will  reduce  some  to  aldehydes,  and  heating  with  concen- 
trated hydriodic  acid  or  phosphonium  iodide  converts  them  into  hydro- 
carbons. When  heated  with  lime  or  soda-lime,  their  carboxyl-groups  are 
eliminated  and  hydrocarbons  result  (compare  methane,  i,  80). 

From  the  polycarboxylic  acids  we  obtain,  as  intermediate  products, 
acids  having  fewer  carboxyl  groups — e.  g,y  phthalic  acid  first  yields  ben- 
zoic acid  and  then  benzene. 

The  hydrogen  of  the  benzene  nucleus  in  the  acids  can  sustain  substi- 
tutions similar  to  those  observed  with  the  hydrocarbons  and  phenols  by 
the  halogens,  and  the  groups  NO,,  SO3H,  NH„  OH,  etc.  In  other 
respects  they  are  very  similar  to  the  fatty  acids,  and  afford  corresponding 
derivatives  by  the  alterations  of  the  carboxyl  group. 

Benzoic  Acid,  Phenyl  Formic  Acid,  QH5.  COOH,  melting  at  120** 
and  l>oiling  at  250*^,  occurs  free  in  some  resins,  especially  in  gum  ben- 
zoin (from  Styrax  benzoin),  in  dragon's  blood  (from  Dcemonorops  Draco), 
also  in  Peru  and  tolu  balsams,  where  it  exists  in  the  form  of  its  benzyl 
ester.     It  is  found  as  hippuric  acid  in  the  urine  of  herbivorae. 

It  is  produced  by  the  general  methods  i  and  2  (pp.  191,  192)  from 
toluene,  benzyl  alcohol,  and  benzaldehydc  upon  oxidation,  as  well  as 
from  all  hydrocarbons,  alcohols,  aldehydes,  ketones,  and  carboxylic 
acids  and  their  derivatives,  which  are  obtainable  from  benzene  by  the 
replacement  of  one  hydrogen  atom  by  a  univalent  side-chain.  Benzoic 
acid  can  also  be  prepared  by  the  oxidation  of  pure  benzene ;  this  is  very 
probably  due  to  the  oxidation  of  diphenyl,  which  is  formed  at  first 
(A.  221,  234).  Toluene  can  also  be  changed  to  benzyl  chloride,  and 
this  then  be  oxidized  (see  preparation)  to  benzoic  acid,  or  benzotri- 
chloride  may  be  heated  with  water,  concentrated  sulphuric  acid,  or  an- 
hydrous oxalic  acid,  and  the  product  will  be  benzoic  acid.  It  can  also 
be  obtained,  by  the  nucleus-synthetic  reactions  5  and  10,  froTCv  \>eTvxe.xv^^ 
n— 17 
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hromlienzene,  sodium  benzene  sulphonate,  and  from  aniline  through  diazo- 
iK^nzene  chloride  or  phenylcarbylamine  (p.  193).  Finally,  CO,  can  be 
added  to  benzene  by  means  of  aluminium  chloride,  and  benzoic  acid  will 
result. 

History, — Benxoic  acid  was  obtained  from  gam  benzoin  by  sublimation,  in  the  begin- 
ning; of  the  17th  centur>'.  In  1775  Scheele  showed  how  the  acid  coold  be  eztncted 
from  the  gum  with  lime-water,  and  then  be  precipitated  from  the  solution  of  its  calcimn 
salt.  In  1832  Liebig  and  Wdhler,  in  the  course  of  their  classic  research  iqxm  the 
radical  benzoyl,  determined  the  elementary  composition  of  the  acid  and  illustrated  its  con- 
nection with  benzaldehyde,  as  well  as  pointed  out  the  simplest  transformation  products 
nf  the  acid.  This  investigation  produced  such  a  profound  impression  upon  toe  great 
master,  Uerzelius,  that  he  proposed  as  a  substitute  for  the  name  benzoyl — the  name  of  the 
new  radical  containing  more  than  two  elements — that  olproiH  or  orihrin^  from  the  Greek 
wt)ids,  TT/Mj/,  the  beginning  of  day,  or  ip^poc,  morning  dawn,  because  a  new  day  wu 
now  breaking  for  organic  chemistry.  In  1834  Mitscherlich  distilled  benzoic  acid  with 
lime  and  got  benzene,  which  led  him  to  regard  the  acid  as  a  derivative  of  this  hydro- 
carl)on.  From  that  day,  and  especially  since  the  establishment  of  the  benzene  thcof^ 
by  Aug.  Kekul^,  benzoic  acid  has  been  serving  in  constantly  increasing  amount  as  the 
starting  nut  material  for  the  preparation  of  innumerable  products.  It  is  the  add  which 
has  l)eeii  most  exhaustively  investigated.  The  study  of  its  derivatives  has  been  gmtlr 
facilitated  by  the  fact  that  the  great  crystallizing  power  of  the  acid  has  been  transfiened 
to  most  of  its  com^x>unds  (I,  271). 

/W/'ttnttion. — Cium  benzoin  is  sublimed  or  the  resin  is  boiled  with  milk  of  lime,  and 
the  l>enzoic  acid  precipitated  with  hydrochloric  acid.  A  more  advantageous  method  is 
the  production  of  the  acid  from  hippuric  acid.  To  accomplish  this,  boil  the  latter  with 
concentrated  hydrochloric  acid.  It  is  also  produced  when  benzyl  chloride  is  boiled  with 
<1iliite  nitric  acid  (B.  zo,  1275).  Benzoic  acid  results  from  phthalic  acid  by  heatiog  its 
calcium  salt  to  350**  with  calcium  hydroxide. 

Properties  and  Deportment, — Benzoic  acid  crystallizes  from  hot  water, 
in  wiiich  it  is  very  soluble,  in  white,  shining  leaflets.  It  sublimes  readily, 
and  is  carried  over  with  steam.  It  dissolves  with  difficulty  in  cold  water 
(i  part  in  600  parts  at  o*^).  Its  vapors  possess  a  peculiar  odor,  which 
|)roduces  coughing  and  sneezing.  The  officinal  benzoic  acid  is  obtained 
in*  the  sublimation  of  Si  am  gmn  benzoin. 

The  acid  yields  benzene  and  carbon  dioxide  when  heated  with  lime. 
Benzoic  acid,  upon  reduction,  can  yield  /^/ra-and  hexa-hydrobenzoic  acidi 
(.see  these). 

Salts. — Tlie  henzoates  are  mostly  rjuite  readily  soluble  in  water.  Ferric  chloride  throws 
out  a  reddish  precipitate  of  ferric  benzoate  from  their  neutral  solutions. 

'VhQ  potasiium  salt^  2C, W^y^O^  -}-  H^O,  crystallizes  in  concentrically  grouped  needles. 
The  calcium  .uilt^  {VA\J^)^)^C9i  -\-  3H3O,  consists  of  shining  prisms  or  needles.  The 
silver  salty  QA\^\gi\^  crystallizes  from  hot  water  in  bright  leaflets. 

Homologues  of  Benzoic  Acid. — These  comi>ounds,  like  the  homo- 
logues  of  benzaldehyde  and  acetophenone,  can  be  arranged  into  two 
groups  :  aikyl  benzoic  iieids,  in  which  the  CO,H-group  is  attached  to  the 
benzene  nucleus,  as  in  benzoic  acid  itself,  2Xi^  phenyl  fatty  acids^  in  which 
the  carboxyl  group  occurs  in  an  aliphatic  side- chain  of  an  alkyl  benzene. 
The  first  group  or  class  is  naturally  more  nearly  related  to  benzoic  acid 
than  the  second  group. 

Alkyl  Benzoic  Acids^ —  Toluic  acids  or  monometkyl benzoic  acids ^  ClI,  .C^H^ .  00,11, 
are  isomeric  with  atoluic  acid  ox  phenylacetic  acU  (p.  I96).  They  are  produced  when 
the  three  xylenes  are  boiled  for  some  time  with  dilute  nitric  add,  and  from  brom-  and 
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iod-toluene,  by  the  nucleus-synthetic  methods  5  and  6,  as  well  as  from  the  three  tolu- 
idines  according  to  method  10. 

o-ToIuic  acid  can  also  be  obtained  by  the  reduction  of  phthalide  with  hydriodic  acid 
(B.  20,  R.  378),  as  well  as  by  rupturing  the  ring  of  i ,3-naphthalene  derivatives,  like 
1,3-dioxynaphthalene,  1,3-naphthalene  disulphonic  acid,  1,3-naphthol  sulphonic  acid 
upon  fusing  them  with  caustic  alkali  (B.  29,  1 611).  p-Toluic  acid  is  formed  on  boiling 
cymene  (p.  56)  with  dilute  nitric  acid.  , 

o-Toluic  acid  melts  at  102°. 

m-Toluicacid    "       "    1 10®  and  boils  at  263^. 

p-Toluicacid    *«       "    i8o»      "       «*     2750. 

Ethyl  Benzoic  Acids,  C,H^  .  C^H^  .  CO  .  OH.— The  three  isomerides  are  known. 
The  o-acid  results  in  the  reduction  of  o-acetophenone  carboxylic  acid,  of  methyl  phthalide 

fC=CHCO,H 
(B.  29,  2533),  and  of  phthalyl  acetic  acid,  C^H^  \     >0  ,  with  hydriodic  acid 

I  CO 
(B.  10,  2206),  and  in  that  of  the  chlorrinylbenzoic  acids  with  sodium  amalgam  (B.  ay, 
2761). 

0-,  m-,  and  p-£thyl  Benzoic  Acids  melt  at  68^,  47°,  and  112^  (B.  ai,  2830;  A.  216, 
218)  respectively. 

Dimethyl  Benzoic  Acids,  (CH,),CeHsCO,H. — Mesitylenic  acid  is 
the  most  important  member  of  this  group.  It  is  formed  when  mesitylene, 
symmetrical  or  [i,3,5]-trimethyl  benzene  (p.  55),  is  oxidized  with  dilute 
nitric  acid.  Isoxylene  or  m-xylene  is  obtained  when  this  acid  is  distilled 
with  lime.  These  reactions  are  the  basis  of  the  evidence  that  isoxylene 
(P*  54)  And  its  oxidation  products,  m-toluic  acid  and  isophthalic  acid, 
are  m-disubstitution  products  of  benzene  (p.  37).  Further  oxidation  of 
mesitylenic  acid  leads  to  uvi/tc  acid  and  trimesic  acid. 

i,2-Dimethyl-3-benzoic  Acid,  a-Hemellitic  Acid,  melts  at  144®  (B.  19,  2518). 

1,2- Dimethyl-4-benzoic  Acid,    p-Xylic  Acid,  .    .  '*  163°  (B.  17,  2374). 

l,3-Dimethyl-2-benzoic  Acid, "  98°  (B.  11,  21). 

l,3-Dimethyl-4-benzoic  Acid, **  126°  (B.  la,  1968). 

l,3-Dimethyl-5-benzoicAcid,  Mesitylenic  Acid,  **  166°  (A.  141,  144J. 

l,4-Dimethyl-2-benzoic  Acid,  Isoxylic  Acid,   .    .  **  132** ;  boils  at  268® 
(A.  244.  54). 

Propyl  Benzoic  Acids,  C,Ht  .  CaH^COaH— o-  and  p-n-Propyl  and 
p-isopropyl  benzoic  acids  are  known.  p-Isopropyl  benzoic  acid,  or  cumic 
acid,  the  oxidation  product  of  cuminic  alcohol  (p.  184)  (B.  11,  1790),  is 
deserving  of  the  most  note.  Cumic  aqid  is  further  produced  by  the 
oxidation  of  cymene  (p.  56)  in  the  animal  organism,  as  well  as  by  the 
rearrangement  of  nopic  acid  which  results  from  the  oxidation  of  turpen- 
tine oil  (B.  ag,  1927).  Chromic  acid  oxidizes  cumic  acid  to  terephthalic 
acid,  and  potassium  permanganate  converts  it  into  p-oxyisopropyl  ben- 
zoic acid  and  p-acetyl  benzoic  acid : 

o,n-Propylbenzoic  acid  melts  at  58°  (B.  zi,  1014). 
p,n-Propylbenzoic  add  melts  at  138°  (B.  21,  2231). 
o-Isopropylbenzoic  acid  melts  at  51^  (A.  248,  63). 

Cumic  Acid,  p-Isopropyl  Benzoic  Acid,  melts  at  117**  (A.  219, 
279;  B.  26,  860). 

Trimethyl  Benzoic  Acids. — Five  are  known.  Durylic  acid  is  obtained  from  durene, 
and  a-,  ^-,  and  y-isodorylic  acids  from  isodurene  (B.  27,  344^^,  ^xv^xi  oud-oXV^t^  Hi\>^ 
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dilute  nitric  acid.    ^Isodurylk  add  or  mesitylene  carbosylic  acid  can  alio  be  fonNd 
from  acetyl  mesitylene  (p.  190)  (B.  2$,  503) : 

i,2,3-Trimethyl-4-ben2oic  Acid,  Prehnitylic  Add,  melts  at  167^. 
i>2t3-Trimethyl-5-benzoic  Add,  a-Isodnrylic  Add,  '*  215^ 
i,2,4-Triniethyl-5-ben2oic  Add,  Durylic  Acid,  •  *'  150^. 
i,2,4.Trimethyl-6-benzoic  Acid,  y-Isoduiylic  Add,  •*  lay*. 
1,3,5-Mesitylene  Carboxylic  Addf^-Isoduylic  Add,        '*      152®. 

Tetramethyl  Benzoic  Acids. — Several  are  known:  1,2,3,4-Tetrir 
methyl -5 -benzoic  acid,  melting  at  165^,  is  the  oxidation  product  of  penta- 
methyl  benzene  (B.  ao,  3287);  1,2 t^^yTetrametkyl-b-benwic  Mcid, 
durene  carboxylic  acid  (B.  29,  2569);  2,^,$,6'Te/ramf/Ayi  Benunc 
Acid  iwaXx.^  at  127°  (B.  29,  R.  233). 

Pentamethyl  Benzoic  Acid,  (CH,)5.  Q.  CO,H,  melting  at  210®, 
is  made  according  to  method  8  (B.  aa,  1221). 

Phenyl  Fatty  Acids. — ^The  most  important  representatives  of  this 
group  are  phenylacetic  acid  or  a-toluic  acid,  /?-phenyIpropionic  acid  or 
hydrocinnamicacid,  and  a-phenylpropionicacid  or  hydratropicacid.  The 
synthesis  and  decomjyosition  of  the  phenyl  fatty  acids  can  be  realized  in 
the  same  manner  as  the  synthesis  and  decompositions  of  the  fatty  acids 
(I,  251).  The  general  methods  of  formation  2,  3,  4,  10^,  11,  12,  and  13 
(pp.  191,  192)  are  particularly  prominent  in  the  formation  of  the  phenyl 
fatty  acids. 

Phenyl-acetic  Acid,  Alphatoluic  Acid,  QH5.  CH,.  CO,H,  melts  at 
76°  and  boils  at  262°.  This  acid  is  formed  from  toluene  just  as  acetic 
acid  is  obtained  from  methane.  Toluene  is  converted  into  benzyl 
chloride,  and  this  into  benzyl  cyanide  (method  10^,  p.  192),  which  is  then 
digested  with  sulphuric  acid  (B.  ig,  1950;  20,  592): 

CH, -5-CH3CI ->  CHjCN >CHj.  CO,H. 

C\,l  \  .  CII, ^  C^HsCHjCl ^  C,Hj .  CHjCN ^  C.Hj .  CH, .  CO,H. 

It  ran  also  be  obtained  from  phenyl  chloracetic  acid,  CjHj .  CHCl .  CO,H 
(B.  14,  240),  from  phenyl  glycollic  acid  or  mandelic  acid,  QHjCH- 
(OH).C0,H,  and  phenylglyoxylic  acid,  CgHj .  CO  ,  CO,H,  by  reduc- 
tion. 

It  is  produced  when  phenylmalonic  add  is  heated  (see  method  12,  p.  193),  and  it 
appears  in  tlie  decay  of  albuminates  (B.  12,  649).  It  may  l)e  prepared,  furthermore, 
from  brombenzene,  chloracetic  ester,  and  copper  (I?,  a,  738),  and  by  heating  acetopheuone 
with  yellow  ammonium  sulphide  (H.  21,  5.M).  Chromic  acid  oxidizes  it  to  benzoic  acid. 
Chlorine,  in  the  heat,  converts  it  into  phenylchloracetic  acid,  while  in  the  cold  the 
halogens  rejtlace  the  aromatic  hydrogen. 

CI  I 

Tolyl-acetic  Acids,  Alpha-zylic  Acids,  C,H^<pj,»  pQ  ^j. — The  three  iso- 
meric acids  have  been  obtained  from  the  three  xylene  bromides.  The  ^rM^-acid  melts 
at  89°,  the  ffte/a  at  61°,  and  the  fara  at  91^  (B.  20,  205 1 ;  24,  3965). 

The  esters  of  two  acids,  isomeric  with  phenyl-  and  tolyl-acetic  acids,  result  from  the 
action  of  diazo-acetic  ester  (i,  365)  upon  benzene  and  toluene.  These  acids  have  been 
called  pseudophenyl-acetic  acid  (the  amide  melts  at  141^)  and  pseudotolyl- acetic  add. 
The  only  product  formed  in  any  appreciable  amount  by  the  oxidation  of  pseudophenyl- 
acetic  acid  is  tcrephthalic  acid.  The  constitution  of  this  body  has  neTer  been  explained. 
It  has  been  assumed  that  it  contains  the  residue  =:CH  .  COOH,  attached  to  two  carbon 
atoms  of  the  nucleus  (B.  29,  106,  632). 
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Hydrocinnamic  Acid,  /9-Phenylpropionic  Acid,  CeHj-CHj.- 
CHj.COjH,  melting  at  47°  and  boiling  at  280°,  is  isomeric  with 
a-phenylpropionic  acid,  the  three  alphaxy lie  acids,  the  three  ethylbenzoic 
acids,  and  the  six  dimethylbenzoic  acids.  It  is  obtained  :  by  the  action 
of  sodium  amalgam  upon  cinnamic  acid,  or  /9-phenylacrylic  acid,  or  hy- 
driodic  acid  (B.  13,  1680);  from  phenylethyl  cyanide  (A.  156,  249); 
from  benzyl  acetoacetic  ester  (B.  10,  758)  and  benzyl  malonic  ester 
(A.  2049  176);  also  from  benzyl  acetic  ester  with  sodium  (A.  193,  300) 
(see,  further,  methods  11,  12,  and  13);  and  in  the  decay  of  albuminoid 
substances  (B.  xa,  649).     Chromic  acid  oxidizes  it  to  benzoic  acid. 

Tbe  aliphatic  haloid  hydrocinnamic  acids,  readily  obtained  by  the  addition  of  haloid 
•cids  and  halogens  to  cinnamic  acid,  will  be  described  after  pbenyllactic  and  phenylgly- 


Hydratropic  Acid,  a-Phenyl-propionic  Acid,  CeH5CH(CHj) .  - 
COsH,  boiling  at  265^,  is  an  oil,  volatile  in  aqueous  vapor.  It  results 
from  the  reduction  of  atropLc  acid  or  a-phenylacrylic  acid,  CeH^- 
C^=CH,).  CO,H,  and  in  the  action  of  hydriodic  acid  upon  the  prussic 
acid  addition  product  of  acetophenone — the  nitrile  of  atrolactinic  acid 
(A.  250,  13s). 

Higher  komologues  of  these  acids  are  usually  made  according  to  the  following  reac- 
tions :  (I)  By  reduction  of  homologous  cinnamic  acids  (see  these^,  which  can  be  readily 
prepared  by  Perkins*  reaction  from  the  aromatic  aldehydes.  (2)  By  the  reduction  of 
boiDologous  mandelic  acids,  obtained  from  homologous  phenylglyoxylic  acids.  The  latter 
result  upon  oxidizing  homologous  acetyl  benzenes  with  potassium  permanganate.  (3) 
From  alkylized  benzyl  cyanides,  which  are  produced  by  the  action  of  alkylogens  upon 
sodium  benzyl  cyanide. 

yPhenyllmtyric  And,  C^Hj  .  CH,  .  CH, .  CH,  .  COOH,  melting  at  51.7°,  is  formed 
by  the  reduction  of  phenylbutyrolactone.  A- Phenyl  valeric  Acid,  CgH5( CH,)^COOH. 
melting  at  59®,  results  from  the  reduction  of  phenyl  coumalin  (see  this)  with  hydriodic 
acid  (B.  a9.  1675,  R.  14). 


DBRIVATIVBS  OP  THE  AROMATIC  IfONOCARBOXVLIC  ACIDS. 

The  derivatives  of  benzoic  acid  and  its  homologues  arrange  themselves 
into  two  groups.  The  first  group  con) prises  those  compounds  resulting 
from  the  alteration  of  the  carboxyl  group  (see  Acetic  Acid,  i,  222,  223), 
and  the  second  group  the  aromatic  su^titution  products  with  the  exception 
of  the  phenol  monocarboxylic  acids.  The  first  group  divides  itself  into 
A,  the  benzoyl  compounds;  B,  the  benzenyl  compounds  and  the  deriva- 
tives of  orthobenzoic  acid.  The  chemistry  of  no  single  carboxylic  acid 
has  been  so  richly  developed  as  that  of  benzoic  acid. 


A.  BENZOYL  COMPOUNDS. 

I.  Eaten  of  the  Monobasic  Aromatic  Acids  (i,  254).— The  benzoic  esters  of 
tbe  alcohols  and  pheools  can  be  prepared  like  the  acetic  esters.  Like  the  latter,  they  are 
frequently  eniployed  in  determininf;  the  numl^r  of  alcoholic  hydroxyl  groups  present  in  a 
comfiound.  They  are  made  (l)  by  the  action  of  hydrochloric  acid  upon  an  alcoholic 
solution  of  benzoic  acid ;  (2)  by  the  action  of  benzoyl  chloride  or  benzoic  anhydride  upon 
alcohols,  alcobolatet,  phenols,  and  phenolates ;  (3;  by  the  action  of  a\ky\o^eii%>r^\\  ^\&^ 
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usually  the  silver  salts.  In  carr3ring  out  the  second  reaction  it  is  advisable  to  grulnall/ 
add  sodium  hydroxide,  and  shake  the  alkaline,  aqueous  solution  of  the  alcohols  with 
benzoyl  chloride  until  there  is  a  permanent  alkaline  reaction  (Baumann,  B.  19, 3218]. 
In  thib  manner,  also,  the  benzoyl  ethers  of  the  polyalcohols,  the  polyoxyaldiefaydes,— ^./^., 
of  the  glucoses, — have  been  obtained,  and  nearly  all  have  been  completely  bensoyktod 
(B.  22,  K.  668). 

Methyl  Benzoic  Ester  boils  at  199**.  The  ethyl  ester  boils  at  213®  ;  the  n-propyl ester 
at  229°*;  the  n-butyl  ester  at  247®.  Glycol  Dihenzoate  melts  at  73®  (B.  23,2498). 
Glycerol  Tribenzoate  melts  at  76®  (B.  24,  779).  Erythrol  Tetrabenzoate  melts  at  187^ 
Alatinitol  Ilexabenzoate  melts  at  124®.     Glucose  Pentabemoate  melts  at  1 79°. 

Benzoyl  Gly collie  Acid,  C^Il^CO  .  OCH,  .  CO^H,  consbts  of  large  prisms.  It  resolti 
when  nitrous  acid  acts  upon  hippuric  acid.  Phenyl  Benzoic  Ester  melts  at  71°  and 
l>oils  at  314°  (A.  2ZO,  255  ;  B.  24,  3685).  The  benzyl  ester  melts  at  20°  and  boils  ai 
323°  (B.  20,  647).  It  occurs  in  Peru  balsam  (A.  152, 130).  See  pp.  147, 160,  and  163 
for  the  benzoyl  compounds  of  the  homologous  phenols. 

The  2,6-  and  2,4,6  substituted  benzoic  acids,  like  mesitylene  carboxylic  acid,  2,6- 
dibrom-,  and  2,4,6tribrom-,  2,4,6  trinitrobenzoic  acids,  etc.,  are  not  converted  into  esten 
when  treated  with  alcohol  and  hydrochloric  acid.  The  acids  not  esterified  in  this  waj 
are  quite  readily  changed  to  esters  by  the  interaction  of  alkylogens  and  the  silver  salts 
(B.  28,  1468;  29,  1399;  compare  29,  2301). 

2.  Aromatic  Acid  Haloids  or  Haloid  Anhydrides  of  the  Aromatic  Acids 
(1,  257). — The  methods  pursued  in  the  preparation  of  these  bodies  are  similar  to  those 
employed  for  the  corresponding  fatty  derivatives  (i,  257). 

Benzoyl  Chloride,  C^ IL  .  COCl,  melting  at  — i^  and  boiling  at  198^*,  is  isomeric 
with  the  chlorinated  benzaldehydes,  CI .  CgH^.CHO.  It  is  a  liquid  with  penetrating 
odor.  It  is  formed  from  benzoic  acid,  phosphorus  pentoxide,  and  hydrochloric  add 
( H.  2,  So)  ;  from  benzaldehyde  and  chlorine ;  from  sodium  benzoate  and  phosphorus 
oxychioride  ;  and  from  benzoic  acid  and  phosphorus  pentachloride.  The  action  of  phos- 
gene and  aluminium  chloride  upon  benzene  hydrocarbons,  and  of  anhydrous  oxalic  add 
upon  benzotrichloridc  (A.  226,  20),  are  only  applicable  in  the  preparation  of  the  chlorides 
of  ben/ene  carl)oxylic  acids. 

The  history  of  benzoyl  chloride,  the  first  discovered  chloride  of  a  carboxylic  acid,  was 
given  in  connection  with  the  fatty  acid  chlorides  (I,  257).  Benzoyl  chloride  is  rowJily 
accessible  and  very  reactive ;  it  is  therefore  one  of  the  most  frequently  used  compounds 
in  various  reactions. 

o-  and  m-Toiuyl  Chlorides  boil  at  211°  and  2l8®  respectively.  Phenyl  Acetyl 
Chloride,  Cgll,,.  CHj.COCl,  boils  at  102°  (17  mm.)  (B.  20,  1389). 

Bfnzoyl  Bromide^  ^^Hj  .  COBr,  melting  about  o®  and  boiling  at  218**,  results  from  the 
action  of  pliosphorus  tribromide  upon  l>enzoic  acid  (B.  14,  2473).  Benzoyl  iodide,  con- 
sisting of  crystalline  leaflets,  is  produced  when  potassium  iodide  acts  upon  benzoyl  chlo- 
ride (H.  3,  266).     Benzoyl  fluoride,  from  benzoyl  chloride  and  AgF,  boils  at  145®. 

So  far  as  concerns  properties,  benzoyl  azimide  or  benzoyl  nitride,  to  be  treated  later  in 
connection  with  benzoyl  liydrazine,  attaches  itself  to  the  halogen  anhydrides  of  benzoic 
acid. 

3.  Acid  Anhydrides  (i,  2^9).— Benzoic  Anhydride,  (C-H5.CO),0,  melting  at  42" 
and  boiling  at  360**,  is  obtained  from  benzoyl  chloride  and  sodium  benzoate  or  silver 
l)enzoate ;  from  benzoyl  chloride  and  benzotrichloridc  upon  digesting  them  with  anhy- 
drous oxalic  acid  ;  from  Ixjnzoyl  chloride  by  means  of  lead  nitrate  (B.  17,  1282)  or 
sodium  nitrite  (B.  24,  R.  371),  and  by  the  action  of  concentrated  sulphuric  acid  upon 
benzotrichloride  (B.  12,  I495). 

Aceto- benzoic  Anhydride  breaks  down,  when  heated,  into  acetic  anhydride  and  ben- 
zoic anhydride  (B.  20,  3189). 

oToluic  Anhydride  melts  at  37°.  Phenyl  acetic  anhydride,  {Q^^.Q\\.CO\P^ 
melts  at  72°  (B.  '20, 1 391). 

4.  Acid  Peroxides  (i,  261).— Benzoyl  Peroxide,  (C-IIjCO),0,,  melts  at  103**  and 
deflagrates  when  heated.  It  is  formed  from  benzoyl  chloride  and  barium  peroxide,  or 
from  benzoyl  chloride,  hydrogen  peroxide,  and  sodium  hydrate  (B.  27,  1511 ;  -29,  1727)* 
as  well  as  from  benzaldehyde,  acetic  anhydride,  and  sand,  upon  exposure  to  the  air 
(B.  27,  i960). 
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S.  Thioacids  (l,  26i).~Thiobenzoic  Acid,  C^Hj .  CO .  SH,  melts  at  2\^,  and 
lesolts  wben  benzoyl  chloride  acts  upon  alcoholic  potassium  sulphide.  When  the 
dhcresl  lolotion  of  thiobenzoic  acid  is  exposed  to  the  air  (A.  1x5,  27)  the  acid  rapidly 
dmges  to  Benzoyl  disulpkide,  {C^lifi)t^y  melting  at  138^.  Benzoyl  sulphide^ 
(CHjO)^,  melts  at  48^,  and  is  obtained  when  benzoyl  chloride  acts  upon  thiobenzoic  acid 
(Z.f.Ch.  (1868),  357). 

TkumSeMMMc  Acul,  CfH^CSOH  (A.  140,  236). 

Dithiobenxoic  Acid,  C^H. .  CS .  SH,  a  heavy,  dark  violet-red  oil,  b  obtained  when 
C^H^.  CCl^is  boiled  with  alcoholic  potassium  sulphide  (A.  140,  240).  ' 

6.  Acid  Amides  (i,  262). —  The  methods  of  formation  and  the 
deportment  of  the  acid  amides  have  been  sufficiently  considered  in  con- 
nection with  the  fatty  acid  amides.  Attention  was  also  called  to  the  fact 
that  the  amides  of  the  carboxylic  acids  could  have  two  constitution  for- 
mulas.    Thus,  benzamide  has  two  formulas : 


ic;h.c<^"'   »d.n.cH.c<^« 


The  imido-ethers  are  derived  from  the  second  formula  (see  silver  benz- 
amide). In  addition  to  the  methods  mentioned  under  the  amides  of  the 
fatty  acids  must  be  added,  in  connection  with  the  amides  of  the  benzene 
carboxylic  acids,  their  formation  through  the  action  of  aluminium  chlo- 
ride upon  aromatic  hydrocarbons  and  urea  chlorides  (p.  192). 

Benxamide,  C^Hj  .  CO .  NH,,  melting  at  130°  and  boiling  at  288°,  results  (i)  when 
benzoyl  chloride  is  acted  upon  by  gaseous  or  aqueous  ammonia,  or  by  ammonium  carbonate 
(see  tribenzamide) ;  (2)  from  benzoic  ester  and  ammonia;  (3)  by  heating  benzoic  acid 
and  ammonium  thiocyanate  to  lyo*'  (A.  244,  $6).  It  crystallizes  in  pearly  leaflets,  melts 
at  iy>^,  and  boils  near  288^.    It  is  readily  soluole  in  hot  water,  alcohol,  and  ether. 

SaJtum  Benzamide,  CgH^CONHNa  or  C,H5C(:NH)ONa,  results  from  the  action  of 
metallic  sodium  upon  benzamide  dissolved  in  benzene  (B.  23,  3038). 

SUver  Benzamide,  C^Hj .  CX)  .  NH Ag  or  C.H. .  C(:NH)  .  O.  Ag.  obtained  by 
ptecipitiUing  the  aqueous  solution  of  benzamide  and  silver  nitrate  with  a  calculated 
amount  of  sodium  hydroxide,  is  a  white  crystalline  powder.  When  digested  with  ethyl 
iodide  it  yields  benzimido-ethyl  ether  (B.  23,  1550) ;  a  behavior  arguing  for  the  Il-for- 
mnU  for  the  silver  salt. 

Dibenxamide,  (CLHjC0)2NH,  melting  at  148°,  is  obtained  from  benzonitrile  with 
ooocentrated  sulphanc  acid,  or  from  benzoyl  chloride  and  benzonitrile  with  aluminium 
chloride.  When  distilled  under  a  pressure  of  15  mm.  dibenzamide  breaks  down  into 
benzonitrile  and  benzoic  acid  (B.  21,  2389).  Sodium  dibenzamide ^  (C,H5C0),NNa,  is 
a  shining,  white  powder.  It  is  formed  when  sodium  acts  upon  dibenzamide  dissolved  in 
xylene. 

Tribenzamide,  (C],HgCO),N,  melting  at  202^,  results  in  the  action  of  benzoyl  chlo- 
ride in  ethereal  solution  upon  sodium  dibenzamide,  and  together  with  benzamide  and 
dibenzamide  when  benzoyl  chloride  acts  upon  ammonium  carbonate  (B.  25,  3120). 

Benzoyl  Chhrimide,  C-HjCONHCl,  melts  at  113®.  Benzoyl  Br omimide,  CJI..- 
CONHBr,  melts  with  decomposition  at  lyo**.  Methyl  and  Dimethyl  Benzamide^ 
(;H.C0N(CH,)„  melt  at  78*  and  4i«. 

We  get  Benzanilide,  C^H^ .  CO .  NH .  C^H^,  Phenyl-benzamide,  on  mixing  aniline 
and  benzoyl  chloride.  It  can  also  be  made  by  the  action  of  aluminium  chloride  (p.  192) 
Upon  benzene  and  carbanile,  and  upon  heating  benzophenoxime,  (C,Hj),C :  N .  OH,  with 
coocentiated  sulphuric  acid,  acetyl  chloride,  or  glacial  acetic  acid  containing  hydrochloric 
acid,  to  100^,  or  with  glacial  acetic  acid  alone  to  180°  (B.  20,  2581). 

When  .benzanilide  is  boiled  with  sulphur  it  becomes  btnunylamidothiophenol  or 
/i-pbenylbenzothiazole  (p.  153).  o-,  m-,  and  ^Benzoyl  Toluides,  C^HjCONH  .  C^H^CH,, 
ttelt  at  I3I*>,  125®,  and  158®. 
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Dipkmylbematmuie,  CJilfiO .  N(C;H.)^  melting  at  177^.  rasulto  from  diphenyli 
and  benzoyl  chloHde,  as  well  as  from  oipbenylorea  chloride,  benzene  and  alom 
chloride  (B.  ao,  2119). 

Benwyl  Benzylamine,  C,HjCO .  NH  .  CH, .  CH.,  melts  at  I05<»  (B.  96*  2273). 

Methylene-dibensamide,  Af>/^n^i»,  CH.(NH .  CO .  C^H^).,  meltii^  at  22I^is 
obtained  in  the  oxidation  of  hippuric  acid  with  tliO,  and  dilate  sulphuric  or  dilute  niiric 
acid,  and  results  from  formaldehyde,  benzonitrile,  and  hydrochloric  acid  (B.  25,311). 

Ethidene  Dihentamide,  CH. .  CH(NHCOC,H.)„  melts  at  204<>  (B.  7,  159). 

Ethylene  DihenzamiJe,  Q^HpJ .  NH .  CH, .  CH, .  NH  .  CO .  C;Hg,  melting  at  249°. 
when  heated  alone  or  with  hydrochloric  acid  yields  ethylene  bencenylamidine,  beniok 
acid  splitting  off  at  the  same  time  (B.  2Z,  2334). 

Jlippunc  Aldehyde,  QH^ .  CO  .  NH .  CH, .  COH  (B.  27,  3093).  Its 
acetal  is  formed  from  amido-acetal  (i,  316). 

Hippuric  Acid,  Benzoyl  glycocoU,  ^^<^o{^  '  ^"»,  melting 
at  187^,  decomposes  at  240^  into  benzoic  acid,  benzonitrile,  and  pnissic 
acid.  It  occurs  in  considerable  amount  in  the  urine  of  herbivorous 
animals,  in  that  of  the  cow  and  horse  (?7nroc,  horse,  oupov,  urine),  and 
in  minute  quantities  in  that  of  man.  Benzoic  acid,  cinnamic  acid, 
toluene,  and  other  aromatic  substances,  when  taken  internally,  are  elimi- 
nated as  hippuric  acid.  It  can  be  obtained  artificially  (i)  by  heating 
l)enzamide  with  monochloracetic  acid ;  (2)  by  the  action  of  benzoyl  chlo- 
ride on  silver  glycocollide  (B.  15,  2740),  or  (3)  by  adding  sodium 
hydroxide  to  glycocoU  and  shaking  with  benzoyl  chloride  (B.  19,  R. 
307),  and  (4)  by  heating  benzoic  anhydride  with  glycocoU  (B.  17, 
1662). 

History. — Liebig.  in  1829,  recognized  that  hippuric  acid  was  a  different  body  from 
benzoic  acid,  and  to  indicate  its  origin  named  it  hippuric  acid.  In  1839  he  established 
its  constitution.  Dessaignes  (1846)  showed  how  upon  boiling  with  strong  alkalies  or 
acids  it  was  resolved  into  glycocoU  and  benzoic  acid  (J.  pr.  Ch.  [i]  37,  244).  In  1848 
Strecker  converted  the  acid  by  means  of  nitrous  acid  intol>enzoyl  glycollicacid  (A.  68,  54), 
and  in  1 85  3  Dessaignes  synthesized  hippuric  acid  from  benzoyl  chloride  and  zinc  glyco- 
collide (A.  87,  325). 

Hippuric  acid  crystallizes  in  rhombic  prisms,  and  dissolves  in  600 
parts  ci)ld,  and  readily  in  hot  water  and  alcohol.  Boiling  acids  or 
alkalies  decompose  hippuric  acid  into  benzoic  acid  and  glycocoU. 

Compare  hipparafUn  (above),  benzoylglycollic  acid  (p.  198),  for  other  transformations  of 
hippuric  acid.  Hippuric  acid  condenses  with  l)enzaldehydey  sodium  acetate  and  acetic 
anhydride  to  benzoylanii<locinnamic  lactimide  (A.  275,  3). 

Silver  salt,  CjH^AgNO,.     The  ethyl  ester  tsaWs  at  60O  (J.  pr.  Ch.  [2]  15,  247).     Il 

c^-c6. 

is  converted  by  PCI5  (2  mols.)  into  hippuroflavin,  CJIjCONf^    ^^      ^NCOC,H5(?), 

consisting  of  citron  yellow  crystals  (B.  2Z,  3321 ;  26,  2324).  Benzaldehyde  and  sodium 
acetate  change  it  to  bettzoyhimidocinnamic  ester  (A.  275,  12).  The  phenyl  estrr 
melts  at  104°.     When  boiled  with  POClj  it  passes  into  anhydrohippuric  phenyl  ester, 

/CH 
C,HjCO.  N\  I!,   ^^  ^^ .  melting  at  42^  (B.  26,  2641). 

y//>/>Mry-A;v/;v«m^*CeH5CO.NTl.CIT,.CO.NH.NII,,  melting  at  l62«>,  is 
formed  from  ethyl  hippuric  ester  and  hydrazine.  Compare  hippuryl-phenyl-buzylene 
(p.  131)  and  hippurazide  (p.  201)  (B.  29,  K.  181). 

7.  Acid  Hydrazides  (1, 228,405;  11,125).    Benzoyl  IlvdrazineSJi^l JZO  ,^\Vi!i\\^, 
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melting  at  1 12®,  is  obtained  from  benzoic  ester  and  hydrazine.  When  there  is  an  excess 
of  the  ester,  sym.  Dibenwyl  Hydrazine,  (C^HjCO  .  NH)„  is  formed.  This  mells  at  233° 
(B.  27,  R.  899)  (see  also  benzoylazide,  below).  Benzoyl  Phenylhydratine,  melting  at 
168^  (B.  19,  1203),  is  converted  by  mercuric  oxide  into  benzoyl  diazobenzene,  ^e^s' 
CON,C,H(.  Thb  yields  an  addition  product  with  hydrochloric  acid,  but  it  rearranges 
itself  to  Ki-chlorplunylbenioylhydra%ine  (B.30,  319)  : 

C^HjCONH  .  NCI .  C,Hj »-C,H5CONHNH[i]C,H,[2]Cl. 

Unsym.  Benzoyl-phenylhydrazine  melts  at  70®  (B.  26, 945,  R.  816).  Dibenzoyl-phenyl- 
hydrazine,  CJl\,  CO .  N(C^H5) .  NHCO.  C^Hj,  mells  at  177°. 

N 
8.  Acidylazides. — Benzoylazide,  benzoyl  nitride,  azimide,  C^H5C0N<  11  ,  melting 

at  20^,  is  formed  when  sodium  nitrite  and  acetic  acid  act  upon  benzoyl  hydrazine 
(^-  23f  3023).  Its  odor  is  intensely  like  that  of  benzoyl  chloride;  it  volatilizes  in 
part  with  aqueous  vapor  without  decomposition,  and  explodes  with  slight  detonation 
upon  the  application  of  heat.  It  b  insoluble  in  water,  very  soluble  in  ether,  and 
rather  readily  soluble  in  alcohol.  It  reacts  neutral.  It  breaks  down,  on  boiling  with 
alkalies,  into  benzoic  acid  and  potassium  azoimide  (B.  23,  3029).  Boiling  alcohol 
changes  it  to  phenylurethane,  C^H^NH  .  CO  .  OC^Mg,  and  nitrogen.  Carbanilide  and 
nitrogen  result  when  it  is  boiled  with  water.  Bromine  converts  it  into  nitrogen  and  a 
carbanile  bromaddition  product  (J.  pr.  Ch.  [2]  52,  215).  The  substituted  benzoylazides 
behave  similarly,  o-,  m-,  and  ^Nitrobenzazides  melt  at  36®,  68°,  and  69®.  The  azides 
can  also  be  obtained  by  the  action  of  salts  of  diazo-benzene  upon  the  acid  hydrazides. 
Acidylated  semicarbazides  are  produced  on  boiling  the  acid  azides  with  the  acid  hydra- 
zides (B.  29,  R.  981)  (p.  86)  : 

qiljCON,  +  qjHjCONHNH,  =  N,  +  C^H^NHCONH  .  NHCOCeH^. 

Hippurazide,  C^HjCO  .  NH  .  CH,  .  CO.  N„  melting  at  98®,  results  when  sodium 
nitrite  and  acetic  acid  act  upon  hippuryl  hydrazine.  It  is  decomposed  by  mineral  acids, 
alkalies,  ammonia,  and  amines,  with  the  elimination  of  kydrazoic  acid.  When  boiled 
with  alcohols  and  with  water  N,  is  evolved,  and  there  result  Hippenyl  urethane^  ^s^s" 
CONHCH,NHC00R,and  Dihippenylurea,  (C^H5CONHCH,NH),CO  (B.  29,  R.  183). 

9.  Nitriles  of  the  Aromatic   Monocarboxylic  Acids.  —  The 

aromatic  nitriles  are  connected  by  numerous  reactions  with  the  principal 
classes  of  the  aromatic  derivatives.  They  are  produced,  like  the  nitriles 
of  the  fatty  acids  (i,  266),  (i)  from  the  corresponding  ammonium 
salts ;  (2)  from  the  corresponding  acid  amides  by  the  withdrawal  of  water 
with  PjOj,  PCI5,  and  SOCl,  (B.  26,  R.  401);  (3)  by  the  action  of  bromine 
and  caustic  alkali  upon  the  primary  phenylalkylamines;  (4)  from  the 
aldoximes  by  the  action  of  acetyl  chloride  or  acetic  anhydride.  There  is 
also  (5)  the  method  of  distilling  aromatic  monocarboxylic  acids  with 
potassium  sulphocyanide,  or,  better,  with  lead  sulphocyanide  (B.  17, 
1766): 

2C,H5 .  CO,H  -f  (CNS),Pb  =  2C,HjCN  +  2CO,  -|-  PbS  -f  H,S. 

Nucleus-synthetic  Methods. — (6)  The  direct  replacement  of  the  halogens  in  the  ben- 
zene hydrocarbons  by  the  cyanogen  group  is  of  exceptional  occurrence— ^.^.,  when 
chlor-  and  brom-benzene  are  conducted  over  strongly  ignited  potassium  ferrocyanide,  or 
when  benzene  iodide  is  heated  to  300°  with  silver  cyanide,  the  product  being  cyan- 
benzene. 

However,  the  phenyl  carbinol  chlorides — e.  g.y  CeHjCH^Cl — are  as 
readily  transposed  as  the  alkylogens  into  nitriles  of  the  phenyl-fatty  acids 
by  means  of  potassium  cyanide. 
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The  nitriles  are  also  intimately  related  to  the  anilines,  sulphonic  acids, 
and  phenols.  Thus,  aniline  yields  (7)  phenylcarbylamine,  which,  upon 
the  application  of  heat,  is  rearranged  into  the  isomeric  nitrile.  They  are 
also  produced  (8)  on  heating  the  diphenyl  thiureas  with  zinc-dust;  (9) 
by  desulphurizing  the  phenyl  mustard  oils  with  copper ;  (10)  by  distilling 
the  formanil ides  with  concentrated  hydrochloric  acid  or  with  zinc-dust 
(H.  17,  73)  ;  (i  i)  by  decomix)sing  diazobenzene  chloride  with  potassium 
cyanide  and  copper  sulphate. 


(7) 5-(^H,NC. 


(8) >((^H,yiI),CS  ^-g^„^ 

C,H,NH,   (9)' 3^C.H,N:CS  =?^ 

(10) >-  CjIIjNH  .  CHO     """*Q 

(II)' >-  CjII^N :  NCI ^^ 


-C^Hj.CZN. 


See  p.  3S  for  the  theoretical  value  of  method  II. 

(12)  By  distilling  the  alkali  benzene  sulphonates  with  potassium  cya- 
nide or  yellow  prussiate  of  potash;  (13)  the  distillation  of  the  triphenyl 
j>hosphales  with  potassium  cyanide  or  ferrocyanide ;  (14)  alkyl  benzyl- 
cyanides  are  formed  by  the  interaction  of  sodium  benzyl  cyanide  and 
alkylogens,  CeH5.CHNa.CN  +  QHJ  =  CeH,CH(C,H5)CN  (p.  203); 
(15)  the  hydrogen  atoms  of  the  benzenes  are  directly  replaced  by  the 
cyanogen  group,  if  cyanogen  gas  be  conducted  into  the  boiling  hydro- 
carbon mixed  with  aluminium  chloride  (B.  29,  R.  185).  Certain  nitriles 
of  |)henyl-fiitty  acids  occur  in  the  different  cresses. 

Properties  and  Deportment. — The  benzonitriles  are  indifferent,  agree- 
ably smelling  liquids,  or  solids  with  low  melting  points.  Their  reactions 
are  very  numerous,  but  mention  may  be  made  that  boiling  alkalies  or 
acids  convert  them  into  the  corresi>onding  aromatic  acids,  while  nascent 
hydrogen,  best  from  alcohol  and  sodium,  changes  them  to  primary  amines. 
They  yield  amitfe  iodides  with  hydriodic  acid. 

They  combine  with  alcohols  and  HCl  to  form  imido-ethers,  with  ani- 
lines to  amidines,  and  with  hydroxylamine  to  amidoximes. 

Benzonitrile,  Cyanbenzene,  CeHj.  CN,  boiling  at  191®,  with  sp.  gr. 
1.023  (0°),  is  isomeric  with  phenyl  carbylamine  (p.  83),  and  is  best 
obtained  from  benzene  sulphonic  acid  by  method  12,  or  from  benzoic 
acid  by  method  5.  It  is  an  oil  with  an  odor  resembling  that  of  oil  of 
bitter  almonds. 

When  it  is  dissolved  in  fuming  sulphuric  acid  or  boiled  with  sodium, 
benzonitrile  polymerizes  to  cyanphenine  (see  this),  CjNj(CeH5),.  Upon 
nitration  the  product  is  almost  exclusively  ra-nitrobenzonilrile  (p.  69). 
For  other  transpositions  see  benzimido-ethers  and  thiobenzaraide. 

Alphylcyanidfs  :  o-,  m-,  and  p-  Tolunit riles ^  cyontoloenes,  CH, .  C^H^CN,  boil  at 
203**,  213^,  and,  218°.  The  p-body  meUs  at  29®.  ^-Xytonitrile  boils  at  231®  (B.  18, 
17 12).  i^y-Xvh- ^-nitrite  melts  at  24®  and  boils  at  222°  (B.  21,  3082).  CummitriU, 
(CH,),.  CH[4]C,H,[i]CN,  boils  at  244^ 
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NUriUs  tf  Phenyl-fatty  Acids  :  Benxyl  Cyanide,  PhenylaeeionitriU,  C^Hj  .  CH,CN, 
boiling  at  232^,  with  sp.  gr.  1. 014  (18®),  is  isomeric  with  the  three  tolunitriles.  It 
occurs  in  the  ethereal  oil  of  several  cresses  ( Tropaolum  majus  and  Lepidium  sativum 
(B.  7,  1293).  It  is  artificially  prepared  from  benzyl  chloride  with  potassium  cyanide. 
It  yields  toloic  acid  by  saponification;  by  reduction  /3-phenyletbylamine  (p.  179)  is  the 
product,  and  upon  nitration  it  is  chiefly  p-nitrobenzyl  cyanide  which  results. 

As  in  acetoacetic  ester  and  malonic  ester,  the  hydrogen  of  the  CH,  group,  combined 
with  the  negative  groups  C.H5  and  CN,  is  very  readily  replaced.  Thus,  sodium  ethylate 
produces  the  mono-sodium  derivative,  which  may  be  transposed  by  alkylogens  to  alky]  ben- 
zyl cyanides  (see  method  14,  p.  202)  (B.  21,  1291,  K.  197;  22,  1238;  23,  2070). 
Nitrous  acid,  acting  upon  a  sodium  ethylate  solution  of  benzyl  cyanide,  produces  isoni- 
trosobenzyl  cyanide  (see  phenylglyoxalic  acid).  Sodium  ethylate,  acting  upon  benzyl 
cyanide  and  b«nzaldehyde,  produces  a-phenyl-cinnamic  nitrile,  C^H^ .  C(CN) :  CH  .  C^Hg 
(B.  22,  R.  199). 

Methyl  Benzyl  Cyanides,  Tolylacetonitriles,  CH, .  C^H, .  CH, .  CN.  The  o-body 
boils  at  244^,  the  meta-body  at  241^,  while  the  p-compound  melts  at  18^  and  boils  at 
2430  (B.  x8,  1281 ;  21,  1331). 

j^-Phenylpropionitrile,  hydrocinnamic  nitrile,  C^HjCHjCHjCN,  boiling  at  261° 
(corr.),  occurs  in  the  ethereal  oil  of  spring-cress.  Nasturtium  officinale  (B.  7,  520 ;  B.  26, 

1971). 

aPhenylpropimitrile^  hydratropic  nitrile,  C,HjCII(CH,)CN,  boils  at  231®  (A.  250, 

123,  137). 

B.  BENZENYL  COMPOUNDS. 

In  addition  to  the  benzonitriles,  the  classes  of  bodies  from  10  to  26  (p.  209]  arrange 
themselves  with  the  benzenyl  derivatives. 

10.  Amid-haloids.  11.  Imide  Chlorides.  12.  Phenylhydrazide  Imide  Chlo- 
rides (I,  268]. 

Benzamide  Chloride,  C^H^CCI,  .  NH,  (?),  results  when  hydrochloric  acid  gas  is  con- 
ducted into  an  ethereal  solution  of  benzonitrile  (B.  10,  1891).  Benzamide  Bromide^ 
phenyldibromformamide,  C-H^CBr^NH,,  melts  at  70®  (A.  149,  307).  Benzamide 
Iodide^  phenyldi-iodformamide,  CqHjCIjNH,,  melts  with  decomposition  (B.  25,  2536) 
at  140^.  It  is  produced  when  benzonitrile  is  poured  into  concentrated  aqueous  hydriodic 
acid.     Ammonia  bases  reconvert  it  into  benzoic  acid. 

Dimethyl  Benzamide  Chloride,  C^Hj  .  CCl,  .  N(CH,)„'from  the  amide  and  phosgene, 
melts  at  36°. 

Benzanilidimide  Chloride,  CjlI.CG  ;  N .  C^Hj,  melting  at  40°  and  boiling  at  310®,  is 
produced  when  PC1«  acts  upon  benzanilide  (Wallach,  A.  184,  79),  or  upon  benzo- 
phenone  oxime,  (C^H5)sC  =  N  .  OH ,  by  an  intramolecular  atomic  rearrangement  of  the 
chloride,  (CgH.),C  =  NCI.  Water  or  alcohol  will  decompose  it  into  hydrochloric  acid  and 
benzanilide.  For  other  transpositions  of  benzanilide-imide  chloride,  compare  thiobenz- 
anilide,  etc. 

When  benzanilide-imide  chloride  acts  upon  sodium  acetoacetic  ester  the  products  are 
anil-ienzenyl-compounds,  j9-ketonic  acid  derivatives,  which  change  to  phenyl -quino- 
line  carboxylic  acids  upon  the  application  of  heat. 

Bentphenylhydrazid  imide  chloride,  C^H^CCl :  N  .  NH  .  CjHj.  melting  at  131°.  is 
formed  when  alcohol  acts  upon  the  reaction  product  of  PCU  and  sym.  benzoylphenyl- 
hydrazine.  C.H^  .  CCl :  N .  N(C,Hj)POa,  (B.  27,  2122). 

13.  Imido-ethers  of  the  Aromatic  Acids  (i,  269).  The  imido-ethers  (their  HCl- 
salts)  result  from  the  action  of  HG  upon  a  mixture  of  a  nitrile  with  an  alcohol  (Pinner,  B. 
16,  1654;  21,  2650;  23,  2917). 

Water  decomposes  the  H CI- imido  ethers  into  acid  esters  and  ammonium  chloride. 

The  following  bodies  should  be  viewed  as  imido-ethers  of  aromatic  carboxylic 
acids : 

^"'•^=^N-<!:ii,  ^•"»^N-CH>^"'         ^"'^N[2]r»"' 

M-Phenylozazoline  /<-PhenyIpentoxazoUne  |l-?V^ttl>J\V>wl^«^aL^Q^^V>ltfc>Jt!^s^. 
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Beniimido-ethyl  Ether,  C^H,.  C(NH)  .0.0,11,,  is  a  tbick  oil,  fonned  by  the 
action  of  ethyl  iodide  upon  silver  benzamide.  Its  hydrochloric  add  salt  decomposes  at 
120°  into  benzamide  and  ethyl  chloride.  The  free  ether  decomposes  when  heated  or 
upon  standing  into  alcohol  and  cyanpbenine.  Ammonia  converts  it  into  temunmdiiu 
(see  this),  hydroxylamine  into  bemamidoxinu  (see  this),  and  hydrazine  into  bemmyl- 
hydrazidine. 

14.  Thiamides  of  the  Aromatic  Acids.— T^Km^mmmvu^,  C.H^  .  CSNH,  or  C;H,C- 
(.SII)NH,  melting  at  116^,  results  on  conducting  hydrogen  sulphide  into  an  alcoholic 
solution  of  l>enzonitrile  mixed  with  ammonia  (B.  23,  158),  and  when  benzylamine  is 
heated  to  280°  with  sulphur  (A.  259, 504).  Zinc  and  hydrochloric  add  conreit  it  into  ben- 

zy lamine  (p.  179),  iodine  into  dibenzenylacosulphime  (see  this) ,  C^H^C^  ^C .  C^!I| 

(B.  25, 1588),  ethylene  bromide  into  /i-phenylthiaxoline  (see  below),  trimethylene  bromide 
into  /i-pbenylpenthiaxoline  (see  imido-ethers),  and  ethylene-diamine  into  benzenylethyi- 

/NH— CH, 
ene  diamine  (see  this),  CeH^C^^ ^^      (B.  25,  2134). 

Tkiohenzanilide^  ^e^'s-  CSNH .  C^Hj,  melting  at  98*,  consists  of  yellow  plates  or 
prisms.  It  is  formed  (I)  when  H^S  acts  upon  benzenylphenylamidine  at  100®  ;  (2)  by 
the  action  of  CS,  at  1 10°,  hydrosulphocyanic  acid  being  simultaneously  produced  (A.  19s, 
29) :  (3)  when  II,S  acts  upon  benzanilide  chloride ;  (4)  when  P,Sl  acts  upon  benz- 
amide ;  (5)  from  the  interaction  of  phenyl  mustard  oil,  benzene,  and  aluminium  chloride 
(H.  25,  3525).  It  is  changed  to  benzenylamidothiophenol  (p.  157J  by  heat  or  oxi- 
dation. -'  /-/ 

15.  Imidothio-ethera  of  the  Aromatic  Carbozylic  Acids  are  obtained  as  hydro- 
clilorides  from  nitriles,  mercaptans,  and  hydrochloric  acid  (compare  imido-ethers).  The 
following  compounds  must  be  considered  as  cyclic  imidothio-ethers  of  benzoic  acid : 

^S— CH,  ^S— CH,  ^Sfil) 

M-Phenylthiazoline  M-Phenylpenthiazoline  M-Phenvlbenzothiazole 

(see  this). 

Bemi mi Jothio  ethyl  Ether,  C,n5C(NH)S  .  CjHj,  is  an  oil.  It  readily  resolves  itself 
into  benzonitrile  and  mercaplan  {A.  197,  348). 

ir>.  Amidines  of  aromatic  monocarboxylic  acids  (i,  270)  are  obtained  from 
nitriles,  imido-ethers,  imide  chlorides,  and  thioamides  by  means  of  ammonia  and  ammo- 
nium bases.  The  cyclic  amidines  correspond  to  the  cyclic  imido-ethers  and  imidothio- 
ethers  : 

^NII— CH,  /Nil— Cn,  /Nliril) 

^."s.c:.,^,_,^„;      c.n,c<^^_^j,;>cn.      c.H,.c^^_t^j}c^„. 

M-Hlicny1)>:lyoxalidinc  m-PheiiyUctrahydropyrimidine  M-Phenylbenzimlde-azole 

Ethylene  Bcnzaiuidine  Trimethylene  Benzamidiiie  (see  this). 

Benzamidine,*  Renzenylamidine^  ^s^s  '^^NH  '  ™®^^*'^8  *^  75-8o®,  is  formed  from 
its  hydroihloride,  C^II^Nj .  HCl  -}-  211,0,  consisting  of  vitreous  crystals,  melting  at  72°, 
wiiich  anhydrous  become  liquid  at  169°  (A.  265,  130). 

Silver  salt,  C',!!^  .  C(-.-  NAg)NH,.  Benzamidine  is  a  stronger  base  than  ammonia. 
Hydroxylamine  converts  it,  by  an  exchange  of  the  NH-group  for  the  N(OH)-group,  into 
an  amidoxime.  Benzamidine  gives  with  diazobenzene :  benzamidinedia&obentfne  (see 
below);  with  benzaldehyde  :  benuilbenznmidine^itieXixngtX  ITS^  \  with  phenyl  isocyan- 
ide  :  benzenyldiphcnyldiurelde,  Q^\JZ\:.  N.  CONHCjHj).  NUCO.  NH  .  C,H.,  melting  at 
172°  ;  with  phenyl  mustard  oil :  benzamidine  phenylthiurea^  C^Hj.  C(:  NH)  .  NH  .  GS.  - 


*"  Die  Imidoalher  und  ihre  Derivate,"  Pinner,  1892,  p.  15a. 
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NH  .  C.H^  mehing  at  125®;  with  chlorcarbonic  ester:  bntzamidine  ureihatu^C^W^. 
C(:  NH)  .  NHCO.CjHj,  melting  at  58**  ;  heat  converts  it  into  diphmyloxycyamdine ; 


CO(NH .  C(:  NH)  .  C.Hj)^,  melting  at  289°,  and 

The  product  is 


with  pho8gene :  aibensamidine  1 
d^kmylaxycyamdiHe. 

The  actioa  of  nitfons  acid  upon  benzamidine  is  very  remarkable. 
hetuimyidwxytetratotic  acid  (see  below). 

B€m*amuiin€  NeUro-riug  Formations. — Benzamidine  heated  alone  becomes  cyanphe- 
nme;  heated  with  acetic  anhydride  the  product  is  diphenylmethylcyanidine ;  with  tri- 
methjlene  bromide:  trimetkylenebentamtdiney  or  \iphenylUtrahydropyrimidine ;  with 
acetyl  acetone:  phenyldimethylpyrimidiru ;  with  acetoacetic  ester:  phenylmethyloxypyr- 
tmtdime: 


Heat 


(CH».CO),0 


BrCHs.CHs.CHsBr 


/NH— CH,\ 

(CHaCO),CH,  C/^""^5CH* 

CH,.CO,.C,H»  cii 


CI  I, 


Cyanphenine 


Diphenylmethyl- 
cyanidine   (B. 

25,  1624) 

Phenyltetrahydro- 
pyrimidine   (B. 

26,  2122) 

Phenyldimethyl- 
pyrimidine 


Phcnylmcthyl- 
oxypyriniidine. 


Many  other  amidines  besides  benzamidine  are  known ;  also  numerous  alkyi-, 
phenyl-,  and  benzyl  substitution  products  of  the  simple  amidines.  As  may  be  gathered 
from  the  description  of  benzamidine,  the  amidines  are  unusually  reactive  bodies,  \vho>e 
investigation  has  contributed  much  to  the  chemistry  of  the  nilrogen-carlwn  ring  systems. 
Furfuramidine  (see  this)  deports  itself  very  much  the  same  as  benzamidine. 

17.  Dtozytetrazotic  Acids. — Free  benzenyldioxytetr azotic  acid^ 

CjHj.Cf  ^  ~  NO  t^^'  "  °°^  known.  Its  benzamidine  salt,  melting  at  178°,  is 
produced  when  nitrous  acid  acts  upon  benzamidine.  Sodium  amalgam  reduces  the 
potassium  salt  to  hentenyloxytetrazotic  acid^  Q^^fi  •\-  H,0,  melting  in  anhydrous 
form  at  175®  with  explosion,  and  bentenyltetrazotic  <iriV/(Lossen,  A.  263,  73;  265,  129). 
These  bodies  belong  to  the  class  of  heterocyclic  tetrazoles  or  pyrrotriazoles. 

iS.  Hydrazidines  or  Amidrazones  of  aromatic  monocarboxylic  acids.  Several 
representatives  of  the  aliphatic  phenylhydrazidines  were  discussed  in  connection  with 
phenylhydrazine.  The  simple  aromatic  hydrazidines  result  from  the  action  of  hydrazine 
opoo  the  imido-ethers.    The  most  thoroughly  investigated  is — 

Bcn«enylhydra*idine,C.H5 .  C/ JJ^  *  ^"*  or  C^H^ .  C^nH^"'*  '^^*^  compound 
cannot  be  obtained  from  its  salts  in  a  pure  condition.  Its  benzoyl  derivative, 
C.H,C(  :  NH)NH  .  NH .  CO .  CeH^,  melts  at  l88<>.  It  slowly  parts  with  water,  even  at 
120^,  changing  into  c-diphenyltriazole,  whereas  nitrous  acid  converts  it  into  dibenzenyl- 
isazoaime  (see  this). 

Id  addition  to  benzenylhydrazidine,  produced  in  the  interaction  of  hydrazine  and 
beiizimido-ether»  there  also  result : 

Dibenunylkydrazidim,  ZJA^ .  C( :  NH) .  NH  .  NH(NH  :  )C .  C^H^  or  C,H5C(NH,)- 
:N  — N:(NH,)C:C,Hj,  melting  at  202®,  and  dipkenyldihydrotetrazine  (see  this). 
Nitroas  add  chaoget  beDxenylhydrazidine  xvXo phenyltetrazotic  acid  (see  this). 
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^^  „     r/^** ' ^^  Bdwenylhydnri- 

r  »   r  /^  •  ^'"^  NH,.NH, ) w:  „  c^^'"'  ^"'^c  CH.  i^*«^y»»y 

( ^x,     c/^"-^"\c   CH    Dipfc«>7W«'»»rI«»- 

^       ^^•^  *»  •  SjjN N^  ■    •    •      tctraxiiie 

Heal  p/NH— N^  c-Diphenyltri- 

^*    *   %NH    C0.C;H5|hooh_^„     ^N— N^  DibcnzenylisiMX- 

-^rW"*  •  '"\__Q_/^  •  '^"»  ime. 

Di[)henyl(Hhydrotetrazine  is  readily  rearranged  by  acids  vaXQisodiphtnyldihydretetrcaMi, 
It  oxidizes  oa  exposure  to  the  air  to  diphenyltetrazine  (Pinner,  B.  27,  3273;  28,465): 

yNH— N^  ^  /NH-NH\  o     .  /'*  =  ''V,^- 

IsodiphetiyUiihydrotetrazine         Dipheiiyldihydrotetrazine  DiphenyUetrazine. 

19.  Formazyl  Derivatives  of  the  Aromatic  Monocarboxylic  Acids  (compare  p.  129). 
Fot  mazy  I  benzene,  C:,!?/:^^^ "~  ^H  cf  H  '  ™*^^"8  *^  173°,  consists  of  red  leaflets 
with  preenish  metallic  reflex.  It  is  produced  (l)  when  diazobenzene  (p.  129)  in 
alkaline  solution  (B.  27,  1690)  acts  upon  benzaldehyde- phenyl  hydrazone ;  (2)  from 
benzenyl  amidoxime  (p.  208)  and  phenylhydrazine  (B.  27,  160)  ;  (3)  when  phcnd- 
liydrazine  and  benzphenylliydrazid-imide  chloride  (p.  203)  interact.  The  hetcro-ring 
formations  of  the  formazyl  compounds  have  been  described  (p.  130).  A  glacial  acetic 
acid  solution  of  sulphuric  acid  converts  formazyl  benzene  into  phenphefiyltriazine  (see 
this).     It  yields  triphenyltetrazolium  hydroxide  upon  oxidation: 

-QHjNH.^P  n  p/N  =  N— [i]1p  „  Phenphenyl- 

Cn     c/^''  =  ^^'^«"^-|  ^■^^•"^Sn [2]J^*"*        triazine 

•    » •  %N - NHC.II,      1        +0       ^^  „      y^  =  N(OH)C,H,  Triphenyl- 

^ ->CAIJCC  I  tetrazohum 

*    *%N-N.C.II,  Hydroxide. 

Guanazyl  Benzene,  ^^^h^^l^cil^^*^ ''  ^"'  orange-yellow  prisms,  melting 
at  1990.  It  is  formed  when  diazobenzene  chloride  acts  upon  benzalamido  guanidine,  the 
condensation  product  derived  from  benzaldehyde  and  amidoguanidine  (l,  415).  Nitric 
acid  oxidizes  guanazyl  benzene  to  diphenyl  tetrazoU  (B.  30,  444). 

20.  Hydroxamic  Acids,  their  Ethers  and  Esters.— Under  benzamide  mention  was 
made  of  the  two  structural  formulas  which  were  theoretically  possible  for  benzami<le: 
inc  ^«'«c//w/./-formula  and  the  beftzimido-2iC\d  formula.  If  we  suppose  in  these  formulas 
an  nytlrogen  atom  in  union  with  nitrogen  to  be  replaced  by  the  hydroxyl  group,  we 
amve  at  the  two  formulas  theoretically  possible  for  an  hydroxamic  acid: 

c."..<".  „  c,,<«,<;,<HO„  ^  ^„_^NOH 

Benzamide  Benzhydroxamlc  Acid. 

ether8\rTc\ori''"^"r*  '**  preferred  for  the  amides  of  the  carboxylic  acids;  the  imido 
ucnveu  from  the  imido-acid  formula.    The  oximido-acid  formula  is,  however, 
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more  probable  for  the  benzhydroxamic  acids.  Hydroxime-acid  chlorides  correspond  to 
the  imide-chlorides,  and  amidoximes  to  the  amidines. 

Numerous  ethers  and  esters  can  be  obtained  from  an  hydroxamic  acid.     This  is 

accomplished  by  replacing  one  or  both   hydrogen  atoms  of  the  C<^qu    -group  by 

alkyl-  or  acidyl -groups.  Although  hydroxamic  acid  and  its  homologues  are  known 
in  but  one  form  each,  many  ethereal  derivatives  of  the  hydroxamic  acids  occur  in  several 
similarly  constituted  modifications,  whose  demonstrated  difference  can  in  no  satisfactory 
way  be  attributed  to  structural  difference  (W.  Lossen,  A.  a8x,  169).  Just  as  in  the  case 
of  the  oximes,  so  here  the  isomeric  phenomena  of  benzhydroxamic  acid  ethers  are  re- 
ferred to  the  stereochemistry  of  nitrogen. 

a-  and  /3-Ethylbenzhydroxamic  acids  differ  from  each  other  by  the  following  space- 
formulas  (Werner,  B.  25,  33) : 

C^HX— O.CjHj  ElhyUyn-  C^Hj .  C— O .  CjH^  Elhylanlibcnxhy- 

I  benzhydroxamic  >  droxamic  Acid  IBA. 

HO.N  Acid(«r)  N.OH  aroxamic  Acia iA»  J. 

Crystallographic  studies  have  shown  that  many  classes  of  amide-like  derivatives  ^f 
bydroxylamine  appear  in  poljrmorphous  modifications. 

Benzhydrozamic  Acid,  C^H^.  C( :  NOH) .  OH,  melting  at  I24<»,  and  Dibetnhy- 
droxamic  Acid  ox  Benzoylbenzhydroxamic  Ester ^  C,HjC(  :  NO .  COCjHjjOH,  melting  at 
161°,  are  produced  by  the  interaction  of  benzoyl  chloride  and  bydroxylamine.  The  po- 
tassium salt  of  the  diben^ydroxamic  acid  is  decomposed  by  water,  especially  on  heating, 
into  potassium  benzoate,  s-diphenylurea^  and  CO, : 

2C,H4C( :  NOCOCjHJ  .  OK  -f  H,0  =  2C,H5COOK  +  COCNHC.H^),  -f  CO,. 

The  rearrangement  occurring  here  recalls  that  of  the  ketoximes  (Beckmann,  p.  189J  to 
alkyl ized  acid  amides.  As  s-diphenylurea  can  be  resolved  by  hydrochloric  acid  mto 
aniline  and  CO,,  it  is  possible,  aided  by  these  reactions,  capable  of  greater  generalization, 
to  change  benzoic  acid  to  aniline — that  is,  to  replace  the  CO,H-group  by  the  NH,-group 
(A.  175,  313 ;  compare  benzoyl  azide,  p.  201).  The  alkyl  ethers  of  dihydroxamic  acid  are 
known  in  two  modifications:  a-(syxx,)' Methyl  Ether y  melting  at  53**;  ^-{ziXxy Methyl 
/TM^r,  melting  at  55®;  a-(syn.)--£:/>ly/^/^r,  melting  at  58°  ;  j3-(anti),£'My£'M^,  melt- 
ing at  63^  (A.  205,  281 ;  a8z,  235).  The  a-bodies  result  from  the  action  of  alkyl 
iodides  upon  the  silver  salts;  the  j3-compounds  through  the  action  of  benzoyl  chloride  and 
caustic  potash  upon  the  alkylhydroximic  acids. 

Benzhydrozimic  Acid  Alkyl  Ethers  or  Alkyl  Benzhydrozimic  Acids,  C^H^- 
C( :  NOH)OR^,  are  obtained  from  benzimido-ethers  and  bydroxylamine  hydrochloride, 
and  from  dibenzhydroxamic  acid  alkyl  ethers  (A.  252,  211).  They  occur  in  two  modi- 
fications, which  can  be  distinguished  by  the  fact  that  the  a-  or  syn. -modifications  yield  in 
treatment  with  PCI5  (by  Beckmann's  transposition)  phenylcarbamic  acid  ethers  or  their 
transposition  products : 

C-HjCOCH,  OCOCH, 

II  >  '  : 

HON  CeHj.NH 

whereas  the  /?•  or  anti-forms  become  phosphoric  ethers  of  the  alkylbenzliydroximic 
acids  (B.  29,  1 146).  a-{yjTi,y Methyl  Ether ^  melting  at  64°,  readily  changes  to  a  physi- 
cal isomeride;  this  is  also  true  of  the  syn. -modification,  melting  at  101®  (B.  29,  1150). 
fi-{9Xi\:\)  Methyl  Ether  melts  at  44®,  a-{syu,)- Ethyl  Ether  melts  at  53®,  and  ^-(tai\x)-Ethyl 
Ether  at  680. 

The  alkylbenzhydroximic  acids  also  form  alkyl  and  acidyl  ethers.  Tribenzoyl 
Hydrozylamine,  C^H^ .  C( :  NOCOCjH^)0 .  COCjHj,  is  prodiiced  in  three  forms  when 
benzoyl  .chloride  acts  upon  hydroxylamme  hydrochloride :  a -modification,  melting  at 
100°  ;  /?- modification,  melting  at  141^ ;  and  the  7-modification,  melting  at  1 12^.  Hydro- 
chloric acid  changes  the  a-  and  ^-modifications  to  the)3-form  (A.  a8i,  276). 

21.  Haloids  of  Benzhydrozimic  Acid. — The  free  chlorides,  as  well  as  the  ethers 
of  the  fluoridej^  chlorides,  and  bromides,  are  known.    TVit  (x^t  di\ot\^«,^  T«»aN\.  V\52ii&L^^ 


soS 

conneipondipg  bemaldoximes  upon  Irealnient  with  chlorine  in  dhlnro^tfia  fulatittn. 
The  ethen  are  produced  when  the  Amidoiime  tihcrs  are  treated  with  h^Totd  wd6&  and  m 
alkiiUiie  nitrite;  alio  when  PCi^  acu  upon  the  alkyl  ethers  of  hj^d/oxAtnic  «dd  { \*  asi. 
ai7). 

BmMhydr^ximie  Acid  Ckhtide^  C;H,C(  :  KOH)a,  melting  tt  48^1  frota  ben/il 
doxime,  ii  oooTerted  bj  Ammonift  Into  bcn^enylamtdaiLime  (B.  37^  2I9J^  2846).  iSr^M 
Menyi-metk9xim*  Ckierid^,  C-H.  .  C(  r  NO*  Jl^iJLU  boils  at  315',  Mtrnt^yim^k^^mt 
Bnmidt.  CLHj .  C( :  NOC,li;)Br,  boUs  at  aj^ia  H.  3454)- 

BtmenytMydrmxyUumMi'arHu  AM^  C^H. .  C( :  NOCH| .  C 


i4ro  iq  ijS**.  it  formed  when  canstic  pfttpih  ads 

C;H|  .  C(  :  no  .  CHjCOaHtONO,  mekiiiK  at  95*.    the  latter  b  jwadneed  dmw^  (he 
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aoion  of  inlphuric  acid  and  polaisiimi  nitrite  upon  bemenyiamidbKimc ■acetic  MidtKe 
below).  Bemmyi/lMor-^  cUor-^  and  kr^mmme-^c^He  Atiis  all  mdt  at  t^S*.  Taer 
are  oMained  when  haloid  acids  and  an  alkaline  nitrite  are  allowed  to  act  opoo  benseiTl- 
amidoume-acetic  acid  (B.  a6,  1570). 

22.  The  Afnidoximes  are  produced  by  the  action  of  Indrasylamine  u|^  thioasndeik 
nitriles,  imido  ethen  (p.  203),  and  amidines  (p.  204).  Ferric  chloride  inpaits  a  deep 
red  color  to  the  alcoholic  scHutioo  of  the  amidozimes. 

Bensenylamidozifne,  Amide  of  BenshTdroxamic  Add,  C^H^ .  ^^w  If  *  "*^  ^ 
79®.  It  gives  the  isonitrile  reaction  with  chloroform  and  potassium  hjdrcnide.  NiliMi 
acid  changes  it  to  benzamide.  With  adds  and  caustic  alkalies  It  jidds  salts— ^. /.t 
C«Hj.C(:N.OH)NH..HCl  and  C^H^ . C(NHJ  : N . OK.    Alkyl  iodktesconfcit&e 

latter  into  amidoxtme-etners. 

Methyl  Ether,  C;H^(.  NH,) :  NOCHg,  melU  at  57^;  the  Hhyl  eiker  mdts  st  67* 
(A.  281,  280). 

Acetylbenzenylamidoxime,  C,Hj .  C( :  NCKX)CH.)  .  NH,,  melts  at  l6«>  (B.  18, 1082). 
Bentenyhximidocarbonic  Ester,  C-H.C(.  NH,) :  NCCOjClH^,  melts  at  I27«.  Bemtmyl' 
oximidogfycomc  acid,  C.H^ .  C( .  NH,) :  NO  .  CH, .  CO.H,  melts  at  1230.  Bentemyi^ 
amidoxivu-bu/yric  acid,  C^HjC(NH,) :  NOCH(C,H5)COOH,  melts  at  82®  (R  t9, 
2655). 

Hetero-ring  Formations  of  the  Amidoximes,—-[l)  The  amidoximes  condense  with  the 
aldehydes  of  the  fatty  series  to  hydratoximes.  Tne  amidoxime  add  deriTatires,  alluded 
to  above,  throw  off,  on  heating  above  their  melting  points,  water  or  alcohol,  and  beooeie 
azoximes  : 

TH     p/NII,  -fCHiCHO  r/^^-^rH   rH     Benienylhyd«i- 

•    *'  %NOH  ^^O  -^SiHi^j^^Q^CH  .CH,      ^xime Edudene 


^•"•Sn.o.coch,  ^"'Sn-o/ 

•  *    \n.o.ch,.co,ii 


:.CH, 


oximel 

Ethenyl-hensenyl 
Aaoaime 

Caibonjl-ben- 
xenyl  Asoxime 

— H-n  v-NH— CO  Anhydrideofben- 

"^  >C,H. .  CC  >CH,         xenylamidoxime 

^    •   ^N O-^       •         GIiiollicAdd. 


^5^,..C<^>0 


->q,H, 


zenyiamiooximc 
Glyoollic  Add. 


CH     C/"""' 
•    *'^N.O.CH,.CO,H 

23.  Aromatic  Nitrolic  Acids,  like  C^H5.C(:N.OH)NO^  are  not  yet  known 
(B.  27,  2193). 

Derivatives  of  Orthobenzoic  Acid  (compare  i.  233). 

24.  Ethyl  Orthobenzoic  Eater,  Ethyi  Orthcbetwrnti,  BememyUifyi  Eiker^  CJA^- 
C(O.C,H^)„  from  phenyl  chloroform  and  sodium  ethylata,  bdls  at  220-S25^. 

25.  Benzotrichloride,  Phenylchloroform,  Bemtoic  Acid  THckloride^  Bemaiw^  Tri- 
chloride, C^H^CCl,,  melting  at  — 22.5<'  (B.  26, 1053),  boiling  at  213^',  with  sp.  gravity 
1.3S  (14^),  is  isomeric  with  the  chlorbienzalchlorides,  dichlorbensjldilorides,  and  the 
trichlortoluenes.  Phenyl  chloroform  bears  the  same  relation  to  benzoic  add  or  phenyl 
formic  add  that  methyl  chloroform  sustains  to  acetic  add  or  methyl  formic  add  (1, 256}. 
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It  resohs  (l)  npoii  coodacting  chlorine  into  boiling  toluene,  until  there  is  no  further 
increase  in  wd^  (A.  140,  330) ;  (a)  by  the  action  of  phosphorus  pentachloride  upon 
bensoyl  chloride  (A.  139,  3^).  It  changes  to  benzoic  acid  when  heated  to  100°  with 
water.  It  yields  oenxoyl  chloride  and  l^nzoic  anhydride  on  being  digested  with  an- 
hydrous oxalic  acid.  It  readily  condenses  to  triphenyl  methane  derivatives  with  the  ani- 
liiieft  and  phenob  (B.  15,  232 ;  A.  2x7,  223). 

26.  Oithobenxoic  Acid  Piperidide,  C^H^C(N .  C^Hi^),,  melting  at  80^,  is  produced 
on  warming  benzotrichloride  and  piperidine. 

The  btmamUi  haloids  also  belong  to  the  derivatives  of  orthobenzoic  acid  (p.  203). 

SUBSTITUTED  AROMATIC  MONOCARBOXYLIC  ACIDS. 

Only  those  will  be  given  in  connection  with  the  monocarboxylic  acids 
in  which  the  substitution  has  occurred  with  the  hydrogen  atoms  of  the 
benzene  nucleus.  Certain  ortho-products  show  the  power,  by  water 
elimination,  of  yielding  inner  anhydrides  or  heterocyclic  compounds. 

See  p.  197  for  the  behavior  of  2,6-substituted  carboxylic  acids  in  their  esterification 
with  alcohol  and  hydrochloric  acid. 

I.  Halogen  Benzoic  Acids  are  formed: 

(i)  By  the  substitution  of  benzoic  acids  or  nitrites ;  the  halogen  atom 
entering  first  prefers  the  meta-position  with  reference  to  carboxyl 
(p.  69). 

(2)  By  oxidizing  p-  and  m-halogen  toluenes  and  higher  homologues 
with  chromic  acid,  and  o-haloid  hydrocarbons  with  dilute  nitric  acid  or 
potassium  permanganate. 

(3)  From  the  amido-acids  (a)  by  means  of  the  diazo-sulphates,  or  (^) 
the  diazoamido-acids ;  both  classes  when  boiled  with  haloid  acids  yield 
haloid  carboxylic  acids.  Thus,  the  fluor-benzoic  acids  have  been  ob- 
tained from  the  diazoamidobenzoic  acids  (B.  15, 1197). 

(4)  By  the  action  of  phosphorus  pentachloride  upon  the  oxy -acids  (compare  salicylic 
acid). 

(5)  Nucleus  synthesis  :  heating  the  halogen  nitrobenzenes  to  200-230^  with  potassium 
cyanide  and  alcohol.  In  this  reaction  the  cyanogen -group  replaces  the  nitro-group ;  it 
does  not,  however,  take  the  same  position  in  the  benzene  residue  (B.  8,  1418).  At  the 
temperature  of  the  reaction  the  nitrile  changes  to  the  acid.  m-Chlornitrobenzene  yields 
o-chlorbenzoic  acid ;  and  p-chlomitrobenzene,  m-chlorbenzoic  acid. 

(6)  From  the  haloid  anilines  through  the  diazo-compounds,  etc. 

Properties  and  Deportment. — In  the  following  tabulation  of  the  melting  points  of  the 
mono-haloid  benzoic  acids  it  will  be  observed  that  the  ortho-bodies  melt  at  the  lowest 
temperatures  and  the  para-compounds  at  the  highest.  The  melting  point  rises  with  the 
atomic  mass  of  the  substituting  halogen.  The  ortho-derivatives  are  rather  readily  solu- 
ble in  water,  and  yield  easily  soluble  barium  salts,  whereby  they  can  usually  be  quite 
readily  separated  from  the  meta-  and  para-derivatives.  When  they  are  fused  with  caus- 
tic potash  oxy-benzoic  acids  result. 

Fluorbentoic  Acid:  o-:  melts  at  118®  ;  m-:  melts  at  124® ;  p-:  melts  at  l8l°. 
Cklorbentoic  Acid:  o-:  "  "  137°;  m-:  «*  "  153O;  p-:  "  "  240®. 
Brombenzoic  Acid :  o-\  "  "  147'' ;  m-:  "  "  155®;  p-:  *•  «*  251^ 
lodUtnoic      Acid :  o-i     "      "    i620;m-:    "      "  187**;  p-:     *•     "   265*>. 

Numerous  polychlor-  and  polybrom-benzoic  acids  are  known.     The  five  hydrogen 
atoms  of  the  phenyl  of  benzoic  acid  can  be  replaced  by  chlorine  or  bromine. 
2.   Jodoso'  and   lodo-bmnzoic    Acids   (p.   60). — ^\}]^oii   cVAotviA^kk^  ^^  ^^^^ 
JI—J8 
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io(l benzoic  acids  in  chloroform  three  iodide-chloridebeiuoic  adds  are  nodnced.  Sodium 
hydroxiile  changes  these  to  the  iodoso-benioic  acids  (B.  97,  2326).  o-Iodnebenztic 
AiU,  C'fH«(IO)CO,II,  consists  of  brilliant  leafleU,  which  explode  at  244^  This  add  is 
also  produced  in  the  oxidation  of  o-iodltenzoic  acid  with  fuming  nitric  add  (B.  a8, 83), 
and  together  with  o-iotiobenzou  ariJ,  CfII^(IO,)CO,H,  exploding  at  230^  with  vioteoor, 
when    o-iodben/oic    acid   is  oxidized    with    potassium    permanganate.     The  fonnula 

('^11^  N  f  M(jQ  __  -^^^  ^^  ^'^  ^^^  suggested  for  the  o-iodosobenzoic  acid,  as  it  yields, 

like  Ixvulmic  acid,  when  heated  with  acetic  anhydride,  an  acetyl  derivative:  OfrtuJiu*- 

benzoic  add,  C,H,  I  [l]cO^^^"'^><^»  melting  at  i6C°  (B.  26,  1364). 

3.  Nitromonocarboxylic  Acids. —  Not  more  than  three  nitro- 
groups  have  been  introduced  into  the  benzene  residue  of  an  aromatic 
carbuxylic  acid. 

Nitrobenzoic  Acids. — (i)Metanitrobenzoicacid  is  the  principal  product  in  thenitrt- 
tion  of  l>enzoic  acid.  The  quantity  of  the  ortho  (20  per  cent.)  and  para  (1.8  percent.) 
acids  is  less  ^A.  193,  202).  (2)  By  oxidizing  the  three  niirotoluenes;  the  ortbo  with 
IHitassiuin  i>ermanganate  (B.  12,  443),  and  the  meta  and  para  with  a  chromic  add  mix- 
ture (A.  155,  25).  o-  and  p- Nitrobenzoic  acids  are  also  produced  by  oxidizing 0- tad 
1»  nitrol>enzyl  chloride  with  {M^tassium  permanganate  (B.  27,  385),  as  well  as  by  osidinog 
o-  and  p-nitrocinnamic  acids.  (3)  By  converting  the  three  isomeric  nitranilines  into  the 
three  nitrol)en/onitrilcs  (B.  28,  150;  constitution,  pp.  38,  105).  The  nitration  of 
n  l)eii/onitrile  yields  m-nitrobenzonitrile  almost  exclusively.  o-Nitrobenzonitrile  has  been 
obtained  from  o-nitraniline  (B.  28,  151).  Nitro-acids  result  U|x>n  saponifying  thenitio- 
nilrilcs  with  caustic  sotla: 

o-Xitrohfnzoif  AnJmQ\\s  at  I47® ;  o-Nitrobenzonitrite  melts  at  I09®. 
mXitrobntzoic  Aiiii  **  "  I4I® ;  m-XitrobfnzoniiriU  "  "  1 16**. 
Y  \iti\^bt'ttzou  Acid    **     "  238®;    ^' NitrobenzonitriU    '•      **  147°. 

o-Xitrobntzoic  Acid  possesses  a  sweet  taste  and  dissolves  in  164  parts  of  water  at  16'. 
Its  niiiatiim  pr«xliices  2,6-,  2,5-,  2,4-tlinitrobenzoic  acids,  and  styphnic  acid  (p.  161). 
ni  Nitrobcn/oic  acid  dissolves  in  425  parts  of  water  (16*^).  Its  barium  salt  dissolvn 
with  difficulty.  l'iK>n  nitration  it  yields  2,5 -dinitrobenzoic  acid,  p- Nitrobenzoic  acid, 
called  also  nitrodracrylic  acidy  l>ecause  it  is  formed  in  the  action  of  nitric  acid  aj«n 
draj;on's  blood  (p.  103)  (A.  48,  344),  is  very  sparingly  soluble  in  water.  Nitration  con- 
verts it  into  2,4-  and  3,4-dinitroi>enzoic  acids.  The  electrolysis  of  its  warm  sulphuric 
acid  solution  produces  p-amido]ihenolsulphonic  acid  (B.  28,  K.  37S ;  compare  also  B. 
28.  K.  126).  2,4-,  3,4-Oinitro-  and  2.4,6-trinitrobenzoic  acids  are  obtained  by  the  oxid- 
ation of  the  corresponding  nitroluenes  (p.  68).  The  dinitrotoluenes  are  oxidized  by  i 
chromic  acid  mixture  (B.  27,  2209U  or  by  potassium  permanganate.  Trinitrotoluene  is 
oxidized  by  a  nitric-sulphuric  acid  mixture  at  150-200**. 

2,J^-Di nitrobenzoic  At  id  melts  at  179°  ;  the  2,5-acid  melts  at  177** ;  2,6-acid  at  202**; 
the  3,4- ic  id  at  165°;  the  3,$-,  or  c^;  <////// ;t  din  it  roltenzoic  acid  melts  at  204°.  2,4,6- 
Jrinifrobcnzoic  Add,  (N(>^).,C'glljCO,Il,  melts  at  210**  with  the  elimination  of  (X\ 
(B.  27,  3154;  28.  2564,  3005;  R.  125). 

Nitro-haloid  Benzoic  Acids.— 0,0- F/itonti/robenMoic  Acid,  CjH,F(NO,)CO0H, 
melting  at  127*^,  has  l)een  prepared  by  oxidizing  fluornitrotoluene.  In  contrast  with  the 
other  0,0-disubstituted  l)enzoic  acids  it  can  he  quite  readily  esterified  (see  p.  197  ;  B.  29, 
842).  The  nitration  of  m-brombenzoic  acid  yields  two  o- nitro-acids,  both  of  which  yield 
anthranilic  acid  u|X)n  reduction:  3-brom-2-nitrolxinzoic  acid,  melting  at  250®,  and 
3  brom-6-nitrobenzoic  acid,  melting  at  139°  (compare  equivalence  of  the  six  hydrogen 
atoms  of  lienzene,  p.  33).  l*he  halogen  atom  in  the  nitruhaloid  benzoic  acids  is  re- 
active, like  that  in  the  nitrohaloid  benzenes  (B.  22,  3282). 

Nitrophenyl-acetic  Acids,  NO^ .  Cgll^ .  CHj .  CO^II,  are  produced  by  saponifring 
the  nitrolx'nzylcyanides  with  caustic  alkali.  The  latter  bodies  constitute  the  product 
resulting  from  the  action  of  potassium  cyanide  U(x>n  the  nitrobenzyl  chlorides  (p.  180), 
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(B.  i6«  2064;  19,  2635).  The  nitration  of  phenyl-acetic  acid  produces  mainly  the 
p-nitro-bodj,  with  little  of  the  o-nitro-acid  and  o,p-dinitrophenyl  acetic  acid,  melting 
H  i66«. 

0-,  m-,  p-Nitrophenylacetic  Acids  melt  at  141°,  120^,  152^. 

0-,  m-,  p-Nhrobenzyl  Cyanides        *«     "    84'',    61°,  lie®. 

Nitrohydrocinnamic  Acids,  NO^C^H^CH, .  CH, .  CO,H. — p-Nitro-  and  o-nitro- 
hydiDcinnamic  acids  result  from  the  nitration  of  hydrocinnamic  acid.  Both  in  turn  yield 
the  o,p-dinitro-acid.  The  o-nitro-acid  is  also  prepared  from  o-nitro-p-amidohydroeinnamic 
•ddy  the  first  reduction-product  of  the  o,p-dinitro-acid,  as  well  as  from  o-nitrobenzyl- 
■lalooic  ester  (see  this).  The  m-nitroacid  is  obtained  from  p-acetamido-m-nitrohydro- 
cumamic  acid  (B.  25,  846;  29,  635  ;  compare  also  m-nitrotoluene,  p.  68). 

0-,  m-,  p-Nitrohydrocinnamic  Acids  melt  at  115**,  1 18®,  i63*>. 

o-p-Dinitrohydrocinnamic  Acid  melts  at  123^  (B.  13,  1680). 

o-  and  p-Nitrohydratropic  Acids,  NO,.  C^H^.  CH(CH,).CO,H,  melting  at  iio<' 
■Dd  87®,  are  produced  upon  introducing  hydratropic  acid  into  strongly  cooled,  fuming 
nitric  acid  (A.  227,  262). 

4.  Nitrosomonocarbozylic  A.c\6M.--0'Nitrosobenzaic  Acid^  CH^[l]NO[2lCO.  - 
OH,  melting  with  decomposition  at  2io<*,  results  from  the  oxidation  of  the  phenyl- 
OKjiiidols  obtained  from  benzolnoxime  (B.  29,  2064). 

4.  AROMATIC  AMIDOMONOCARBOXYLIC  ACIDS. 

These  are  obtained  by  reducing  the  corresponding  nitrobenzoic  acids. 
Like  glycocoll,  the  araidobenzoic  acids  yield  crystalline  salts  both  with 
acids  and  bases.  They  do  not  combine  with  acetic  acid^  hence  are  pre- 
cipitated by  it  from  their  alkali  salts. 

Like  glycocoll,  these  acids  can  be  considered  as  cyclic  ammonium 
salts  (i,  354).  The  hydrogen  atoms  of  the  amido-group  are  replaceable 
by  alkyl  and  acidyl  residues.  Dimethylated  amido-acids  are  produced 
by  the  action  of  phosgene  and  aluminium  chloride  upon  the  dimethyl- 
anilines.  Acetamidobenzoic  acids  are  formed  by  the  oxidation  of  the 
acetyl  toluidines. 

The  o-amido-acids  (of  which  o-amidobenzoic  acid  and  o-amido- 
phenylacetic  acid  are  closely  related  to  indigo,  and  o-amidohydrocin- 
namic  acid  to  quinoline)  form  hetero-rings,  and  yield  rather  remarkable 
ortho-condensation  products. 

Anthranilic     Acid,     o  -  Amidobenzaic   Acid,    C^H^  |  W^^*"*     ^^ 

{[i]CO0 
/  ,  melts  at  145®,  and  breaks  down,  upon  heating,  into  aniline 
[2]NH, 
and  carbonic  acid.     Its  aqueotis  solution  has  a  sweet  taste.     It  was  first  ob- 
tained from  indigo  (see  this)  by  the  action  of  caustic  potash  (Fritzsche, 
1841).     The  oxidation  can  be  accelerated  by  the  addition  of  manganese 
dioxide  (A.  234,  146).     The  acid  results  from  the  reduction  of  o-nitro- 
benzoic  acid  and  the  two  m-brom-o-nitrobenzoic  acids  (p.  210)  with  tin 
and  hydrochloric  acid ;  also  from  phthalimide  upon  treatment  with  bro- 
mine and  caustic  potash  (B.  24,  R.  966),  as  well  as  from  anthranil,  acet- 
anthranilic  acid,  and  isatoic  acid  (see  below). 
Nitrotis  acid  converts  anthranilic  acid  in  aqueous  solution  Into  ^v 
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cylic  acid,  and  sodium  in  amyl  alcohol  solution  into  hexahydroanthn- 
nilic  acid,  hexahydrobenzoic  acid  (see  this),  and  n-pimelic  acidj(i,  444) 
(B.  27,  2466). 

The  ethyl  ether  boils  at  260®.  It  is  fonned  when  iloohol  and  hydrochloric  add  ad 
upon  isatoic  acid.  Its  amide,  from  isatoic  acid  and  ammonia,  melts  at  108^  (B.  iS,  R. 
273).  Phemylanthranilic  acid,  C;H(NH[2]C;H«[i]CO,H,  melts  at  k8i^  (B.  25, 1734J 
(below). 

Formylamthranific  aeid,  CHO.  NH[2]C«H4[l]CO,H,  melting  at  168®,  is  prodaoed 
in  boiling  isatoic  acid  with  formic  acid. 

Acetylanthranilic  Acid,  CH,CO.  N1I[2]C;H«[i]CO,H,  results  when  o-tcetyl- 
tuluidine  is  oxidized,  when  o-amidobenzoic  acid  and  anthranil  are  acted  upon  with  acetic 
anhydride,  and  in  the  oxidation  of  methyl  ketol  and  qninaldine  with  potassiom  penaaii- 
ganate.  It  melts  at  1%$^.  llie  ethyl  ester,  melting  at  6i<',  and  the  amide,  melting  it 
170®,  are  produced  from  the  corresponding  anthranilic  acid  deriTatlTCS  by  the  actiooof 
acetic  anhydride. 

Bensoylanthranilic  Acid  melts  at  183^  (B.  26,  1304). 

Anthranil,  o-Amidobenzoic  Acid  Lactam,  C^ll^-J  ^  ^  1       or  C^H^*}       X  >0,isiii 

oil  which  voKitilizes  readily  with  aqueous  vapor,  poss^ses  a  peculiar  odor,  and  boih  widi 
decomposition  at  about  2ZO®.  This  inner  anhydride  of  o-amidobenzoic  acid  hss  nefcr 
betm  obtained  from  the  acid  itself,  but  (l)  by  the  reduction  of  o-nitrobenzaldehyde  with 
ferrous  sulphate  (theoretical  quantity)  and  ammonia  (B.  15,  2105,  2572),  or  with  tin  tnd 
(glacial  acetic  acid  (B.  i6,  2227  ;  28,  1382).  It  also  results  (2)  when  o-nitropheoyloxy- 
acrylic  acid  is  boiled  with  water  (B.  16,  2222) ;  anthroxanaldehyde  is  produced  it  the 
same  time.  It  dissolves  in  alkalies,  forming  salts  of  anthranilic  add.  o-AmidobeDzskle- 
hyde  and  o-amidobenzylalcohol  are  produced  when  it  is  reduced. 

Meihyhayboxyanthranilic  Ester,  CO,H  .  NH[2lC,H<[x]CO,CH5,  melting  at  176°,  is 
fonned,  together  with  anthranilic  ester,  when  methyl  alcohol  at  130^  acts  upon  isatoic 
acid  (B.  20,  R.  813). 

Carboxyethyhnthranilamide,  COjCjHj.  NH[2]C^H^[l]CONH„  melting  at  152*, 
results  when  ClCOjC^Ifj  acts  upon  anthranilamide. 

o-Uramidobntzoic  Add,  Nn,CONH[2]CjH^[l]CO,H,  melting  at  I52*>,  is  fonned 
in  the  interaction  of  the  chlorhydrate  of  anthranilic  acid  and  potassium  cyanate. 

([ilCO  (CO.O 

Isatoic  Acid,  Anihranilcarbonic  Acid,  CM  A      t\  or  QMA  1    (?), 

•  *l[2]N.CO.H  '  *lNH.CO^' 
melts  about  233-240°,  decomposing  at  the  same  time  into  carbon  dioxide  and  anthra- 
nil. It  was  first  obtained  by  oxidizing  a  glacial  acetic  acid  solution  of  indigo  with 
chromic  acid  (II.  KoU)e,  1 885),  and  later  from  anthranil  and  anthranilic  acid  by  the 
action  of  chlorcarl)onic  esters  (H.  aa,  1672).  It  is  very  sparingly  soluble  in  water. 
Digested  with  alkalies  or  l>oiled  with  acids,  it  decomposes  into  carlx>n  dioxide  and  an- 
thranilic acid.  Ammonia,  hydrazine,  phenylhydrazine,  and  hydroxylamine  chsinge  it 
into  the  corresi>onding  amide  derivatives  of  anthranilic  acid  (B.  19,  R.  65 ;  26.  R.  585). 
Kynuric  Acid,  Oxalylanthranilic  Acid,  Carbostyrilic  Acid,  CO,H  .  CONH[2]^H,- 
[i]CX),H  -|-  11/),  becomes  anhydrous  at  100°  and  melts  at  180°  with  \lecompositinn. 
It  is  formed  from  the  quinoline  derivatives — kynurine  (see  this),  kynurenic  acid  (see 
tliis),  aphcnylquinoline  (see  this),  carlKMtyril  (see  this),  acettetrahydroquinoline,  and 
indoxylic  acid  (see  this)— by  oxidation.  It  is  prepared  synthetically  by  heating  anthra- 
nilic acid  with  oxalic  acid  to  130°  (B.  17,  401 ;  R.  Iio).  Its  ethyl  ester,  CO,  .  C^Hj- 
CO.  NIl[2]CjII^[i]C0,H,  is  formed  in  the  oxidation  of  the  ester  of  indoxylic  acid 
(B.  15,  778).     It  melts  at  180°. 

f[i]CO.N 
Dicyanaminobenzoyl,  C.H.i  ^  ,  ,„    n     ^.  melts  with  decomposition.     It  results 
l[2]NH.C.CN 
from  cyanogen  and  o-amidobenzoic  acid  in  aqueous  solution  (B.  zi,  1986).     Ethoxy- 

f[i]CO.N 
cyanaminobenzoyL  (ZMA  H  f  melting  at  173**,  is  formed  from  cyanogen 

•    *l[2]Nn.C.OC,H5 
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and  o-amidobenzQic  add  in  alcoholic  solution  (B.  a,  415).     Ammonia  changes  it  to  o- 

rrnco.NH 

be&sglycocyamidine,  ienuoyUnguanidine^   ^^^«1  r  tmtt  ^.  vw*  ^^^^^  ^^V    '^^ 

f[i]CO NH 

strong  alkaline  solution  converts  into  a-obenzcreatinine,  C^H^-j  ^  ixr^rH        ^     mw 

(B.  13,  977).  Further  derivatives  of  anthranilic  acid  have  been  obtained  from  o-amido- 
benxonitrile,  C^H4[i]NlI,[2]CN,  melting  at  47^;  this  results  in  the  reduction  of 
o-nitronitrile  (B.  29, 024). 

Dibromanthranilic  Acid\%  produced  when  bromine  acts  upon  o-nitrotoluene  (p.  68). 

Hetero-ring  Formations  of  Anthranilic  Acid  and  its  Derivatives. — Anthranil  and 
isatoic  acid,  whose  constitution  has  not  yet  been  definitely  determined,  are  derivatives  of 
anthranilic  acid  which  certainly  contain  an  hetero-ring,  but  both  are  not  formed  from 
anthranilic  acid.  However,  numerous  reactions  of  the  latter  acid  lead  to  hetero-rings, 
which  contain  one,  two,  and  three  nitrogen  atoms  in  the  new  ring  (compare  o-amido- 
benzylalcohol,  p.  180;  o-amidobenzylamine,  p.  181 ;  o-amidobenzaldehyde,  p.  187, 
and  o-amidoacetophenone,  p.  1 90). 

Acetylanthranilic  acid  and  phenol  condense  on  heating  to  acridone^  which  also  re- 
sults on  digesting  phenylanthranilic  acid  (p.  212)  with  concentrated  sulphuric  acid 
(B.  25,  2740).  Anthranilic  acid  condenses  with  acetophenone  and  acetoacetic  ester  to 
quinoline  derivatives  (B.  27,  1396)  : 

l1CO,H       -H,0 


<^H.  {  W^^^. ^C.H,<CO  >c.H,  Acridone 

[i]COOH  ,  CH, .  CO, .  C,H,  -QH>o  ^  ^  ,.   ^C(OH)=C.CO,H  y  pxyguinal- 
2]NH,  CO.CH,  -HO,  N  CCH,     boxylicAcid 

[I]C00H   ,  CH,  -^H,0  C(OH)=CH         a  Phenyl- 

r,1  VH         ^h€\C  H ^^•"4<T^  U  p  „       y  oxyquino- 

[2]NH,  CO.C,H5  ^..i^L^^Q.Q^l^     line 


o-BenzoyUnurea  is  formed  on  heating  anthranilic  acid  and  anthranilamide  with  urea. 
It  also  results  npon  heating  carboxethyl-o-amidobenzamide  (B.  2,  416;  22,  K.  196),  as 
well  as  by  the  action  of  mineral  acids  upon  uramidobenzoic  acid  (B.  27,  976).  Ketodi- 
AydrvqmmoMolines  are  produced  on  heating  formyl-,  acetyl-,  and  benzoyl-o-amidobenz- 
unlde.  The  /3-methyl  compound  is  formed  in  the  action  of  acetamide  upon  anthra- 
nilic acid,  and  ammonia  upon  ethylacetamidolienzoic  ester  (H.  20,  R.  630;  22,  R.  196; 
VJ^  R.  516].  The  condensation  products  of  o-amidobenzoic  acid  and  cyanogen  gas 
have  been  aescribed  and  formulated  (p.  212) : 

r  w  /  rncooH  -H^ 

^    UWnH.CO.NH,  1  fCO— NH    o-Benzoylenurea 

nxj  i  [l]CO.  NH,  -H,0  ._      CO .  NH      J-Keto-dihydroquinazo- 

^"n  WnH  .  CHO  ■^•"4<N  :=  in  line. 

Nitrons  add  converts  anthranilamide  directly  into  benzazimide,  whereas  the  o-diazo- 
Ic  ester  first  resulting  from  anthranilic  ester  must  be  treated  with  ammonia  to 
this  change  (B.  2Z,  1538  ;  R.  571) : 


rnCONH,         NOOH 

^  WNH. .  HQ                                                             I  CO-NH  3^„„. 

Ui]CO .  OC,H.  NOOH   ^  ^  „   r  COOC,H.    NH,  «    *^N  =  N       *»^**«- 
2JNH,.Ha            ^^•"♦1n  =  n.ci 
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m-  and  pAmufodeHZinc  Acids  melt  at  173^  and  at  186^. 

Oirysanisic  Acid^  3,S-Dinitro-4-ainidobenzoic  acid,  (NO,),(NH,)  .  C^H,CO,H,  melt- 
ing at  259®,  consi&ts  of  golden  yellow  leaflets,  and  is  prodaced  when  3,5-dinitro-4- 
methoxybenzoic  acid  is  heated  with  aqueous  ammonia. 

Diamidobenzoic  Acids,  (NH2),CgH,CO,H,  are  prepared  by  reducing  tbedinitio- 
and  the  nitroamidobenzoic  acids.  They  break  down  in  dry  distillation  into  caiboo 
dioxide  and  phenylenediamines  (p.  94).  Like  the  o-phenylenediamines  (p.  95),  the 
diamidobenzoic  acids,  containing  two  amido-groups  in  the  ortho- position  with  reference 
to  each  other,  readily  yield  hetero-cyclic  derivatives — e.  g.^  nitrous  acid  converts  3,4* 
diamidoI>enzoic  acid  into  ^^^'azimidobemzoic  acid  (B.  15,  I080)  (p.  96).  The  ni,p-aiid 
the  p,m-amidouramidobenzoic  acids  yield  two  different  uramidoazimidobenzoic  acids, 
which  afford  the  same  azimidobenzoic  acid  by  saponification  (B.  29,  R.  586). 

3,4,5- 7riViwiV/(!7^«/5oiV  Acid^  (NH,),.  C,H, .  CO,H,  from  chrysanisic  acid  by  reduc- 
tion, breaks  down,  when  heated,  into  CO,  and  1 ,2,3-triamidobenzene  (A.  163,  12). 
2y'^,$-Tnamidobenzoic  Acid  {li.  15,  2199). 

Many  amido-acids,  derived  from  alkyl-benzoic  acids,  are  known ;  also  haloid  amido- 
acids,  nitro-amido- acids,  etc. 

Amidophenyl-fatty  Acids  are  obtained  from  the  nitrophenyl-fatty 
acids.  Certain  o-amidophenyl-fatty  acids  are  particularly  noteworthy 
because  of  their  tendency  to  form  inner  anhydrides:  Y'  or  d-lactam 
(i,  359),  which  is  so  great  that  the  corresponding  free  o-amido-acids 
are  not  capable  of  existing — e.  g.^  o-amidophenyl-acetic  acid  and 
o-amidophenylhydrocinnamic  acid. 

m-  and  i^-Amidophenyl-acetic  Acids  melt  at  149**  and  200°. 

iti- zxi^p-Amidohydrocinnamic  Acids  *^*-   •*     84®    "     13I**. 

^-Amido-ynitrohydrocinnamic  Acid,  from  p-acetamidohydrocinnamic  acid,  melts  it 
145°. 

\i- A  mtdohy  drat  topic  Acid,  melting  at  1 28®,  is  converted  into  phloretic  acid  (A.  217 
267)  by  nitrous  acid. 

>-  and  c5- Lactams  of  the  o- Amidophenyl-fatty  Acids. — Anthranil  can  be 
regarded  as  the  simplest  o-amido-acid  lactam.  However,  its  constitution  has  not  been 
sati>factorily  established,  and  it  has  not  been  obtained  from  anthranilic  acid.  The  next 
higher  humologues  are : 

Oxindol,  the  lactam  of  oAmidophenyl-acetic  Acid,  C,H^  |  t^]  nH*  ^^'  melting  at 
120°,  is  obtained  by  the  reduction  of  o-nitrophenyl-acctic  acid  with  tin  and  hydro- 
chloric acid,  and  from  dioxindol  with  sodium  amalgam.  If  heated  to  150°  with  baryta- 
water  it  is  converted  into  the  barium  salt  of  o-amidophenyl-acetic  acid,  from  whidi 
oxindol  is  separated  by  acids  (B.  x6,  1704).  Nitrous  acid  converts  it  into  isatoxime 
(see  this). 

ffllCH  CO 
Oxindol  boiled  with  acetic  anhydride  y\t\f\s  Aceto-oxindol,  C^H^'jfjiN  ^  , 

melting  at  1 2(>^.  It  dissolves  to  aceto-o-amidophenyl-aceticacid,  CH, .  CO .  NH  .  C,H^  .- 
CHj .  CO,^H ,  melting  at  142°.  Heated  with  alkalies  or  acids  it  breaks  down  into  oxindol 
and  acetic  acid. 

y-Amidooxindol,  NIIj .  CgHgNO,  melting  about  200®,  is  formed  by  the  reduction  of 
2,4-dinitroi>henyl-acetic  acid  (p.  21 1)  with  tin  and  hydrochloric  acid.  If  ammoniam 
sulphide  be  used  as  the  reducing  agent,  the  product  will  be  ^-Amido'2-nitrophenyl-acetic 
acidy  melting  at  185°  (B.  14,  824) ;  compare  o-nitrophenylisonitroso-acetic  acid. 


.H.{[ysi^^.^!!!L^°.— 


119°. 

Hydrocarbostyril,  lactam  of  Amidohydrocinnamic  Acid,  melting  at  163®,  is  formed 
by  the  reduction  of  o-nitrohydrocinnamic  acid  with  tin  and  hydrochloric  acid  (Glaser  and 
Buchanan,  1869)  (B.  15,  2103),  and  by  heating  hydrocarbostyril -carboxylic  acid,  result- 
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lirom  tbe  reduction  of  o-niUobenzylmalonic  acid  (B.  ag,  667).     Hydrocarbostyril 
the  same  relation  to  quinoline  that  oxindol  bears  to  indol : 

([ilCH,  .CH,  f  [ilCH  =  CH 

^Amidohydrocarbostyril^  NH,C,H,NO,  melting  at  211°,  is  formed,  together  with 
4-amido-2-nitroh]rdrocinnamicacid,  melting  at  139^,  from  2,4-dinitrobydrocinDamic  acid. 

5.  Diazobenxoic  Acids  (p.  98)  are  produced  from  the  mineral  acid  salts  of  the 
amidobenzoic  acids  with  nitrous  acid,  just  as  the  ordinary  diazo-bodies  are  obtained  from 
the  aniline  salts.  Nitrons  acid  converts  the  amide  of  o-amidobenzoic  acid  into  benzaz- 
imide  (p.  213).  Nitraies  of  the  three  diazobenzoic  acids  are  produced  from  the  nitrates 
of  the  three  amidobenzoic  acids.  They  explode  violently  on  the  application  of  heat. 
The  perbromides  of  the  three  diazobenzoic  acids  are  also  known.  When  the  nitrates 
are  boiled  with  water  they  yield  oxybenzoic  acids ;  the  sulphates  are  converted  by  haloid 
adds  into  haloid  benzoic  acids  (B.  z8,  960).  The  free  diazobenzoic  acids  are  very  un- 
stable. The  diaxide  of  anihranilic  acid^  C^H^  {  f  liN  '^^'  consists  of  white,  glistening 
needles.     It  is  obtained  when  the  chloride  is  acted  upon  with  silver  oxide  (B.  29, 

1535)- 

6.  Diasoamidobenxoic  Acids  (p.  106)  are  formed  when  nitrous  acid  is  conducted 
into  the  alcoholic  solution  of  the  amidobenzoic  acids.  Diazo-m-amidobenzoic  Acid. 
CO,H[i]C,H^[3]N  =  N  —  NH[3^]CeH4|;i^]CO,H,  is  an  orange-red  powder.  Hy- 
drofluoric acid  converts  it  into  m-nuorbenzoic  acid  (p.  114) : 

CO,H[i]C.H,[3]N=^  ^^^  ^  C0,H[i]C.n,[3]Fl  ^ 

C0,H[i]C.H,[3]NH-^     "^  C0,H[i]C,H,[3]NN,HFl  "^     *' 

N 

7.  Diazoimidobenzoic  Acids,  u  >N .  C^H^CO,!!  (p.  no),  result  upon  letting  am- 
monia act  upon  the  perbromides  of  diazobenzoic  acids,  or  when  hydrazine-l>enzoic  acids 
are  treated  with  nitrous  acid.  The  o-body  melts  about  70°  ;  the  meia  at  160°,  and  the 
p-compound  at  185°  (B.  9,  1658). 

N .  QH.CO.H 

8.  Azozybenzoic  Acids,  0<  1  ,  are  formed  in  the  reduction  of  tbe 

nitrobenzoic  acids  with  alcoholic  potash  (p.  in).     The  o-derivative  is  also  produced 
when  n-oxyindolcarboxylic  acid  (see  this)  is  oxidized  with  alkaline  potassium  perman- 
ganate (B.  17,  1904;  24,  R.  666;  29,  656). 
N.C-H4.CO,H 

9.  Azobenzoic  Acids,  1  The  action  of  sodium  amalgam  upon  the 

N .  C^H^ .  COjH 
SKmonitrobenzoic  acids  produces  these  acids. 

Azobenxent-'^'monocarboxylic  acid  has  been  obtained  from  amidoazobenzene  (B.  19, 
3022).  0-,  m-,  and  p- Azobenzoic  acids  are  decomposed  on  fusion.  Atophenylene  or 
pkenatiue  is  formed  when  the  calcium  salts  are  distilled. 

10.  Hydrazine-benzoic  Acids. — The  symmetrical  hydrazoben- 
zoic  acids  result  when  the  azobenzoic  acids  are  reduced  with  sodium 
amalgam,  or  with  ferrous  sulphate  and  sodium  hydroxide.  o-Hydrazo- 
benzoic  Add  melts  At  205®.  m-Ifydrazodcnzoic  Acid,  COiV{[^']C^li^[^i'\ 
NH .  NH[i']QH4;3']CO,H.  These  two  acids,  when  boiled  with  hydro- 
chloric acid,  rearrange  themselves  to  diamidodiphenyldicarboxylic  acids 
(see  these).  The  rearrangement  of  the  m-acid  into  p-diamidodiphenic 
acid  is  of  importance  for  the  proof  of  the  constitution  of  diphenic  acid 
(see  this),  and  consequently  that  of  phenanthrene. 

0-,  m-,  and  ^Hydrazine-benzoic  Acids,  NHj.NH  .C^H^.CO^,  x^- 
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suit  when  the  hydrochlorides  or  nitrates  of  diazobenzoic  adds  are  re- 
duced.    Thionyl  aniline  converts  them  into  o-,  m-,  and  ^bensmc-adi 
thionyl  hydrazoneSy  melting  at  155®,  231®,  and  258®  (B.  27,  2555). 
o-Hydrazine-benzoic  acid,  when  heated,  changes  to  a  lactam  of  o- 

hydrazine-benzoic  acid^  ^^^Vi^^^^^^^VDi^^Ti%  at  242®  with  decom- 
position (A.  2x2,  333). 

1 1 .  Sulphobenzoic  Acids.— On  conducting  the  Tapors  of  SO,  into  bouoic  add,  we 
obtain  as  chief  product  m-SulphobenMoU  Acid,  and  in  smaller  amount  ^SmlpkoUmtk 
A.U{h.  178,279). 

Tlie  three  isomerides  can  be  obtained  by  oxidizing  the  three  tolaene  nlphonic  addi 
with  an  alkaline  solution  of  potassium  permanganate  (p.  192). 

If  the  toluene  sulphamides,  instead  of  the  free  acids,  be  subjected  to  similar  ozidatioe, 
the  m-  and  p- toluene  sulphamides  yield  m-  and  p-sulphamine-benzoic  acids ;  whereis  the 
o-toluene  sulphamide  changes  to  benzoic  sulphinide,  or  anhydrosulphamine-benzoic  add, 
called  saccharin  (B.  13,  469).  Hydrochloric  acid  reconverts  this  at  150^  into  o-solpho- 
benzoic  acid. 

o-Sulphobentoic  Acid  when  anhydrous  melts  at  250°.  In  deportment  it  recalls  phthalk 
acid  (see  this).  It  forms,  for  example,  phthalelns,  an  anhydride  and  an  imide.  PG| 
produces  two  dichlorides,  melting  at  22^  and  76®,  which  probably  have  the  fonnalas 

Cell^lso^^^iand  CeII,|^^^^  (B.   29.    R.   355)-      oSulpkobenzaU   Ankydridi, 

CqII^  I  I  2ISO  ^^'  melting  at  1 18^,  is  obtained  from  the  acid  by  the  action  of  acetyl 

chloride.     The  nitrite^  o-cyanbenzene-sulphonic  aciJ^  C5ll4(CN)SO,H,  is  obtained  from 
the  o-aniline  sulphonic  acid  (p.  137)  through  the  diazo-compound  (B.  a8,  R.  751). 

oSitlphamint'hettioic  Acid,  S(),NlI,[2]CjH4[l]CO,II,  melts  at  1 53- 1 55®,  changing 
at  the  same  time  into  the  sulphinide.  It  is  produced  by  oxidizing  o-toluene  sulphamide 
with  )x)ta>sium  ferricyanide  ( H.  19,  R.  689),  and  from  its  inner  anhydride  by  digesting 
wiih  cau>tic  soda.  \somtT\c  o-McnzamidesuIphofiic  acid^  CjH^(CONH,)SO,H  (B.  29, 
K.  102),  is  formed  when  sulphobenzoic  acid  is  fused  with  ammonium  sulphocyanide 
(H.  29,  K.  102). 

o-Anhydrosulphamine-benzoic  Acid,  Benzoic  Sulphinide^  ^^4  {  K ISO  ^  ^'^' 

calK-d  saccharin,  melts  at  220^.  It  was  discovered  in  1879  by  Ira  Remsen  and  C. 
I'ahlberg.  lis  preparation  was  given  alx>ve.  This  com})ound  is  now  made  technically 
in  very  lar^e  quantities.  It  is  used  for  sweetening  purposes.  It  is  5cx>  times  sweeter 
than  cane-sugar.  It  dissoK-es  with  difiicuUy  in  cold  water,  and,  like  succinimide 
and  phthalimide,  behaves  like  a  strong  acid,  forming  imide-salts.      The  sodium  salt, 

^  «''*'!  r2  ISO  ■  ^'^^'  ^"^  ^'^O'  readily  soluble  in  water,  and  is  400  times  sweeter  than 
canc-su^nr.  It  is  readily  transposed  by  such  haloid  derivatives  as  benzyl  chloride  and 
acetyl  chloride  to  N-derivatives  of  saccharin  (B.  25,  1737  ;  29,  1048). 

Q- Sulphobenzoic -anil  ^  C^  11^  <  ) '//>  N  .  CjITj,  melting  at  190®,  results  from  the  action 
of  aniline  upon  the  chlorides  of  sulphobenzoic  acid  (B.  29,  R.  353).  Phosphorus  penta- 
chloride  converts  saccharin  \x\\.o  pseudosaccharin-chlonde^  C^II^  <  ^^»  ™clting  at 

I49«>  (B.  29,  2995). 

All  sulpho-acids  containing  the  sulpho-group  in  the  o-position  with  reference  to  the 
carl)oxyl  group  of  an  alkylbenzoic  acid  are  capable  of  forming  sulpkinides  or  sulpho- 
carhonimidci  (B.  25,  1737). 

'^^^- Disulphohenzoic  Acid  is  produced  by  sulphonating  benzoic  acid  with  HjSO^  and 
l\()j  (B.  27,  K.  118).  2A-Disulpkobenzoic  Acid  is  obtained  from  2,4-toIuene-disulphonic 
acid  (B.  14,  1205). 
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(I  f>).   MONOHYDRIC   OXYPHENYL-PARAFFIN   ALCOHOLS   AND 
THEIR   OXIDATION    PRODUCTS. 

s.  MONOHYDRIC  OXYPHENYL-PARAFFIN  ALCOHOLS,   OR   PHENOL 

ALCOHOLS. 

These  alcohols  contain,  in  addition  to  the  alcoholic  hydroxyl,  other 
hydroxyl  groups  joined  to  the  benzene  nucleus,  which  impart  to  them  the 
character  of  phenols.  Some  of  the  alcohols  of  this  group  are  simple  trans- 
position products  of  long-known  plant  substances. 

Formation, — Some  of  the  methods  described  under  the  benzyl  alcohols 
also  lead  to  phenol  alcohols  : 

(1)  The  reduction  of  corresponding  aldehydes  and  ketones. 

(2)  The  treatment  of  aldehydes  with  caustic  alkali. 

(3)  The  action  of  sodium  amalgam  upon  amides  (B.  24,  175). 

(4}  They  are  linked  to  the  benzyl  alcohols  through  the  amidophenyl- 
paraffin  alcohols,  which  nitrous  acid  converts  into  oxyphenyl-paraflin 
alcohols. 

(5)  NttcleuS'Synthesis :  Methylene  chlorides  (B.  13,  435)  or  formalde- 
hyde and  sodium  hydroxide  (B.  27,  241 1 ;  J.  pr.  Ch.  [2]  50,  225)  change 
phenols  into  phenyl  alcohols. 

Monoxybenzyl  Alcohols,  HOCeH* .  CH,OH.— The  three  theo- 
retically possible  isomerides  have  been  prepared.  They  result  when  the 
corresponding  aldehydes  are  reduced  with  sodium  amalgam.  Saligenin^ 
or  o-Oxybenzyl  alcohol,  is  the  best-known  member  of  the  group : 

o-Oxybenzyl  Alcohol  melts  at  82°. 
m-Oxybenzyl         "         "  67**. 

p-Oxybcnryl        **         **        Iio*». 

Saligenin,  or  o-Oxybenzyl  Alcohol,  was  first  obtained  in  the  decom- 
position of  the  glucoside  salicin(?ict  this)  by  means  of  emulsin,  ptyaline, 
or  dilute  acids  (Piria,  1845  >  ^'  5^>  37)  • 

C;H,i04  . 0 .  CH^ .  CH, .  OH  -I-  H,0  =  HO  .  CgH, .  CH, .  OH  -f  C^H^Oe 
Salicin  Glucose. 

Saligenin  has  also  been  prepared  by  the  common  methods  from  sali- 
cylaldehyde,  salicylamide,  o-amidobenzyl  alcohol,  and  phenol.  It  is 
soluble  in  hot  water,  alcohol,  and  ether.  Ferric  chloride  produces  a  deep 
blue  color  in  its  solutions.  Acids  resinify  it,  forming  saliretin  (/5iyT«Viy, 
resin).  Ethers  and  substitution  products  of  saligenin  are  known.  These 
have  been  made  in  part  from  the  corresponding  salicyl-derivatives. 

o-Oxybenzylamine,  Salicylamine,  melts  at  121°  (B.  23,  2744). 

^OxyphenyUthylamine,  see  tyrosine  (see  this). 

Anisyl  Alcohol,  p-Methoxybenzyl  Alcohol, CH,0[4]CeH«[i].CH, .  OH,  is  obtained 
from  aoisic  aldehyde  by  alcoholic  potassium  hydroxide.  It  melts  at  45^  and  boils  at 
259^.     It  forms  anisic  aldehyde  when  oxidized. 

i^Homosaligenin,  CH,[5lC;H,r2](OH)CH,  .  OH,  melts  at  105°. 


fii.  CH,[51C;H^2](0H)CH,  .  OH,  I 
A  C.H,  {  j^jCHtCH,  ^  j^„.„g  ^  , 


Hydrocumarone,  CJA^  \  r  2  lO         '     * '  boiling  at  188®,  is  the  inner  anhydride  of  o- 
oxyphenyl-ethjl  alcobol,  doC  known  in  the  free  state.     It  b  formed  when  sodium  m  «k.^ 
11—19 
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ho]  acts  upon  cumuone  (B.  25,  2409).     p-  TkymoHn  Aleokoi^  ^IIs[2]C;iIf [5]C^H,[4]- 
OHfijCH, .  OH,  incite  at  120®  (B.  27,  2412). 

Dioxybenzyl  Alcohols  are  not  known  in  a  free  condition,  but  derivaliTes  of  2,5- 
dioxy-  and  of  3,4-dioxybenzyl  alcohol  have  been  obtained  in  the  redaction  of  ceitain 
aldehyde -ethers  with  sodium  amalgam.     Diwuthyl-gentisin  AUohoi^  (CHsO)i[2,5]C^- 


lL[i]ClI,.01I.l)oilsat278» 


Vanillyl  Alcohol,  CH,0[3]UOr4]C,H,[i]CH,  .  OH,  from  nuiinin,  melts  at  II5«. 
Piperonyl  Alcohol,  CH,<q[31  I  C,H,[i]CH,  .  OH,  Inmipiperon^ 
o  Dioxybenzylamine  melte  at  168^  (B.  27,  1799). 

s.  AROMATIC  OXYMON-ALDBHYDB8.  PHBNOL  ALDBHYDB8. 

The  phenol  aldehydes  are  obtained  (i)  by  oxidizing  the  phenol  alcohob 
with  chromic  acid;  (2)  by  an  important  nucleus-synthetic  method, con- 
sisting in  letting  chloroform  and  an  alkaline  hydroxide  act  upon  phenols 
(reaction  of  Reimer)  when  the  chloroform  enters  the  o-  and  p-position 
with  reference  to  the  phenol  hydroxyl,  and  is  then  converted  into  the  al- 
dehyde group  (B.  9,  1268): 

CjL\ .  OH  -f-  CHCl,  -f-  4KOH  =  C,H,<^[5q  +3Ka  +  3H,0. 

Behavior, — All  the  phenol  aldehydes  show  the  same  reactions  of  the 
aldehyde  group  as  the  benzaldehydes.  Oxidizing  agents  convert  them 
with  difliculty  into  oxyacids ;  this  is  most  easily  accomplished  by  fusion 
wiili  caustic  alkalies.  They  reduce  an  ammoniacal  silver  solution,  but 
not  the  Rhling  solution.  They  dissolve  in  alkalies,  forming  salts— ^.  ^., 
CfiH^CCHO)  .  OXa ;  the  alkyl  iodides  convert  the  latter  into  alkyl  ethers. 

a.  Monoxybenzaldehydes,  HO .  CeH4.  CHO. — Three  are  possible 
according  to  theory ;  all  of  them  are  known.  Anisic  aldehyde,  the 
methyl  ether  of  p-oxybenzaldehyde,  has  been  known  for  the  longest 
period. 

Salicylic  Aldehyde,  o-Oxybenzaldehyde,  formerly  called  saiicylousoi 
spiroylous  acid,  boils  at  196°.  Its  sp.  gravity  equals  1.172  (15®).  It 
occurs  in  the  volatile  oils  of  the  different  varieties  of  Spiraa^e.  ^., 
Spinca  ulmaria.  It  is  obtained  by  the  oxidation  of  saligenin  and  salicin 
(Piria,  1839)  and  by  the  decomposition  of  helicin,  an  oxidation  product 
of  salicin  (see  this).  It  is  most  readily  prepared  (together  with  p-oxy- 
benzaldehyde) by  the  action  of  chloroform  and  caustic  potash  upon 
phenol.  It  is  separated  from  the  p-body  by  distillation  in  steam,  in 
which  salicylic  aldehyde  is  very  volatile.  It  is  rather  easily  soluble  in 
water  ;  the  solution  is  colored  a  deep  violet  by  ferric  chloride  (compare 
saligenin,  p.  217,  and  salicylic  acid,  p.  222).  Like  all  ortho-oxyalde- 
hydcs,  it  colors  the  skin  an  intense  yellow.  Sodium  amalgam  transforms 
it  into  saligenin  ;  oxidizing  agents  change  it  to  salicylic  acid. 

Potassium  salicvlic  aldehyde,  CjTT^(OK)CnO  -f  H-0,  consists  of  yellow  plates.  The 
methvl  ether,  C^H^(0 .  CH,') .  CHO,  melts  at  35**  and  boils  at  238®  ;  the  ethyl  ether  boils 
at  248®.  The  acet-derivathe,  CH,.  CO.  O .  C^H^ .  CHO,  melts  at  37®  and  boils  at 
253°.  Glucose  detivative,  see  I/eluin.  o-Aldehydophenoxy-acetic  acid,  C(>,H  .  CH,0- 
[2]<  '^n^filCllO,  mcltinjT  at  132°,  splits  off  water  and  l)ecoroes  coumarilic  acid  (sec  this). 
Salicyl  aidoxime  melts  at  57°;  comp.  B.  22,3320.     %i-Ani5aldoxime,iZ\\f>  .\z\CJl\^' 
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[l]CH  :  N(OH);  melU  at  92^  (B.  23,  2741).  T\ie phenylhydrazone  melts  at  I42<>  (B. 
tS,  1660). 

Coosalt  B.  22,  2339,  npon  the  nitrosalicylaldehydes. 

m-Oxybenzaldehyde  results  in  the  reduction  of  m-oxybenzoic  acid  with  sodium 
■m^lgam  ^B.  14,  969)  and  from  m-nitrobenzaldehyde  (B.  15,  2045).  It  melts  at  I04<* 
and  boils  at  240^^.  lu  oxime  melts  at  87°.  Its  hydratone  melts  at  130^  (B.  24,  826). 
Its  nitration  produces  three  mononitro-compouods.  See  B.  z8,  2572,  for  the  nitro-m- 
methozybenzaldehydes. 

p-Ozybenzaldehyde  is  formed  from  phenol,  chloroform,  and  caustic  alkali,  together 
wiUi  salicylic  aldehyde.  It  melts  at  Il6°,  and  sublimes.  Its  aldoxime  melts  at  65° ;  its 
hydratone  at  178®.  Consult  B.  29,  2302,  2355,  for  the  haloid  p-oxybenzaldehydes.  Its 
methyl  ether,  readily  accessible,  b  the  so-called — 

Anisic  Aldehyde,  p-Methoxybenzaldehyde,  CH,0[4]CeH4[  i]- 
CHO,  boiling  at  248®,  with  sp.  gr.  1.123  (15®).  It  results  in  oxidizing 
anethol  (see  this),  present  in  various  essential  oils  (anise,  fennel,  etc.), 
with  dilute  nitric  acid  or  a  chromic  acid  mixture. 

Homologous  Monoxybenzaldehydes  have  been  prepared  from  various  phenols  by 
Reimer's  method  (p.  218).     Thus  : 

M.P.    B.P. 
o-Cresol     .   .    .  gave  o-Homosalicylic  Aldehyde,  17**  208°  \  /g  «-  1667^ 

o-Homo-p-oxybenzaldehyde,        115°  j  V^*  a4>  3007^. 

m-Cresol     ..."  m-Homosalicylic  Aldehyde,  54°  222°. 

m-Homo-p-oxybenzaldehyde,       110° 
p-Crcsol     .    .    .     •*  p  Homosalicylic  Aldehyde,  56°  217°. 

Piseudocumenol  "     [3,5,6]-Trimethyl  Salicylic  Aldehyde,  105**  (B.  18,2656). 

Thynool  ..."  p-Thymolin  Aldehyde,  133°  (B.  16, 2097). 

Carvacrol,  .    .     "  p-Carvacrotin  Aldehyde,  liquid  (B.  19, 14). 

p-Isobutylphenol   "  p-Isobulyl  Salicylic  Aldehyde,        "     252**  (B.  28,  R.  468). 

The  o-oxybenzaldehydes  are  more  readily  soluble  in  water  and  more  sparingly  soluble 
in  chloroform  than  the  p-oxybenzaldehydes.  The  o-bodies  are  volatile  in  steam,  form 
sparingly  soluble  sodium  bisulphite  derivatives,  and  are  colored  yellow  by  ammonia  ( B. 
XX,  770)  ;  compare  coumarines. 

b.  Dioxybenzaldehydes. — Some  of  the  dioxybenzaldehydes  which 
have  been  prepared  by  the  chloroform-potash  reaction  are  ethereal  de- 
rivatives of  protocatechuic  aldehyde,  and  are  characterized  by  an  agree- 
able odor.  This  is  especially  true  of  vanillin  and  piperonal^  or  heliotropine. 
Both  substances  are  prepared  on  a  technical  scale : 


rrncHo  f[i]CHO  f[i]ci^ 

^"•{[ip     ^"•{fe'    "•"•1e& 


ICHO 
Protocatechuic  Aldehyde  Vanillin  Piperonal. 


Protocatecbuic  Aldehyde,  ^^-Di&xybemaldehyde^  melting  at  153°  (B.  26,  R.  701), 
was  Ant  obtained  from  piperonal  (Fittig  and  Remsen,  1871);  also  from  vanillin,  iso- 
vanillin,  and  opianic  acid  with  dilate  hydrochloric  acid.  It  is  prepared  in  the  nucleus-syn- 
thetic way  from  pyrocatechin  by  the  chloroform  reaction.  It  dissolves  readily  in  water. 
Ferric  chloride  colors  its  aqueous  solution  a  deep  green  (p.  159).  It  reduces  ammoniacal 
silver  tolations.  Molten  caustic  potash  converts  protocatechuic  aldehyde  into  protocate- 
chuic acid.  Its  ^henylhydratone  exists  in  two  modifications :  a-  (stable),  melting  at 
I76<*,  and  ^-  (unsUble),  melting  at  I2I-I28<^.    Its  oxime  melts  at  150°  (B.  29,  R.  670). 

Vanillin,  Ta-Methoscy-'^'Oxybenzaldehydey  melting  at  80®,  sublimes 
readily,  and  is  the  active  constituent  of  the  vanilla  beau  i^od  ^KaniUa 
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piani/oid),  which  contains  about  two  per  cent.  (B.  g,  1287)  of  it 
Vanillin  also  occurs  in  the  orchid  Nigriteila  suavealens  (B.  27,  3049). 
It  was  first  prepared  artificially  from  the  glucoside  coniferine  (see  this) 
by  its  oxidation  with  chromic  acid  (Tiemann  and  HaarmauD,  1874; 
B.  7,  613).  Glycovanillin  (see  this)  was  obtained  as  an  intermediate 
product  in  the  oxidation  of  coniferine ;  acids  or  eroulsin  split  it  up  into 
glucoses  and  vanillin  (B.  18,  1595,  1657).  Vanillin  is  also  produosdbf 
oxidizing  eugenol  (see  this)  (B.  9,  273).  In  the  nucleus-synthetic  way 
it  has  also  l^n  formed,  together  with  m-methoxyl-salicylic  aldehyde, 
boiling  at  266^,  from  guaiacol,  chloroform,  and  caustic  potash  (B.  14, 
2023). 

I  leated  with  IICl  it  decomposes  into  CH.G  and  protocatechnic  aldehyde.  It  behtfci 
like  a  p-oxybenzaldehyde,  and  protocatechuic  acid  results  on  fusion  with  pocasstniD 
hydroxide— two  facts  from  which  its  constitution  may  be  concluded.  Nascent  hydrages 
converts  vanillin  into  vanillyl  alcohol,  hydrovanilloln,  correqwnding  to  hydiobeDSoIn. 

Vanillinoxime  melts  at  117°  (B.  24,  3654). 

Trithim'amllin,  [C,H,(OH)(OCH,)CSH]3.  melts  at  2360  (B.  ag,  143). 

lso7'aniIIin,  ^-Metkoxy-moxybemaldekyde,  melting  at  1 16^,  smells,  when  heated,  like 
vanilla  and  anise  oil.  It  is  obtained  by  oxidizing  hesperitinic  acid  or  by  heating  opianic 
acid  with  hydrochloric  acid. 

Dimethylprotocatechuic  Aldehyde^  ^H,(0 .  CH,),CHO,  melts  at  about  42^  and  boils 
near283<>  (H.  11.662). 

Piperonal,  Protocatechuic  Aldehyde-methylene  Ether^  Ihlioiropine^  (CH,0,)C^H,' 
C'lIO,  melting  at  37°  and  boiling  at  263°,  was  oUained  by  the  oxidation  of  pipericaod 
(see  this).  It  is  also  formed  by  treating  protocatechuic  aldehyde  with  alkali  andmeihrl- 
one  iudiiie.  Its  o<lor  is  pleasant,  like  that  of  heliotrope.  Piperonylic  acid  results  from 
its  oxidation  and  pii)cronyl  alcohol  from  its  reduction  (p.  218).  Its  oxime  melts  at  ilo°. 
Its  phcttylhYdrazotie  melts  at  1 00°.  PCI5  converts  it  into  pi peronal  chloride^  (CH,0,)- 
CglljCIiaj,  and  di.hlorpiperonal  chloride,  (CC1,0,)  .  CjHjCHCl,,  which  is  changed  by 
coM  water  into  dichlotpiperonal^  (CCIjOj) .  CjH,CHO,  and  with  warm  water  it  yields 
ro^,  I  KM  and  protocatechuic  aldehyde  (A.  159, 144  ;  B.  a6,  R.  701).  BrompipercmaU 
(CH/X.)  .C^irjir.  CHO  (B.  24,  2592).  oXitro-piperonaiyitid^  bidioxymethylene 
indigo  (B.  24,  617).  The  following  bodies  have  been  prepared  from  resorcinol  and  hy- 
droquinonc  by  the  action  of  chloroform  and  caustic  alkali,  just  as  protocatechuic  aldehyde 
was  made  from  pyrocatechin. 

l3h'esorcvl aldehyde,  {\\0)Ji2A\CA\.[i'\CV{0,  melts  at  1350. 
Gentisinalde'hyde,  (HO),[2,5]C^H,[i]CHO,  melts  at  990. 

Dioxyaldchydes  are  also  produced  in  dilute  solutions  when  much  chloroform  and  caustic 
{>otash  are  used.  The  monomethyl  ethers  of  resorcinol  and  hydroquinone,  like  guaiacol, 
each  yield,  u|)on  treatment  with  chloroform  and  potash,  two  aldehydes — one,  comparable 
in  deportment  with  salicylaldehyde,  contains  the  aldehyde  group  in  the  opposition  with 
reference  to  phenol  hydroxyl ;  while  the  other  contains  the  aldehyde  group  in  the  p- 
position,  referred  to  the  free  phenol  hydroxyl  (B.  14,  2024). 

c.  Tri-  and  Tetraoxybenzaldehydes. — Alkyl  ethers  of  these  Ixxlies  have  l)cen 
formed  by  oxidizing  aromatic  plant  derivatives,  containing  unsaturated  aliphatic  side- 
chnins  (B.  16,  2112;   17,  1086;  24,  3818). 

(ilycosyringaldehyde,  an  oxidation  product  oi  syringine  (see  this),  when  treated  with 
emulsin  yields  a  trioxybcnzaldehyde  ether  (B.  22,  R.  107). 

3.  PHENOL   KETONES. 

They  have  been  obtained  (i)  from  amidoketones  (B.  18,  2691)  and  (2)  from  aromatic 
^-ketone  carboxylic  acids  (B.  25,  1308).  The  nucleus-synthetic  methods,  consisting  in 
the  introduction  of  acid  radicals  into  phenols  and  phenol  ethers,  are  better  adapted  for 


PHSNOL  MONOCARBOXYLIC  AClhS,  221 

the  purpose ;  (%)  the  condensatioo  of  phenols  with  elacial  acetic  acid  and  other  fatty 
adds  by  sine  chloride  or  tin  tetrachloride  (B.  14,  1560 ;  23,  R.  43  ;  24,  R.  770) ;  better 
still,  by  phosphorus  ozychloride  (B.  ay,  1983) ;  (4)  from  phenols  by  means  of  acid 
chlorides  (B.  aa,  R.  740^ ;  (5)  from  phenol  alkyl  ethers  and  acid  chlorides  in  the  pres- 
ence of  aluminium  chlonde  (B.  23, 1199). 

o-Oxyiue/ofiAeHome,bo\lmg  at  213^,  is  formed  by  method  2.  ^Oxyacetopkenone^ 
mdting  at  107®,  is  produced  by  method  I.  ^Acetylanisol^  p-methoxyacetophenoDe, 
melting  at  38^^  and  boiling  at  258^,  is  formed  by  method  3.  Propionylphenoly  HOC^II^- 
COQH^,  melting  at  148®,  is  produced  by  method  4. 

Acetopyrocaiechol,  (HO)J34lC,H,[l]CO .  CH„  melts  at  116°  (B.  27,  1989).  Acet- 
vanilloH,  HO[4](CH,0^[3jCH,[i]COCH,,  melting  at  115**,  is  produced  in  the  oxida- 
tion of  aceteugenol,  and  synthetically  from  guaiacol  by  method  5  (B.  24,  2855,  2869). 
Acetoveratron^  (CH,0),C;,H,  .CO>  CH„  melU  at  48°  (B.  27,  1989).  Acetopiperone^ 
(CH,0,)[3,4]C|H,[i]CO.CH„  melting  at  87^  results  on  oxidizing  protocotoln  with 
potassium  permanganate  (B..  24,  2989  ;  25,  1127 ;  26,  2348). 

Reiacetopkmone^  (HO)  J2,4]C^H,ri]CO .  CH„  melting  at  142^,  is  produced  by 
method  3,  and  from  /3-methyIumbellilerone  upon  fusion  with  caustic  potash  (B.  z6, 
21 23 ).     lu  p-methyl  ether— 

Peonol,  CH,0[4](H0)[2]C;H,  .  CO .  CH„  melting  at  45°,  occurs  in  the  root  bark 
of  Paonia  MotUan^  a  ranunculus  from  Japan  (B.  25,  1292).  When  resorcinol  diethyl 
ether  is  acetylated  with  the  aid  of  aluminium  chloride  the  products  are  l^iy^-Resaceto- 
phenone  Diethyl  Eiher^  melting  at  69^,  and  an  isomeric  resacetophenone  with  the  melt- 
ing point  178^  (B.  29,  R.  386).     Consult  B.  29,  R.  674,  for  haloid  resacetophenones. 

^«/iKi-ar//^/^ifm/,  (HO),[2,5]C0H,[i]CO.  CH,,  melting  at  202®,  is  produced  by 
method  2.  VaUrokydroquinoney  (HO),[2,5]C,H,.  CO .  C^H,,  melts  at  115**.  Its 
quinhydrone  results  when  sunlight  acts  upon  benzoquinone  and  valeric  aldehyde  (B.  24, 
1344). 

^tf//-ar^/<i/A/ii<wi/(HO),[2,3,4]q,H,[i]CO.CH„  melting  at  i68*»,  is  formed  by 
method  3  (B.  27,  2737). 

4.  PHENOL  MONOCARBOXYLIC  ACIDS. 

The  aromatic  oxy-acids  containing  hydroxyl  united  to  the  benzene 
nucleus  combine  the  character  of  acids  and  phenols,  hence  are  designated 
phenol  acids.  Should  the  hydroxyl  groups  enter  the  aliphatic  side- 
chains,  we  would  obtain  aromatic  alcohol  acids,  showing  in  their  deport- 
ment very  great  similarity  to  the  oxy-fatty  acids. 

Formation, — A.  From  substituted  car  boxy  lie  acids  y  as  in  the  case  of  the 
phenols :  (i)  Through  the  conversion  of  the  amido-acids,  by  means  of 
nitrous  acid,  into  diazo-compounds  and  then  boiling  the  latter  with  water. 

(2)  By  fusing  the  sulphobenzoic  acids  with  alkalies.  The  haloid  benzene 
carboxylic  acids  react  like  the  sulpho-acids  when  subjected  to  similar 
treatment. 

B.  From  compounds  in  which  the  phenol  hydroxyl  is  always  present. 

(3)  By  fusing  homologous  phenols  with  alkalies,  when  the  methyl  group, 
linked  to  the  nucleus,  will  be  oxidized  to  the  carboxyl  group.  (4)  By  oxi- 
dizing the  sulphuric  or  phosphoric  acid  esters  of  homologous  phenols  and 
then  saponifying  the  resulting  phenol-carboxylic  esters.  (5)  By  fusing 
the  phenol  aldehydes,  difficult  to  oxidir^,  with  alkalies.  (6)  By  convert- 
ing the  phenol  aldoximes  into  oxy-acid  nitriles  and  then  saponifying  the 
latter. 

Nucleus-synthesis :  (7)  By  the  action  of  carbon  dioxide  upon  the  dry 
sodium  salts  of  the  phenols  at  elevated  temperatures,  when  the  carbonic 
acid  generally  enters  the  ortho-position  with  refereuce  to  tVv^  Vv^dxoY^il 
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group.    This  reaction  will  be  more  exhaustively  discussed  in  connection 
with  salicylic  acid. 

(8)  By  boiling  the  phenols  with  carbon  tetrachloride  (i,  387)  and  caustic 
potash  (B.  ID,  2185): 

q,H, .  on  +  ca,  +  5KOH  =  c.u,(^^  +  4x0  +  3H,o. 

This  reaction  is  perfectly  analogous  to  that  of  the  formation  of  oxyal- 
deliydes  by  means  of  chloroform  and  caustic  alkali.  As  a  general  thing 
the  carboxyl  group  enters  the  para-position  with  reference  to  pbcnci 
hydroxyl.     o-Oxy-acids  are  produced  in  smaller  amounts. 

(9^  When  urea  chloride,  phenylisocyanate,  and  phenyl  mustard  oil,  togedier  viih 
aluminium  chloride,  act  upon  phenol  ethers  (or  thiophenol  ethers)  in  ctrbon  disol- 
phide  solution  (A.  244,  61 ;  B.  27,  1733),  the  products  are  amides,  anilidcs,  lod  tbio- 
anilides  of  alkyl  uxy-acids. 

Behavior. — They  are  monobasic  acids.  The  hydrogen  of  the  carboxyl  group  is  tlooe 
replaced  by  metals  when  they  are  acted  upon  with  alkaline  carbonates. 

Their  hydroxyl  hydrogen  can  also  be  replaced  by  alkalies,  forming  basie  sidts— f.^.. 

C-II^^  ^  .    Carbon  dioxide,  however,  will  convert  the  latter  into  nnUrd^^ 

\CO,Na 
11ie  ether  esters  manifest  a  like  deportment,  inasmuch  as  it  is  only  the  alkyl  ester  wfaidi 
is  eliminated,  with  the  production  of  a  salt  of  an  alkyl-ether  acid : 

,0  .  CH,  .0  .  CH, 

CAL(  +  KOH  =  C,H.(  +  CH,  .  OH. 

^CO, .  CH,  ^COjK 

The  o-oxy- acids,  unlike  the  m-  and  p-derivatives,  volatilize  in  aqueous  vapor,  are  colored 
violet  by  ferric  chloride,  and  dissolve  in  chloroform.  The  m-oxy-acids  are  coloied  red- 
dish-brown when  heated  with  concentrated  sulphuric  acid,  with  the  formation  of  oxyan- 
t1ira(|uiiK)nes  (U.  i8,  2142).  They  are  usually  more  stable  than  the  o-  and  p-icids. 
Hoiling  concentrated  hydrochloric  acid  decomposes  the  p-acids  into  carbon  dioxide  and 
]ihen(>ls.  All  the  oxy-acids  decom]K)se  into  carbon  dioxide  and  phenols  when  distilled 
with  lime. 

A.  Motwxy-monO'Carboxylic  Acids, — Salicylic  acid  or  o-oxybenzoic 
acitl  is  by  far  the  most  important  representative  of  this  class.  It  is  ex- 
tensively api)lie(l  both  in  theraf^eutics  and  in  the  color  industry. 

Monoxybenzoic  Acids. — The  three  isomerides  theoretically  pos- 
sible are  known. 

Salicylic  Acid,  o-Oxybenzoic  Acid,  HO[2]C6H4[i]CO,H,  melt- 
ing at  155°,  occurs  in  a  free  condition  in  the  buds  of  Spiraa  ulmaria^  as 
the  methyl  ester  in  oil  of  Gaitliheria  procumbens  (oil  of  wintergreen),  a 
species  of  Ericaccje.  It  is  produced,  by  the  general  methods  of  forma- 
tion, (1)  from  anthranilic  acid;  (2)  from  o-sulpho-,  o-chlor-,  and  o- 
brombenzoic  acids  ;  (3)  from  o-cresol ;  (4)  from  saligenin  and  salicylal- 
dehyde ;  (5)  from  phcnolates  with  CO, ;  and  (6)  with  carbon  tetrachlo- 
ride. 

It  is  also  formed  upon  fusing  coumarin  (see  this)  and  indigo  (see  this)  with  caustic 
potash,  and  in  the  distillation  of  copper  benzoate. 

Technical  Preparation. — Two  methods  of  bringing  sodium  phenolate  and  CO,  in  reac- 
tion are  applicable  for  this  ^lurpose : 

(a)  Sodium  phenoxide  is  heated  in  a  current  of  carbon  dioxide  at  i8o~220°,  when  the 
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btter  is  absorbed.     Half  of  the  phenol  distils  over,  and  the  residue  consists  of  disodium 
liOicylite  (H.  Kolbe) : 

2C,H, .  ON.  +  CO,  =  CsH,/^^*^^+  C.H, .  OH. 

The  behavior  of  potassium  phenolate  in  this  reaction  is  remarkable.  At  150^  dipo- 
tnuum  salicylate  is  produced.  At  a  more  elevated  temperature,  however,  there  is 
fanned  with  the  dipotassiam  salicylate  its  isomeride,  dipotassium  [>araoxybenzoate.  The 
latter  is  more  abundant  in  proportion  to  the  increased  temperature,  until  at  220°  it  is  the 
ide  product.  The  primary  alkali  salicylates,  when  heated,  show  the  following  deport- 
ntni: 

Monosodium  salicylate  at  220°  yields  disodium  salicylate,  phenol,  and  CO, : 

.CO,Na  .CO.Na 

2C,H,<^  =CeH,/  -fC.H,OH4-CO,. 

Mmary  potassium  salicylate  at  220^  yields  phenol,  dipotassium  paraoxybenzoate,  and 

Primaiy  sodium  paraoxybensoate  at  280^  jrields  phenol,  CO,,  and  disodium  salicylate 
0-  pr.  Ch.    [2]    16,  425). 

(6)  Sodium  phenoxide  is  saturated  under  pressure,  in  closed  vessels,  with  carbon 
dioxide,  when  it  is  converted  into  sodium  pbenocarbonate,  C, H^ .  O  .  CO,Na.  By  con- 
tinuing the  pressure  and  applying  a  beat  of  120-130^,  this  salt  is  changed  to  sodium 
salicylate:  HO[2]C0H4[i]CO,Na.  The  second  method  shows  a  complete  transforma- 
tion of  the  phenof. 

History. — Piria  first  obtained  salicylic  acid  in  1838,  when  be  oxidized  its  aldehyde 
with  molten  caustic  potash  (A.  30, 165).  In  1843  Cahours  proved  that  wintergreen  oil 
consisted  almost  entirely  of  methyl  salicylic  ester  (A.  53,  332).  Gerland  in  1853 
showed  that  anthranilic  acid,  as  suspected  by  A.  W.  Hofmann,  could  be  converted  by 
nitrous  acid  into  salicylic  acid  (A.  86,  147).  In  i860  H.  Kolbe  and  Lautemann 
prepared  it  synthetically  from  phenol,  sodium,  and  carbonic  acid  (A.  1x5,  201).  It 
was  Kolbe  who  first  correctly  interpreted  salicylic  acid  to  be  a  monobasic  oxyacid, 
and  in  1874  discovered  that  the  acid  could  readily  be  formed  upon  conducting  carbon 
dioxide  over  dry  and  heated  sodium  pbenate.  It  was  in  this  way  that  he  ascertained  the 
conditions  serving  for  the  production  of  the  acid  upon  a  technical  scale.  R.  Schmidt 
discovered  the  conversion  of  sodium  pbenocarbonate  under  pressure  at  120-130^  into 
monosodium  salicylate  (B.  17,  R.  624). 

Properties  and  Behavior, — Salicylic  acid  crystallizes  from  alcohol  in 
colorless  prisms ;  from  hot  water  in  long  needles.  It  has  a  sweet,  acid  taste. 
It  dissolves  in  400  parts  of  water  at  15°,  and  in  1 2  parts  at  100®  ;  it  is  very 
soluble  in  chloroform.  When  it  is  heated  alone,  salol^  or  phenylsalicylic 
ester,  and  xanthone  (see  this)  are  produced  (A.  269,  323).  Sodium  in 
amyl  alcohol  solution  reduces  it  to  normal  pimelic  acid.  In  this  reac- 
tion the  ring  is  ruptured  and  ketohexamethylene  carboxylic  acid  appears 
as  an  intermediate  product  (B.  27,  331). 

Its  aqueous  solution  acquires  a  violet  coloration  upon  the  addition  of 
ferric  chloride.  It  is  a  powerful  antiseptic,  arrests  decay  and  fermenta- 
tion (Kolbe,  J.  pr.  Ch .  [2]  10,  9),  and  is  applied  therapeutically  both  as 
the  free  acid  and  in  the  form  of  its  sodium  salt  (in  rheumatism  of  the 
joints). 

Salicylates. — Sodium  Salicylate,  HO .  C^H.CO,Na,  is  a  crysUlline  powder  with  an 
unpleasant  sweet  taste.  Batic  Calcium  Salicylate,  (OC,H^CO|)Ca  -f  H,0,  dissolves 
with  great  difficolty,  and  b  precipitated  upon  boiling  salicylic  acid  with  lime-water.  It 
serves  for  the  separation  of  salicylic  acid  from  m-  and  p-oxybenzo\c  acVds. 
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Esters,  Ethers,  and  Ether  Esiers.^Biethyl  Ester,  HO .  C^H^ .  OOL  .  CH^  boOiiig  it 
224^,  with  sp.  gr.  1. 197  (o^),  is  the  chief  ingredient  of  wintergreen  oil  (finm  GetsUtiuria 
procumbens).    It  occurs  in  many  diflfinent  plants  in  the  form  of  a  gincoaide  (B.  29, 

R.5"). 

When  the  methyl  ester  is  digested  with  an  alcoholic  solution  of  potassium  hydroxide  and 

^OCH. 
methyl  iodide,  we  get  the  dimethyl  ester,  C^H^ .  ^  ,  boiling  at  245®.   Boiled  with 

NCOj  .  Crl| 
potassium  hydroxide  it  is  saponiBed,  jrielding  methyl  alconol  and  methyl  salicylic  add, 

^\\\/  ',  melting  at  98^.     It  decomposes  into  carbon  dioxide  and  anisol  whea 

heated  to  200^. 

Phenol  Salicylic  Ester,  Salol,  HO .  C.H« .  CO, .  C^H^,  melting  at  43°  and  boiliiig 
at  172°  (12  mm.),  results  on  heating  salicylic  acid  alone  to  200-220®,  with  the  eliaii- 
nation  of  water  and  carbon  dioxide  ;  from  salicylic  acid,  phenol,  and  POCl, ;  from  poly- 
sal  icy  lide  on  heating  with  phenol,  or  when  phosgene  acts  upon  the  sodium  salts  of  aU- 
cylic  acid  and  phenol.  It  is  applied  as  an  antiseptic.  It  changes  to  xanthome  (see  this), 
or  dipbenylene  ketone  oxide,  when  it  is  heated.  When  sodium  salo!,  C^H4(ONs).- 
CO,  .  t'jlls  (from  salol  and  sodium),  is  heated  to  280-300®,  it  changes  to  the  isooeiic 
sodium  salt  o{ phenyisalicylic  acid,  CJtl^ifi.QJd^  .  CO,H,  which  melts  at  113®,  and 
is  not  colored  by  ferric  chloride. 

Thiosalol,  HO .  C^H^COSC.H^,  melting  at  54®,  results  upon  heating  salicylic  acid  and 
thiophenol  with  VQ\  or  POCI,.  PhenyUhiosaHcytic  Acid,  C;H4SC,H4C0,H,  melts  U 
166®  (A.  263,  2).     See  Thioxanthone. 

Aceto'salicylic  Acid,  CHjCO .  O .  C,H^  .  CO.H,  melts  at  1 18». 

Salicyl  Chloride y  HO.  C,H^COCl,  is  not  known.  It  is  true  that  PQj  acts  very 
energetically  upon  salicylic  acid,  but  the  resulting  phosphoroxycbloride  is  transposed  by 
the  phenol  hydroxyl,  with  evolution  of  hydrochloric  acid: 

r  Ti    f  [ilCOOH     PCl6_.    p  „    f  [1ICOCI    POCI,  /  [ilCOa 

^«"*  \  [2J0H  ^  ^e"*  \  [2JOH  ^  ^e"*  \  [2JOPOa,' 

and  there  results  : 

oChlorcarbonylphenyl-orthophosphoric  acid  dichloride,  melting  at  168®  (ll  mm.).  If 
the  rCl^  continues  to  act,  this  compound  will  exchange  an  oxygen  atom  for  two  chlorine 
atoms,  and  o-  Trichlormethylphenyl-orthophosphoric  acid  dichloride,  (^U^)^[?]^^4" 
[i]CCl,,  boiling  at  178°  (II  mm. )  will  be  formed.  When  this  is  heated  with  rClj  in  a 
sealed  tube  to  180°,  there  results: 

oChlorbenzotri chloride,  Cl[2]C,H4[l]CClj,  melting  at  30°  and  boiling  at  130^ 
(II  mm.)  (A.  239,  314).  m-  and  p-Oxybenzoic  acids,  as  well  as  m^  and  p-cresotiaic 
acids,  Ixfhave  similarly. 

If,  however,  the  hydrogen  atom  of  the  phenol  hydroxyl  is  replaced  by  the  methyl  or 
acetyl  group,  then  PCI5  produces  the  chlorides : 

Methyl  Salicyl  Chloride,  CH3()[2]C,H4[i]COCl,  boiling  at  2540,  and  Acetyl  Salicyl 
Chloride,  CH3CO,[2]C5lI^[i]CC)Cl,  melting  at  43**  and  boiling  at  135**  (12  mm.). 

When  halogen  atoms,  nitro  groups,  or  methyl  groups  are  introduced  into  salicylic  acid, 
and  then  occupy  the  o-ix)sition  with  reference  to  the  phenol  hydroxyl,  the  latter  will  be 
protected  by  them  from  the  attack  of  the  phosphorus  oxychloride.  Consequently,  in 
the  action  of  PCI5  free  oxychlorides  will  !«  produced : 

o-Cresotinic  Chloride,  HOr2]C,Hs[3]CHj[i]COCI,  melting  at  28<»;  yChlorsaHcyl 
Chloride,  melting  at  63°  ;  i^ySyDichlorsalicyl  Chloride,  melting  at  79°,  and  [3,5]- 
Dichlomitrosalicyl  Chloride,  melting  at  70°  (H.  30,  221). 

The  influence  of  substituents  in  the  vicinity  of  the  phenol  hydroxyl  group  is  manifested 
in  other  ways,  as  in  that  of  the  esterification  of  [2,6] -substituted  benzoic  acids  with 
alcohol  and  hydrochloric  acid  (p.  197). 

UiiCOO 
2^0 >PC1,  melting  at  30®  and  boiling  at 

167^  (11  mm.),  is  readily  formed  when  PCI,  acts  upon  salicylic  acid  at  70^  (A.  239, 
301).     All  substituted  salicylic  acids  react  similarly  (B.  30,  221). 
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O.C.H,.COO.C.H,.CO 

Saluylide  or  Tetrasalicylide,  \  ^  ^  ^  ^^  C  H  A  '  ™^^'*°^  ^^  ^^°'  *°^  ^'''^-^" 
naBcyUde^  (CfH^O,)x,  melting  at  322-325^,  are  prcxiuced  when  POCl,  acts  upon  sali- 
cjlk  mcki  in  xylene  solution.  The  two  compounds  are  separated  by  means  of  boiling 
diloioform,  with  which  the  tetrasalicylide  forms  a  compound,  Salicylide  Chloroform^ 
(CyH^O,)4 .  2CHCI,,  crystallizing  in  beautiful  quadratic  octahedra,  which  contain  "^i  per 
cent,  of  chloroform  loosely  combined  as  chloroform  of  crystallization.  This  body  has 
been  used  technically  in  the  preparation  of  pure  chloroform  (AnschQtz,  A.  273,  94). 
o-Cresotinic  acid  and  the  o-haloid  salicylic  acids  behave  similarly. 

SaHcylamidt,  HO .  C^H^ .  CONH,,  melts  at  I38<»  (B.  24,  138).  Salicylanilide, 
CgH4(OH)CONHC0ll5,    changes,     when    heated    in    dry    condition,    to    acriJone, 

C^H4<[m^u>C,H4.     It  is  very  probable  that  it  is  at  first  rearranged  into  phenyl  anthra- 

nilic  add  (p.  213)  (B.  29,  1189).  Salicylo-nitrile ,  HO .  C,H^.  CN,  melting  at  98°,  is 
obtained  from  salicylaldoxime  and  acetic  anhydride  TB.  26,  2621 ;  27,  R.  134). 

SmkitUuied  Salicylic  Acids. — The  5-derivatives  of  the  mono-substitution  products  are 
the  most  readily  prepared.  3-DeriTatives  are  formed  simultaneously.  Of  the  disubstituted 
salicylic  acids  the  3,5-derivatiTes  are  made  with  the  most  ease.  In  them  the  substituents 
enter  the  op-position,  referred  to  phenolhydroxyl.  $-Chlor-^  $'drom-,  5-1W-,  and  S-nilro- 
saHcy/if  acids  melt  at  172®,  164°,  196**,  and  228°.  s-CAlor-,  ^-brom-,  yiod-,  and 
\nitrosalicylic  acids  melt  at  178®,  220®,  I93*»,  and  125®.  ^y^-Dichlor-^  -^^^dibrom- , 
^^t^-diiod-,  and  ^^^-dinitrosalicylic  acids  melt  at  214®,  223®,  220-230®  with  decomposi- 
tioo,  and  at  173**.  An  anhydride,  melting  at  187**  (B.  30,  223),  has  been  prepared  by 
the  action  of  the  chloride  of  3,5-dichlorsalicylic  acid  upon  the  silver  salt. 

m-Oxybenzaic  AM,  HO[i]CjHJi  ICO, H,  melts  at  200°  and  sublimes  without  de- 
composition. p-Oxybcnzoic  Arid,  HO[4]C,H|[i]CO,H,  melts  when  anhydrous  at  210® 
with  partial  decomposition  into  carbon  dioxide  and  phenol.  Its  methyl  ester  melts  at 
131^  and  boils  at  270-280®  (B.  27,  R.  570).  The  two  acids  are  obtained  from  theUr 
corresponding  amido-  and  haloid  benzoic  acids  by  methods  i  and  2  (p.  221).  See 
p.  223  for  the  production  of  p-oxybenzoic  acid,  together  with  salicylic  acid,  by  methods  7 
and  8.  p-Oxybenzoic  acid  is  also  obtained  from  many  resins  by  fusing  them  with 
caustic  pckash.  For  the  behavior  of  m-  and  p-oxyben7.oic  acids  with  PCI^,  consult  p. 
224.     Compare  A.  261,  236,  for  the  action  of  chlorine  upon  the  three  oxylienzoic  acids. 

Anisic  Acid,  \^-Methoxybenzoic  Acid,  CH30[4]CeH4[i]COaH,  melt- 
ing at  185^  and  boiling  at  280^,  is  like  benzoic  and  salicylic  acids,  one 
of  the  acids  which  has  been  long  known.  It  is  isomeric  with  methyl 
salicylic  ester,  and  the  other  monomethyl  derivatives  of  the  oxybenzoic 
acids  in  general,  as  well  as  with  the  oxyphenylacetic  acids.  Anisic  acid 
is  easily  obtained,  hence  numerous  transposition -products  of  it  are  known. 
It  is  prejjared  by  oxidizing  anethol,  the  chief  ingredient  of  anise  oil,  and 
other  ethereal  oils  containing  anethol  (see  this),  with  dilute  nitric  acid 
or  with  a  chromic  acid  mixture. 

History. — Cahours  (1839)  discovered  anisic  acid  when  he  oxidized  anise  oil  (A.  41, 
6^)).  Kolbe  at  first  considered  it  methoxyben7x>ic  acid,  because  when  it  was  distilled 
with  caustic  bar}'ta  it  broke  down  into  CO,  and  anisol  (p.  146).  Saytzew  (1863)  found 
that  when  anisic  acid  was  heated  with  hydriodic  acid  it  yielded  an  acid  different  from 
salicylic  acid,  yet  isomeric  with  the  latter  (A.  127,  129).  This  was  subsequently  found 
to  be  p-oxybenzoic  acid.  In  1867  Ladenburg  showed  that  anisic  acid  could  be  prepared 
by  saponifying  the  dimethyl  ether-ester  of  p-oxyhenzoic  acid  (A.  141,  241). 

Ozytoluic  Acids  or  Cresotinic  Acids,  CH,  .  C0H3(OH) .  CO,H.— Theten  possible 
isomerides  are  known  (B.  x6,  1966).  They  are  isomeric  with  the  three  oxyphenylacetic 
acids  (p.  226),  the  three  oxymethylbenzoic  acids  or  benzyl  alcohol  carboxylic  acids,  and 
phenyl  glycollic  acid  or  mandelic  acid.  They  have  been  prepared  from  the  toluic  acids 
by  methods  I  and  2,  from  the  oxyaldehydes  by  method  5,  and  from  the  cresols  by  methods 
7  and  8  (p.  222). 
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3  >  4->  5-f  an<l  G-Methylbomosalicylic  Acids  melt  at  l63<',  I77^»  151^,  and  168^. 
2-,  4-,  5-,  aiid  6-Methylhoiiio-inoxybenzoic  Acids  melt  at  183^,  2o6<^,  ao8*,  and  172^. 
2-  and  3- Methyl homo-p-oxybenzoic  Acids  melt  at  177®  and  172^. 

Those  isomerides  containing  the  hydroxyl-gnrnp  in  the  ortho-position  with  referenee 
to  carboxyl,  are  colored  violet  by  ferric  chloride,  just  like  salicylic  acid.  They  dissolfe 
easily  in  cold  chloroform  and  are  volatile  with  steam.  See  p.  224  for  their  behariar 
toward  l^Cl^,  i^^lj*  IHJCl,,  etc.  y  Afeikylhomosalifylic  acid  jrields  an  o-hmM- 
uilicylide-  or  o-cresK^iJe-ihloroform  (A.  273,  88)  similar  to  ialicylidi-chhroform,  5' 
Methyl-m-oxybenzoic  acid,  prepared  synthetically  by  the  action  of  baiyta-water  iqm 
acetone  oxalic  ester  (B.  22,  3271),  yields  by  nitration  niiracocnc  acid  or  2,4,6-/rniiiAn^ 
wvoxyxa-toluii  add,  melting  at  I  So®,  which  is  also  formed  when  carminic  acid  (see  this), 
the  (iye  of  red  cochineal,  is  oxidized  (H.  a6,  2648).  When  the  three  isomeric  aesoUnic 
acids,  or,  l)etter,  their  dibrom-substitution  products  are  reduced  with  sodium  and  imyl 
alcohol,  the  ring  is  ruptured  ando-,  /J-,  and  y-methylpimelic  acids  are  produced  (A.ig$, 
173;  comi)arep.  47). 

o  and  \>Oxymesi/ylmic  Acids,  HO .  C;H,(CH,),CO,H,  melt  at  179®  and  nf 
(A.  206, 197). 

L)i-  and  tri-methyloxybenzoic  acids  (B.  2X,  884),  as  well  as  ethylmethyloxybenme 
acids  (A.  195,2^4),  are  also  known.  The  corresponding  isopropylozybenaoic  adds— 
Thy  mo-  and  iso  oxycumii  aiids,  melting  at  142®  and  94®  (B.  19,  3307) — result  upon  l«in| 
carvacrol  and  thymol  (p.  144)  with  caustic  potash. 

Different  isomeric  p-mcthylisopropyloxybenzoic  acids,  (CHj)(C^H,)C^H,(OH)C00H: 
thy  mot  if  and  cannicrotinic  acids  liave  been  made  by  introducing  the  CO^-gnnip  into 
thymi)!  and  carvacrol.     See  B.  28,  2795  for  the  derivatives  of  thymotic  acid. 

The  oxyf>henyl- fatty  acids  attach  themselves  to  the  alkyl-substituted  oxybenzoic  icidi. 
They  are  produced  (i)  by  diazotizin);  the  corresponding  amidophenyl- fatty  acids  and  then 
ilccoinposing  the  diazo-derivativcs  with  lx)iling  water;  (2)  by  saponifying  the  oxybenijl 
cyanidcb. 

The  o-oxyacids,  in  which  the  phenol  hydroxyl -group  occupies  the  >-  or  <J-posi- 
tion  with  reference  to  the  carboxyl -group,  are,  in  contrast  to  the  corresponding  o- 
amiilo  fatly  acids  (p.  214),  capable  of  existing,  but  when  heated  they  part  with  water  and 
yi«rlii  }  -  .iiul  cJ-lactones  (l,  334,  345,  346). 

The  oxyphemhuetic adds^  IK).  Ql I^ .  CH, .  CO,H,  are  isomeric  with  the  ten oxytoloic 
acids  (sec  these),  with  the  three  oxymethylbenzoic  acids,  and  with  the  mandelic  acids. 
I)  <  >xypl»enylaceticacid,  l)eariiijj  close  relationship  to  oxindol  (p.  214)  and  isatin  (see  thisK 
is  alx)  obtained  from  ooxymandelic  acid  by  reduction  with  hydriodic  acid.  Ferric 
clilori<le  ct)Iors  it  violet.  It  passes  into  its  lactone  (see  Wow)  when  it  is  heated-  p-Oxr- 
phcuylacttic  Acid  (Kcurs  in  urine,  and  arises  from  the  decomposition  of  albuminous 
boilies  as  well  as  in  that  of  sinalbin,  occurring  in  the  seeds  of  white  mustard  (B.  ai, 
2137)- 

o,-  m-,  and  \i-Oxyphcuyhicetic  Acids  melt  at  137**,  129°,  and  1 48®.  m-  and  p-Oxy- 
phntyhtcctonitriU  melt  at  52°  and  69°  (B.  22,  2 1 39). 

Oxyphenylpropionic  Acids. — Four  of  the  six  theoretically  possible  acids  tre 
known. 

Phloretic  Acid, ^-Oxyhydratrcpic  Acid,  HO[4]CjH^[i]CH<^^|^^.meltingat  I29^ 

is  formed,  together  with  phlorogliicin,  when  phloretine  (the  phloroglucin  ester  of  phloretic 
aci<i)  is  digested  with  ix>tassiuin  hydroxide.  It  has  been  prepared  synthetically  from 
p-amidohydrociniiamic  acid  (]).  214).  Ferric  chloride  colors  its  solution  green.  BaryU 
ileconiposes  it  into  ethyl  phenol ;  fusion  with  potassium  hydroxide  produces  paraoxyben- 

Phloretine,  Monophloreticphhroqlucin  Ester,  (HO),CH,0  .  CO  .  CU(CH,) .  - 
Cfill^OH,  melts  at  254°  (B.  27.  1631;  2686).     S^ phhnsint. 

Hydrocoumaric  Acids,  or  /i  Phenolpropionic  Acids,  HO  .(^H^  .  CH,  .  CH,.- 
rojl,  result  when  the  corrcsix)nding  coumaric  acids,  the  oxycinnamic  acids,  or  ^oxy- 
phenylacrylic  acids  are  reduced  with  sodium  amalgam. 

o  Hydrocoumaric  Acid,  or  Melihtic  Acid,  melting  at  8i*»,  occurs  free  and  in  combi- 
nation with  coumarin,  the  lactone  of  o  oxycinnamic  acid,  in  the  yellow  melilot  {Afclilotus 
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^/Uinalis).  It  is  produced  by  the  action  of  sodium  amalgam  upon  conmarin.  Ferric 
chloride  imparts  a  bluish  color  to  the  solution.  When  distilled,  it  passes  into  its  lactone — 
hjdrocoumarin.     It  yields  salicylic  acid  when  it  is  fused  with  caustic  potash. 

m-  and  ^Hydrocoumaric  Acids  melt  at  iii^  and  128^.  p-Hydrocoumaric  acid  is 
also  produced  in  the  decay  of  tjrrosine. 

y-  and  d- Lactones  of  o-oxyphenyl- fatty  acids  are  produced  when  these  acids  are  dis- 
tilled.    They  correspond  to  the  y-  and  d-lactams  described  on  p.  214. 

^OxyphmylateHc  Acid  Lactone,  C^H^  |  [' jp"*  '  V^,  melts  at  49**  and  boils  at  236<> 

(B.  17.  975). 

Hydrocoumarin,    fi-o-Oxyphmylprofdmic    AcU  Lactotte,  Q.^\i\^^^^'^^^^'^^f^ , 

melts  at  25^  and  boils  at  272^.  When  boiled  with  water  it  regenerates  the  acid  from 
which  it  was  produced  by  distillation. 

B.  Dioxymonocarboxylic  Acids  are  obtained  by  the  same  methods 
which  were  used  in  the  preparation  of  the  aromatic  monocarboxylic 
acids.  The  carboxyl  group  is  more  readily  introduced  into  the  dioxy- 
benzenes  than  into  the  monoxybenzenes.  This  occurs  upon  heating  the 
bodies  with  a  solution  of  ammonium  or  sodium  carbonate  to  100^  or  130^ 
(B.  z8y  3202 ;  19,  2318).  The  dioxybenzoic  acids  break  down,  when 
heated,  into  carbon  dioxide  and  dioxybenzenes. 

Dioxybenzoic  Acids. — ^The  six  possible  isomerides  are  known. 
The  most  important  member  of  this  class  is — 

Protocatechuic  Acid,  i^^- Dioxybenzoic  Acidy  (HO)a[3,4]CeHj[i]- 
CO,H  -f-  H,0,  melts  when  anhydrous  at  190®,  and  decomposes  into 
pyrocatechin  and  carbonic  acid.  It  occurs  in  the  fruit  of  Illicium  religio- 
sum.  It  has  been  obtained  from  many  triderivativcs  of  benzene,  contain- 
ing substituents  in  the  3,4-position  with  reference  to  a  side-chain,  by 
fusing  them  with  caustic  potash — e.  g,,  from  the  corresponding  brom- 
and  iod-p-oxybenzoic  acids,  bromanisic  acid,  p-  and  m-cresolsulphonic 
acidi  sulpho-p-,  and  sulpho-m-oxybenzoic  acids,  from  eugenol,  piperic 
acid  (compare  also  piperonylic  acid,  p.  228),  etc.,  as  well  as  from 
various  resins  (benzoin,  asafcetida,  myrrh,  and  particularly  kino)  on 
fusion  with  p>otassium  or  sodium  hydroxide.  The  latter  resin  readily 
yields  large  quantities  of  the  acid  (A.  177,  188).  Compare  further  phio- 
roglucin  ethers  of  protocatechuic  acid.  It  is  also  produced  by  the 
action  of  bromine  upon  quinic  acid  in  aqueous  solution. 

The  fwo  possible  pyrocatechuic  monocarboxylic  acids  are  produced 
when  pyrocatechin  is  heated  to  140®  with  a  solution  of  ammonium  car- 
bonate. 

Ferric  chloride  colors  the  solution  green ;  after  the  addition  of  a  very  dilute  soda 
solution  it  becomes  blue,  later  red  fall  derivatives  containing  the  protocatechuic  residue, 
(OH),CjH,.C — B.  14,  958,  react  similarly).  Ferrous  salts  color  its  salt  solutions  violet. 
It  reduces  an  ammoniacal  silver  solution,  but  not  an  alkaline  copper  solution.  Diproto- 
caiechuic  Acid,  ^uHio^t*  l^  ^  tannic  acid  which  results  on  boiling  protocatechuic  acid 
with  aqneons  arsenic  acid.  It  is  very  similar  to  common  tannic  acid,  but  is  colored 
green  by  ferric  oxide.  It  forms  a  compound  with  p-oxybenzoic  acid  by  the  union  of 
equimolecular  quantities  (A.  X34,  276;  380,  18). 

See  naphthalene  ring  formations  for  the  conversion  of  sul)stituted  protocatechuic  acids, 
by  oxidation  with  nitric  acid,  into  derivatives  of  /^-naphthoquinone. 

The  phenol  ethers  of  protocBtechuic  acid  are  : 
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r[i]co,H        frijco,H        rmcoiH        f[«]«>i« 

Hm"'  ''"'ilfc.  ''"•lite  '^*"4[a>«'  '•'^ 

Vanillic  Add         Isovanillic  Add        VeratiicAdd  Pipcronylic  Acid      Sthyleoe  ProUh 

catcdwicAdd. 

These  alkyl-  and  alkylen-ether  acids  are  formed  when  protocatedniic  add  is  trated 
with  CI  1,1,  CH,I„  and  CIf,Br .  Cti,Br  and  caustic  potash,  as  well  as  by  oxidizmg  die 
corTes|K>nding  ethers  of  protocatechuic  aldehyde.  The  protocatechuic  acid  can  be  regained 
from  them  upon  heating  with  hydrochloric  acid  to  150°,  when  the  dimethyl  ether  add 
will  yield  at  first  the  two  monomethyl  ether  acids;  whereas  the  methylene  ether, 
pipcronylic  acid,  separates  carbon  in  addition  to  protocatediaic  acid : 

CO.H .  C,II,<o>CH,  =  co.n .  C,H,<g[|  +  c 

The  alkyl  ether-adds  break  down  into  carbon  dioxide  and  alkyl  fyjrrocatecfamc  etben 
when  they  are  heated  with  lirae  or  bar3rta. 

Vanillic  Acid,  m-Methylprotocatechuic  Acid^  melting  at  211^,  sublimes.  It  isohtiined 
by  the  energetic  oxidation  of  its  aldehyde,  vanillin  (p.  219),  also  from  coniferine,as  wcIIm 
by  the  decomposition  of  acetvanillic  acid^  melting  at  142^,  the  oxidation  product  of  icetei- 
gciiol.  acetferulic  acid,  and  acethomovanillic  add,  when  they  are  treated  with  poCasuon 
l»crinunganate.     Its  nitriU  melts  at  87°  (B.  24,  3654). 

Isovanillic  Acid,  ^- Methylprotocattchuic  Acid,  melts  at  250^^,  and  was  first  obtained 
from  heniipinic  acid  (see  this),  or  4,5-dimethoxy-o-phthalic  acid  upon  heating  with  hydro- 
chloric acid. 

IWii/n'i-  AciJ^  '^^^- Dimethoxyhenzaic  Acid,  melting  at  1 79. 5®,  occurs,  together  with 
veratrin  (see  the  alkaloids),  in  the  sabadilla  seeds  (from  Veratrum  Sabadill^, 

Ditthyiprotocateihuic  rt<r/V/ melts  at  149**. 

Piperonylic  Acid,  Methylene-protocatechuic  acid,  melting  at  228®,  is  also  formed  by 
oxidizing  n  homopiperonylic  acid,  obtained  from  safrol,  as  well  as  from  piperonal  and 
protocatechuic  acid  (see  this).  It  breaks  down  when  heated  with  hydrochloric  acid  (see 
above).      Its  nitriU  melts  at  95**  (B.  24,  3656). 

EthyUuf  protocateihuic  tfrii/ melts  at  133°. 

The  phloroi^lucin  ethers  of  protocatechuic  acid  are  probably  certain  vegetable  snb- 
stances  \vhic}),  upon  fusion  with  caustic  potash,  break  down  into  phloroglucin  (p.  165) 
and  proior:\iothuic  acid.     They  are : 

Luteolin,  C\jll,/)j,(B.  29,  R.  647,  848),  occurs  in  Reseda  luteola  and  crystallizes  in 
yt'llow  needles.     I'erric  chloride  colors  it  green. 

Catechin,  C,^n,^()^  (■').  from  catechu,  and  Madurin  or  Moringa  Tannic  Acid, 
CijliiyDg  ♦  II.^( ),  from  yellow  wood,  Alorus  tinctoria,  are  generally  included  among  the 
tannic  acids.  Proteaic  Acid,  Cj,lIio^\«  appears  to  be  a  homologuc  of  protocatechuic 
acid.      It  is  present  in  Protea  mellifera  (B.  29,  R.  415). 

Pyrocatechin-o-carboxylic  Acid,  2,3-I)ioxybenzoic  Acid,  (HO),CjH,CO,H  4  2H,0, 
melts  at  I9()°  when  anhydrous.  It  readily  breaks  down  into  CO,  and  pyrocatechin, 
from  which  it  is  formed,  together  with  protocatechuic  acid,  by  the  action  of  ammonium 
carlKDnale  (A.  220,  1 16).  It  also  results  when  3-iodsalicylic  acid  is  fused  with  caustic 
potash. 

Resorcinol  Monocarboxylic  Acids. — There  are  three.  Sjrm.-dioxybenzoic  acid 
results  on  heating  sym.-disulphobenzoic  acid  (p.  216)  with  caustic  potash,  and  the  other 
two  acids  are  pro<hued  when  resorcinol  is  treated  with  ammonium  dicarbonate  or  potas- 
sium dicarbonate  solution  (H.  18,  1985;   13*2379). 

The  a-compound  is  not  colored  by  ferric  chloride  ;  whereas  the  /3-body  is  colored  a 
dark  red  and  the  )  modification  blue-violet  by  the  same  reagent. 

a-ResorcvUc  Acid,  3,5-I)ioxybenzoic  Acid,  {\\0)f,^\\f.O^}^^\%i\fi,  melts  at 
23 70      jj  yields  (Uithnichrvsone  (see  this). when  it  is  heated  with  sulphuric  acid. 

^ Q- Resorcvtic  Acid,  2,4-Dioxybenzoic  Acid  -{-  3H,0,  melte  in  the  anhydrous  sUte  at 
21^0.     See'  B.  28,  R.  1051 ;  29,  R.  30,  for  the  ethers  and  esters  of  the  acid. 

It  is  converted  in  glacial  acetic  acid  solution  by  chlorine  into  hexachlorm-diketo-R- 
hexene  (B.  25,  2687).     The  nitrile  melts  at  175°. 
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y-RnmrtyHi  Add^  2,6-Dioxybenzoic  acid,  melts  at  148-167°  and  breaks  down  into 
OL  and  resofciDol. 
Gemlisimu  Add,  Hydroqttinone  Carbozylic  Acid,  2,$- Dioxy benzoic  Acid^  melts  at 
^9  and  at  215^  breaks  down  into  carbon  dioxide  and  hydroquinone.  It  was  first  pre- 
Mnd  from  gentisin  (see  this),  a  xanthone  derivative,  together  with  phloroglucin,  on 
Ini^  h  with  canstic  potash.  It  is  obtained  from  5-brom-,  5-iod-,  and  5-amidosalicylic 
addi;  also  from  hydroquinone  and  from  gentisinic  aldehyde  (B.  14,  1988).  Ferric 
chkride  colon  it  a  deep  blue  and  is  decomposed  into  CO,  and  quinone  (B.  z8,  3499). 

The  DiozjTtoluic  Acids,  (HO)2C^Il2(Cll3)CO,H,  arc  isomeric  with  the  dioxy phenyl - 
•Bdic  acids.  The  most  important  of  the  known  acids  of  this  class  is  Orsellinu  Acid, 
2j5Hlioz]r-p-toIiuc  acid,  which  melts  at  176°  and  breaks  down  into  CO,  and  orcinol  (p. 
l6t).  It  is  obtained  from  orsellic  acid  upon  boiling  the  latter  with  water,  or  erylhrin 
widi  baryta- water.     It  is  colored  violet  by  ferric  chloride. 

Oneiiic  Acid,  diorsellinic  acid  or  lecanoric  acid,  Cj^H.^Oy,  melting  at  153°,  is  an 
eiher.like  anhydride  of  orsellinic  acid,  (HO),  .  C,H,(CH3) .  CO  .  OCeH,(OH)(CH3V 
GO,H  (?).  It  is  found  in  different  mosses  of  the  vaneties  Roccella  and  Lecanora.  Boil- 
iag  water  converts  it  into  orsellinic  acid. 

£i76lri«,  C,,H— 0,0 -f  l>iH,0,  Erythrinic  Acid,  is  an  ether-derivative  of  diorsel- 
line  add  and  erytnrite.  It  occurs  in  the  lichen  Roccella  fuciformis,  which  is  applied 
ii  the  manufacture  of  archil,  and  is  extracted  from  it  by  means  of  milk  of  lime.  \Vhen 
it  b  boiled  with  water  it  breaks  up  into  orsellinic  acid  and — 

Picro-erytkrin,  C^fl^fi^  -f-  H,0,  which,  boiled  with  baryta-water,  yields  erythrite, 
ocin,  and  carbon  dioxide : 

Eiythrin  C^H^Oio  -f  H,0  =  (HO),CeH,(CH,)CO,H  +  C^H^O^  Picro-erythrin 
CmH,.Ot  +  H,0  =  (HO),CjH,CH,  -f  CO,  ■\-  C,Hj(OH),  Erythrol. 

Bverninic  Acid,  CLHi^O^  =  (HO),C,H(CH,),CO,H  (?),  is  produced,  together  with 
oisellinic  acid,  on  boiling  evernic  acid  (from  Evemia  prunastris)  with  baryta.  It 
ttielts  at  157°,  and  is  colored  violet  by  ferric  chloride. 

Dioxydurylic  Acid,  pseudocumene  hydroquinone  carboxylic  acid,  (HO),[2,5]Cj- 
£3.4,6] (CH,),CO,H,  melts  at  210°  when  rapidly  heated,  and  results  from  the  reduction 
<>f  Durylic  Acid  Quinone,  pseudocumene  quinone  carboxylic  acid,  O,r2,5]C0[3,4,6]- 
(CH,)gCO,H,  which  decomposes  at  130°,  and  is  obtained  by  the  action  of  ferric  chloride 
Upon  a  hydrochloric  acid  solution  of  diamidodurylic  acid  (A.  237,  ii). 

Diozy phenyl -fatty  Acids. — Certain  dioxyphenylacetic  acids  and  dioxyphenylpropi- 
ooic  acids  in  this  group  are  interesting. 

a-Homoprotocatechuic  Acid  and  its  ether-acids  have  their  side-groups  occupying 
the  same  positions  as  those  of  protocatechuic  acid  and  its  ether-acids : 

f  CH, .  CO,H  (I)  f  CH, .  CO,H  (i)  f  [ilCH, .  CO,H 

<,„.|0H  3J        (,H.|0XH.         J3J        C,H.{[3J0,,„^ 

«-HoiDoprotocatechuic  Add,         o-Homovanillic  Acid,  a-Homopiperonylic  Acid, 

m.  p.  127®  m.  p.  142°  m.  p.  127°. 

The  acet-d-homovanillic  acid  and  a-homopiperonylic  acid  result  in  the  moderated  oxi- 
dation of  aceteugenol  (see  this)  and  safrol  (see  this)  with  KMnO^.  The  former  melts 
at  140^  and  is  converted  by  caustic  soda  into  a-homovanillic  acid,  which  hydrocliloric 
add,  at  180^,  changes  to  a-homoprotocatechuic  acid  (B.  xo,  207;  24,  2882). 

Symmetrical  Diozyphenyl-acetic  Acid,  (HO),[3,5]CeH,[i]CH, .  CO,H  -f  11,0, 
melu  at  S4^. 

The  triethyl  ester,  obtained  from  the  dicarboxylic  acid  derived  from  this  acid,  is  pro- 
dnced  by  the  condensation  of  acetone  dicarboxylic  ester  with  sodium.  It  melts  at  98° 
and  yields  dioxyphenyl-acetic  add  upon  saponification.  It  yields  orcin  when  its  silver 
salt  is  heated. 

HydfocafTelc  Acid,  or  fi-y,^'dioxyphenylpropionic  acid,  corresponds,  like  a-homo- 
protocatechnic  acid,  with  the  same  arrangement  of  the  substituting  groups  as  in  proto- 
catechiiic  add»  t»~ 


1  (p.  227). 

(&0),[2^]C:iL.CH, 
cllifenm,  the  d-kdooe  of 
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filCH,  CH,.CO,H  r[lJCU,.CIIj.GO|H  ^lilCH^  CH,.O0^H  rEl]Cil,.CHfO0yH 

r,H,    UJOCH,  C,HJr3lOCH,  C^H,]  WOH  Vsi{^<ciL 

lU]o<:ii,  lUloH  [UlocH,  lUkK^ 

H>*(lrocaflreic  Dimethyl       HydrofcniHc  Acid,       Hsrdroiaoferalic  Add,    HjrdroaflacMelbjIcoe 

EthcrAcid,  m.p.  96^  in.p.8^  m.p.i6(<>  Btbcr  Acid,B.p.l^. 

liydrocafTelc  acid  itself  and  its  ether-acids  are  formed  from  the  coneipoDding  [3,4]- 
dioxyciniiamic  or  caffeic  acid,  and  their  derivatiTes,  feralic  and  isofeniUc  adds,  by  redac- 
tion with  sodium  amalgam  (B.  zx,  650;  13,  758).  The  methylene  ether-add  is  siso 
produced  by  oxidizing  ^3-hydropiperic  add  (see  this)  (B.  90,  421).  Fenk  chkmde 
colors  hydrocaffeic  acid  the  same  as  it  does  proCocatechoic  add  (p.jl27). 

Hydro-umbellic  Acid,  p^^^'diaxypkenylpropionic  acid,  f f" 
Cil,.  CO,II,  decomposes  at  II0<^.     It  is  obtained  from  nmbell 
^2,4]-dioxycinnamic  acid,  bj  the  action  of  sodiwn  amalgam.    Fenic  chloride  ookB 
11  green. 

Irioxybenzoic  acids,  (HO),CeH,CO,H.  Three  of  the  six  possihie 
isomerides  are  known.     The  most  important  is — 

Gallic  Acid,  (HO),[3,4,5]QH,CO,H  +  H,0.  It  melts  and  decom- 
poses about  220°  into  CO,  and  pyrogallol.  It  occurs  free  in  tea,  in  the 
fruit  of  Qesalpina  coriaria  (Divi-divi),  in  mangoes,  and  in  various  other 
plants.  It  is  obtained  from  the  ordinary  tannic  acid  (tannin)  by  boibng 
it  with  dilute  acids.  It  is  prepared  artificially  from  brom-s-m-dioxy- 
benzoic  acid  and  brom-protocatechuic  acid  when  fused  with  potassioD 
liydroxide. 

Gallic  acid  crystallizes  in  fine,  silky  needles.  It  dissolves  with  diffi- 
culty in  cold  water,  but  readily  in  hot  water,  alcohol,  and  ether.  It  has 
a  faintly  acid,  astringent  taste.  It  reduces  both  gold  and  silver  salts 
(hence  its  application  in  photography).  Ferric  chloride  throws  down  a 
blackish-blue  precipitate  in  its  solutions. 

The  solutions  of  its  alkali  salts  absorb  oxygen  when  exposed  to  the  air, 
and,  in  consequence,  become  brown  in  color. 

Rufigallic  Acid,  a  derivative  of  anthracene  (sec  this),  is  obtained  by  heating  gallic 
acid  with  sulphuric  acid. 

Oxidizing  agents,  such  as  arsenic  acid  and  iodine,  convert  gallic  into  Ellagic  Acidi 
probably  a  lluorene  derivative. 

In  alkaline  solution  gallic  acid  is  converted  into  galloflavin  (sec  this),  a  yellow  dye 
of  the  xantlionc  group.  Hydrochloric  acid  and  potassium  chlorate  decompose  the  acid 
into  isotrichlorglyceric  acid  or  trichlorpyroracemic  acid  (II,  45). 

Basic  Bhmiith  Callatf,  ( I  iO)3CglI,CO,Bi(OH)„  under  the  name  dermatol,  is  applied 
as  an  odorlchS  drying  antiseptic. 

/fMi'/  Ciilir  ' Ester,  {\\0)^Q^UfiOJ^^\ir,,  melts  at  141°,  when  anhydrous.  Tri- 
m,'thvl-  and  triethvl  gallic  ether  acids,  (R^O)5C,H,CO,Il,  melt  at  168°  and  112*- 
Methylene  methyl  'gallic  ether-acid,  myristicinic  acid,  (CII,0)(CH,0,) .  CeH,CO,H, 
mclis  at  i3o-i3'5°  (H.  24,  3821)  when  it  is  anhydrous.  Triacetyl  Gallic  Acid  m^\^ 
with  decomposition  at  170°.  Gallic  Acid  Anilide,  Gallanol,  has  been  used  in  medidne. 
This  is  true  also  of  dibroma^allic  acid,  or  gallohroviol,  melting  at  140°. 

Pyrogallol-carboxylic  Acid,  (nO).,[2,3,4j-CVI,CO,II  +  >^H,0.  is  prepared  bj 
heating  pyrogallol  with  potassium  bicarlwnate  (B.  z8,  3205).  It  decomposes  a 
195-200**,  but  sublimes  without  decomposition  in  a  current  of  carbon  dioxide.  Ffrri< 
chloride  colors  it  violet.  Triethyl-pyrogallol-carboxylic  Acid,  C^n,(0  .  C^Hj),.  CO,H 
melts  at  105**.     It  results  in  the  oxidation  of  Iricthyldaphnetic  acid  (see  this). 

Phloroglucin  Carboxylic  Acid,  (HO)3[24,6]Cen,CO,H  +  H,0,  decompose 
even  at  100**,  also  when  boiled  with  water,  into  carbon  dioxide  and  phloroglucin,  froo 
which  it  is  obtained  by  boiling  with  a  potassium  carbonate  solution  (B.  x8,  X323). 


TANNIC  AODS.  231 

THaJ^hxykyt^roqumme  Ether-acid,  (CLH40},[2,4,5]C,H,CX),H,  melting  at  134®. 
results  iqxm  tieatiiig  a-  or  jS-sesculetine  trietnyl  ether-acid  with  potassium  permanganate 
(B.  16,2113). 

AsaronU  Acid  9sA  Syringaic  Acid  (p.  220)  are  methyl  ether-adds,  derived  from  tri- 
oxybenzolc  acids. 

Iridic  Acid,  a-homodimethyl  gallic  ether-add,  (CH,0),(HO)[3,4,5]C,H,CH,CO,H, 
melting  at  118^ ,  is  produced  along  with  formic  acid  and  iretol  when  ingenine  is  decom- 
posed with  baryta-water  (B.  a6,  2015). 

Addendum :  Tannic  Acids. — The  tannins  or  tannic  acids  are  sub- 
stances widely  disseminated  in  the  vegetable  kingdom.  They  are  soluble 
in  water,  possess  an  acid,  astringent  taste,  are  colored  dark  blue  or  green 
Hnk)  by  ferrous  salts,  precipitate  gelatine,  and  enter  into  combination 
(leather)  with  animal  hides  (gelatine).  Hence  they  are  employed  in  the 
manufacture  of  leather,  and  for  the  preparation  of  ink.  They  are  pre- 
cipitated from  their  aqueous  solutions  by  neutral  acetate  of  lead. 

Some  tannic  acids  appear  to  be  glucosides  of  gallic  acid — /.  ^.,  ethe- 
real compounds  of  the  same  with  various  sugars.  They  decompose  into 
gallic  acid  and  grape  sugar  upon  boiling  with  dilute  acids.  Others  con- 
tain phloroglucin  instead  of  grape  sugar.  Common  tannic  acid,  tannin, 
appears  to  be,  at  least  in  a  pure  state,  not  a  glucoside  but  a  digallic  acid. 

When  the  tannic  acids  are  fused  with  potassium  hydroxide  they  yield 
mostly  protocatechuic  acid  and  phloroglucin. 

Tannic  Acid,  Tannin,  Digallic  Acid,  CuHioO,  +  2H,0,  occurs 
in  large  quantity  (upward  of  50  per  cent.),  in  gall-nuts  (pathological 
concretions  upon  the  different  oak  species,  Quercus  infectoria,  produced 
by  the  sting  of  insects)  ;  in  sumach  {Rhus  coriarid),  in  tea,  and  in  other 
plants.  It  is  prepared  artificially  by  heating  gallic  acid  with  phosphorus 
oxychloride  to  130®,  or  by  boiling  with  dilute  arsenic  acid.  Conversely, 
it  passes,  on  boiling  with  dilute  acids  or  alkalies,  into  gallic  acid : 

C,4H„0,-}-H,0  =  2C:,H,05. 

Pure  tannin  must,  therefore,  be  considered  a  digallic  acid  (B.  17,  1478). 

Tannin  is  best  obtained  from  gall-nuts.  The  latter  are  finely  divided  and  extracted 
with  ether  and  alcohol.  The  solution  separates  into  two  layers,  the  lower  of  which  is 
aqueous  and  contains  tannin  chiefly,  and  this  is  obtained  by  evaporation. 

Pure  tannic  acid  is  a  colorless,  shining,  amorphous  mass,  very  soluble 
in  water,  slightly  in  alcohol,  and  almost  insoluble  in  ether.  Many  salts 
— ^.jf.,  sodium  chloride — precipitate  it  from  its  aqueous  solutions,  and 
it  can  also  be  removed  from  the  latter  by  shaking  with  acetic  ether.  It 
reacts  acid  and  is  colored  dark  blue  by  ferric  chloride  (ink)  ;  gelatine 
precipitates  it.  Quantitative  methods  of  estimating  tannin  are  based  on 
this  behavior. 

The  penia-acetate,  ^\f^JS^fi^fi%^  heated  to  210®,  decomposes  with  formation  of 
pyrogallol  (p.  164). 

GaUyl-gallic  Acid,  Ci^HjoO,,  a  keto-tannic  acid,  forms  an  oxime  and  phenylhydra- 
sme.     See  B.  aa,  R.  754  ;  as,  R.  24. 

The  other  tannic  acids  found  in  plants  have  been  but  little  investigated ;  we  may 
mention — 
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Kino-tannin^  which  constiCntes  the  chief  ingredient  of  kino,  the  dried  juice  of  Plm- 
carpus  erinaceus  wad  Coccoloba  uvifera.  Its  solution  is  colored  green  by  tenic  ulti.  U 
yields  phloroglucin  on  fusion  with  potassium  hydroxide. 

Catechu-  Tannin  occurs  in  catechin,  the  extzBct  of  Mimosa  Caieckm.  Feme  silti 
color  it  a  dirty  green  (p.  227).  Catechin  or  Catechinie  Acid^  CVtHjiOg  +  5H,0,  ii  alio 
present  in  catechu.     It  crystallises  in  shining  needles. 

Moringa-  Tannin,  C„H,eO,  -f  H,0,  Mac/un'n,  is  found  in  yellow  wood  {UontttiMt- 
toria),  from  which  it  may  be  extracted  (along  with  morin)  with  hot  water.  When  tk 
solution  cools  morin  separates  out ;  maclurin  is  precipitated  from  the  concentrated  liquid 
by  hydrochloric  acid,  in  the  form  of  a  yellow  crystalhne  powder,  soluble  in  water  md  al- 
cohol. Ferric  salts  impart  a  greenish-black  color  to  its  solutions.  When  fused  with 
caustic  potash  it  yields  protocatechuic  acid  and  phloroglucin.  It  fonns  peotuidyl  de- 
rivatives (Ch.  C.  1897,  466). 

il/J>n*if ,  CjjHgOg -}- 2H,0,  decomposes  into  phlorcclucin  and  resordn.  Nitric  tcid 
oxidizes  it  to  /3resorcylic  acid.    Consult  B.  29,  R.  640,  for  its  constitution. 

The  Tannin  of  Coffee,  C^H,gO,-,  occurs  in  coffee  beans  and  Paraguay  tea.  Geliliiie 
does  not  precipitate  its  solutions,  r  erric  chloride  gives  them  a  green  colcw.  It  decom- 
poses into  cafleTc  acid  (see  this)  and  sugar  when  boiled  with  potassium  hydroxide,  ho- 
tocatechuic  acid  is  produced  when  it  is  fused  with  potassium  hydroxide. 

The  Tannin  of  Oak  is  found  in  the  bark  (together  with  gallic  add,  ellagic  idd, 
qucrcite).  It  has  the  formula  C|,H.,Oiq,  and  is  a  red  powder,  not  TCiy  soluble  in  cold 
water,  but  more  readily  in  acetic  etner.  Ferric  chloride  colors  its  solution  daik  blot 
Hoilinp[,  dilute  sulphuric  acid  converts  it  into  the  so-called  oak-red  (phlobapbeoe), 
C5^II.V>,7  (?). 

The  Tannin  found  in  the  quinine  barks  is  combined  with  the  quinia-alkaloids.  It 
closely  resembles  ordinary  tannic  acid,  but  is  colored  green  by  ferric  salts.  When 
lK)ile<l  with  dilute  acids  it  breaks  up  into  su(;ar  and  quina-red,  an  amorphous  brown  sab- 
stance,  yielding  protocatechuic  acid  and  acetic  acid  on  fusion  with  potassium  hydroxide. 


2.  POLYHYDRIC  AROMATIC  ALCOHOLS,  IN  WHICH  ONLY  ONE 
HYDROXYL  IS  PRESENT  IN  EACH  SIDE-CHAIN,  AND  THEIR 
OXIDATION   PRODUCTS. 

I.  DI-  AND  TRIHYDRIC  AROMATIC  ALCOHOLS. 

Xylylene  Alcohols,  Cgn,(CH,OII),.— The  three  isomerides  are  obtained  from  the 
three  corresiwndinj;  xylylene  chlorides  or  bromides  by  boiling  with  a  soda  solution.  The 
ori/io  (1,2),  called  Phthalyl  alcohol,  is  obtained  also  from  phthalic  acid  chloride  by 
reduction  in  'glacial  acetic  acid  with  a  large  excess  of  sodium  amalgam  (B.  la,  646). 

1,1- Phthalyl  Alcohol  melts  at  62°;  dichloride  melts  at  55®;  the  dibromide  melis 
at  950. 

^*y Xylylene  Alcohol  melts  at  46®;  dichloride  melts  at  34®;  the  dibromide  melts 
at77«. 

^  A- Xylylene  Alcohol  melts  at  112°  ;  dichloride  melts  at  100°;  the  dibromide  mclis 
at  143°. 

The  three  chlorides  are  formed  when  the  xylenes  are  heated  to  150°  with  POj 
(I^  19,  R.  24).  The  bromides  are  produced  when  bromine  acts  upon  boiling  xylenes 
(B.  x8,  1 281),  or  upon  the  latter  in  sunlight  (B.  18,  1 278).  Tetraihlorxvlvlene  Oxide, 
Cg(:i,(C:H,)p,   melts  at   2iS°   (A.    238,   331).      o-XylyUne  5tt-^^/dV/ C\H^(CH,),S 

o-XylyUndiafftine,  CjH^[i,2](CII,NII,)2,  is  a  liquid.  It  results  when  potassium 
phthalimide  acU  upon  o-xylylene  bromide  (B.  21,  578),  as  well  as  by  the  reduction  of 
phthalazine  (p.  233).     Upon  heating,  its  chloride  yields : 

o-\vlylenimhie,  dihydroisoindol,  C-H.(CH,),NH,  boiling  at  2130.  It  also  results  in 
the  reduction  of  chlorphthalazine  (B.  26,  2212). 

,^.^  .  l(CH,OH).,  melts  at  ^T>  (B.  19,  867). 

i,OH),,  bolls  at  190°  (20  mm.). 
,NH,)„  boils  at  268°  (B.  25,  3017). 
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iietUyline  Glyeeroi^  Metkerim,  Ct^,[i,3,5](CH,OH),,  is  a  thick  liquid  (B.  z6, 
2509). 

^Di-aoxethyl  Bemene^  C,H^[CH(OH)CH,],,  is  a  liquid  obtained  from  p-diacetyl 
benzene  (B.  27,  2527). 

The  dihydric  aromatic  alcohols  with  the  hydroxy!  groups  attached  to  two  side -chains 
give  rise  to  nine  classes  of  oxidation-products,  just  as  in  the  case  of  the  aliphatic  gly- 
ook  (I,  290). 

9.  ALDEHYDE  ALCOHOLS. 
In  this  connection  mention  may  be  made  of  hydrophthalide^  C^H^  |  f  sJch'^OII'  ^^ 
reduction  product  of  phthalide.    It  is  a  sjrrup,  soluble  in  water.    Dimethylhydrophthalide, 
^•^4  {  f licilio'M'^^'  ^^  reduction-product  of  dimethylphthalide,  melts  at  89®  (A. 
248,  6i). 

a.  AROMATIC  DIALDEHYDE8. 

PhthaUc  Acid  Aldehydes^  C,H.(CHO),,  corresponding  to  the  three  phthalic  acids  are 
obtained,  like  l)enza]dehyde  frombenzal  chloride,  by  heating  the  xylylene  tetrachlorides 
with  water.    o-Xylylene  tetrachloride,  or,  better,  o- xylylene  tetrabromide  and  hydrazine 

yield  phthalaune,  C.H,  {  ^JJ  j  ^  (B.  a8,  1830). 

o-Phthalaidfhyde  melts  at  $2^ ;  the  dioxime  melts  at  245^  (B.  ao,  509). 

Jsophthalaldehyde  melts  at  89° ;  the  dioxime  melts  at  iSo^*  (B.  ao,  2005). 

Terepkthalaldekyde  melts  at  II4<> ;  the  dioxime  melts  at  200°  (B.  x6,  2995). 

The  0-,  m-y  and  p-xylylene  tetrachlorides,  CfH^(CHC]|),,  corresponding  to  the  alde- 
hydes, are  prepared  by  heating  the  three  xylenes  with  PCI5  to  150-190^. 
The  o-body  melts  at  89**  and  boils  at  273°. 
The  m-body  boib  at  273**,  and  the  p-compound  melts  at  93®. 

u- Tetrakrom^i-xylene  mf\\%  zX.  Ii6*>  (B.  a8,  1830J. 

Oxydialdehydes  are  produced  together  with  and  from  the  oxymonaldehydes  by  means 
of  Reimer's  reaction  (p.  218). 

Thymodialdehydc.  HO .  C,H(CH,)(C,H,)(CHO),,  melts  at  79<>  (B.  16.  2104). 

Resorcindialdehyde,  (HO),  .  C-H-(CHO)„  melts  at  127®  (B.  10.  2212). 

a-  and  ^-Orcendialdehydes,  (HO),(:,H(CH,)(CHO)„  melt  at  ilS*  and  168°  (B.  la, 
1003). 

a-  and  ^-Oxyisophthalaldehyde,  (H0)[4]C,H,(CH0),  and  H0[2]C,H,(CH0),. 
melt  at  io8<>  and  88^  (B.  15,  2022). 

4.  DI-  AND  TRIKETONE8. 

Only  one  acidyl  group  can  be  introduced  into  benzene  even  by  means  of  the  aluminium 
chloride  synthesis. 

p-Diacetylbenzene,  Q.fi^\^Ak\{S^OQ^\^^^  melting  at  114^,  is  formed  by  the  action  of 
dilute  sulphuric  acid  upon  terephthalyl  dimalonic  ester  (B.  37,  2527).  Diethyl  Tere- 
/WJ/Atf/y.  C,H^(COC,Hj),  (B.  19,  1850).  Triacetyl  Benzene,  C^\lj!i,z,S]{^OC\\j,\, 
melting  at  163°,  is  formed  by  the  benzene  ring  formation  from  formyl  acetone  (i,  319 ; 
II,  42).  In  the  t>enzene  homologues  containing  methyl-groups  in  the  meta-positions  it  is 
an  easy  matter,  aided  by  Al,Cl,,  to  introduce  acetyl  residues  between  every  two  such 
methyl -groups.     Thus,  mesitylene,  durene,  and  bodurene  have  given : 

Diacetyl  Mesitylene,  C,H(CHs),(COCH3)„  melting  at  46®  and  boiling  at  310®; 
diacetyl  durene,  melting  at  178^  and  boiling  at  323-326°,  and  diacetyl  isodurene, 
melting  at  1210  and  boiling  at  312-317®  (B.  28,  3213  ;  29,  1413). 

5.  ALCOHOL  CARBOXYLIC  ACID& 

Oxymethylbenzoic  Acids,  Carbinolbenzoic  Acids. — There  are 
three  possible  isoraerides,  and  all  of  them  have  been  prepared.  They  are 
isomeric  with  mandelic  acid  and   the  oxytoluvc  ac\d^.     o-Oii^xw^'CccjV 
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benzoic  acid   passes  quite  readily  into  the  corresponding  y-lactone, 
phihalide,     Phthalide  and  meconine  are  the  first  lactones  with  which 
organic  chemistry  was  enriched. 
o-Oxymethylbenzoic  Acid,  Benzylalcohoi-o-carboxyitc  acid^ 

^«^^*{  riiCIl^OH'  "^^^^  ^*  '2o®,  loses  water  and  becomes  phthalide,  from 
which  it  is  obtained  by  dissolving  in  caustic  alkali  and  then  precipitat- 
ing with  mineral  acids. 

Phthalide,  o-Oxymethylbenzoic  Acid  Lactone,  C^Hj  [»]^  >o,  melt- 
ing at  83°  and  boiling  at  290°,  was  first  made  from  o-phthalic  acid.  It 
is  formed  (i)  by  heating  o-oxymethylbenzoic  acid  or  by  allowing  it  to 
stand  in  contact  with  water  (B.  25,  524);  (2)  by  the  reduction  of 
phthalide  chloride  with  zinc  and  hydrochloric  acid  (B.  xo,  1445)  ;  (3)  bjr 
the  reduction  of  phthalic  anhydride  in  acetic  acid  solution  with  ziDC- 
diist  (B.  17,  2178);  (4)  by  the  action  of  bromine  vapor  upon  orthotoluic 
acid  at  130-140°  ;  (5)  from  xylylene  dichlori'de  upon  boiling  with  water 
and  lead  nitrate;  (6)  by  decomposing  nitrosophthalimidine  obtained 
from  phthalimide  with  caustic  potash  (A.  247,  291)  ;  or  (7)  by  treating 
o-cyanbenzyl  chloride  in  glacial  acetic  acid  with  hydrochloric  acid  at 
100°  (B.  25,  3021). 

It  is  reduced  to  orthotoluic  acid  on  boiling  with  hydriodic  acid.  Potassium  pennan- 
ganate  oxidizes  it  to  phthalic  acid.  See  also  phthalaldehydic  acid  (p.  236) ,  phthalic  acid 
and  u-cyan-o-toluic  acid  (p.  244).    Phenylhydrazine  adds  itself  to  phthalide  (B.  a6, 1273). 

Numerous  derivatives  have  been  obtained  from  o-oxjrmethylbenzoic  acid,  some  of 
which,  like  the  acid  itself,  change  over  to  heterocyclic  compounds. 

o-Chlormcthylbcnzoic  Acid,  CI .  CH,[2]C,H^CO,H.  The  free  add  is  not  known. 
Its  ethyl  ester  results  from  the  action  of  alcohol  upon  its  chloride. 

It  boils  at  141°  (12  mm.),  and  also  without  decomposition  at  245**  (760  mm.). 

o-Chlormcthyl  Benzoyl  Chloride,  Phthalide  Chloride,  aCH,r2]C,H4 .  COCl, 
boiling  at  135°  (12  mm.),  results  when  PCI5  acts  upon  phthalide  at  55-60°. 

o-Chlormcthylbenzamidc,  ClCH,[2]CjH^ .  CONH,,  melts  with  decomposition  at 
190°  (see  pseudophthalimidine).  It  is  prtxiuced  on  conducting  dry  ammonia  into  an 
ethereal  solution  of  phthalide  chloride  solution,  and  by  the  action  of  sulphuric  add  upon 
its  nitrite. 

o  Chlormethyl  Benzanilide,  CI .  CIIj[2]C,H^C0NHC,Hj,  melts  at  1150. 

o-Chlormethyl  Benzonitrilc,  o-Cyanbcnzyl  Chloride,  CI  .  CII,[2]C;,H4CN, 
melting  al  252°,  is  formed  upon  conducting  chlorine  into  boiling  o-tolunitrile  (p.  203) 
(W.  20,2222).  The  corresponding  o-Cyanbenzyl alcohol  is  known  only  in  its  ethers 
(P,.  25,3018). 

Phthalide  yields  the  base  Phthalimidine,  C,H^  j  WcH  >^^»  ^**"*  **  ^  heated 
in  an  atmosphere  of  ammonia.  It  can  also  be  very  readily  obtained  by  reducing 
phthalimide  with  tin  and  hydrochloric  acid  (A.  247,  291);  from  o-cyanbenzylamine 
with  nitrous  acid ,  and  from  phthalide  chloride  by  the  action  of  alcohol  and  ammonia. 
It  melts  at  150°  and  boils  at  337°. 

Nitrosophthalimidwe,     CgU,ON  .  NO,     melts     at     156°.       Pseudophthalimidine^ 

CjIIj<  f2=!pi-f  ~~^^o     '  *^  *"  ^^'     ^°  contact  with  water  it  is  resolved  into  phthalide 
and  ammonia.     Its  hydrochloride  is  formed  when  o-chlormethyl-benzamide  is  heated  to 

1300-140°. 

Pbthalide  Anil,  P/ienylphthalimidine ,  ^i^S^^^\\>  ^^^^,.'^s'>s^iia:^  «t  160°, 
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results  on  heating  phthalide  and  aniline  to  2CX)-220°,  upon  reducing  phthalanil  with  tin 
and  hydrochloric  acid,  and  by  distilling  o-chlormethylbenzanilide  under  diminished  pres- 
sure. o-Cyanbenxylamine,  NH, .  CHj[2]CjH^CN,  is  a  colorless  oil,  which  becomes 
crystalline.  It  is  fonned  when  o-cyanbenzyi  chloride  acts  upon  potassium  phthalimide 
(B.  ao.  2233). 

Thiophthalidc.C^H^/  WcH  >^'  ™**^  **  6oo.(A.  257.  298),  and— 

Sdenophthalide,  C.H4 1 1']^^  >Sc,  melts  at  580(3.24,  2596).     Phthalides, 

siibsUtnted  in  the  benzene  nnclens,  are  also  known  ;  they  have  been  mostly  obtained  from 
m^brtitoled  o-phthalic  acids.    Mention  may  be  made  of: 

p-Nitrophthalide,  NO,C,H,|  [jK^  >0,  melting  at  135**.  It  is  produced  when 
tiuoaiic  add  and  glacial  acetic  acid  act  upon  o-nitronaphthalene  (A.  202,  219). 

p-Oayphthalidc,HO.C,H,|  W^^  >0,  melting  at  2220  (A.  233,  235),  is  ob- 
tained from  p-ozy-o-phthalic  acid. 

Meconine,  S^e-Dtm^fkoxypA/Aa/ide,  (CH,0),[5,6]C,H,|  [j3^^  >0,  melUng    at 

loaPy  is  the  lactone  of  meconinic  acid,  which  is  only  stable  in  the  form  of  its  salts. 
llB  name  is  derived  from  the  Greek  word  fjt^KuVf  signifying  poppy. 

Ifeconine  occun  already  formed  in  opium,  where  Couerbe  discovered  it  in  1832,  and  is 
obtained  on  boiling  narcotine  with  water  (W5hler  and  Liebig,  1832).  It  may  be  formed 
Imn  opianic  acid  (p.  237),  the  corresponding  aldehyde  acid,  just  like  phthalide  from 
nlitbalaldeh^dic  add,  by  reduction  with  sodium  amalgam  and  precipitation  with  acids. 
It  was  the  brst  lactone  known  to  chemistry.  It  dissolves  in  the  alkalies,  yielding  salts 
of  meconinic  acid.  In  the  same  manner  that  phthalimide  yields  phthalide  (p.  234), 
bemipinimide  furnishes  ^meconine,  and  not  meconine  (B.  20,  883). 

<^««{[2]^>o  «^««{[*Kh  (ch.o).c.h,{CO  >o  (ch,o).(;,h.{^50, 

Phthalide  Phthalaldehydic  Meconine  Opianic  Acid. 

Acid 

^-Meconine,  ZA-^fnethoxyphthalide,  (CH,0),[3,4]C,fI,  |  f  jlCH  ^^'  ™*^^^*  '^ 
132**.  It  is  made  from  bemipinimide,  just  as  phthalide  is  formed  from  phthalimide  (B. 
10,884). 

o  a-Ozjrethylbenzoic  Acid  Lactone,  a-Methylphthalide,  C,H^  |  f  jICH^^'  ^°^^^ 
at  275^.  It  is  fonned  in  the  reduction  of  acetophenone-o-carboxylic  acid  (p.  238)  with 
sodium  amalgam.  Hydriodic  acid  and  phosphorus  reduce  it  to  o-ethylbenzoic  acid 
(B.  29.2533). 

Dimethyl   V\i^StaX\A<t^^^-oxy%sopropylbenzoic  acid  lactone^  ^6^4  "I  r2lC^  » 

melting  at  67^  and  boiling  at  270^,  was  made  by  the  action  of  zinc-dust  and  methyl 
iodide  upon  phthalic  anhydride  (A.  248,  57). 

m- Ozymetbylbenzoic  Acid  is  only  known  in  the  form  of  its  alcohol  anhydride, 
0[CH,[3]CgH^CXK)H],,  melting  at  l8o«>,  which  is  formed  from  m-cyanbenzyl 
chloride,  CI.  ClI,[3](lH^CN,  melting  at  67°  and  boiling  at  259°,  the  reaction-product 
of  chlorine  upon  m-tolunitrile  (p.  203).  u-Chlor-xti-toluic  Acid  melts  at  135°,  and 
m-Bensylamine  Carbozylic  Acid,  NH,CH,[3]C,H«CO,H,  melts  at  216''. 

p-Ozymethylbenxoic  Acid,  YiO  ,C\lj{j\\QJc{f,0^\y  melting  at  \%\^^  is  obtained 

!i)  from  p-c«rbinol  bromide  benzoic  acid,  Br.  CH,[4]C0H4 .  CO.H  (A.  162,  342) ; 
2)  by  tbe  action  of  concentrated  sodium  hydroxide  upon  terephthalaldehyde  (A.  231, 
372). 

p-Cjmnbensyl  Alcohol,  H0CH2[4]C:H4CN,  melting  at  133^,  is  ptev^^t^^^l  fram 
p-cyanbcnsyl  chloride,  melting  9k  yg^  and  boiling  at  263^,  by  Ibe  acViou  q(  ^cAsa&vMn. 


236  ORGANIC  CHKIflSTRY. 

carbonate.     p-Chlorfnethylbensamide,  CII^ai^lCgH^CONH,,  melts  it  173*.  p- 
Chlormethylbenzoic  Acid,  CH,Cl[4]CLH«Cq,H,  melts  at  I99<>  (B.  14,  2416). 

m-  and  p-Oxyiaopropylbensotc  Acids,  (CfH,),C(OH) .  C;H4.C0^H,  mdling  « 
123^  and  1 55*^,  result  when  m-isocymene  (A.  275, 159),  and  cymene,  from  comk  tdd,ire 
oxidized  with  poUssium  permanganate.  The  3-amido-4-oxyisoprDpylbenmic  idd,  d^ 
rived  from  the  p-acid,  changes  under  the  influcDce  of  cmiix>xylic  anhydrides  into  mm- 
zonic  adds  (see  these). 

6.  ALDEHYDE  ACIDS. 

o-Phthalaldehydic  acid  and  5,6-diniethoxy-o-phthalaldehydic  acid,  or 
opianic  add,  are  the  most  important  representatives  of  this  class.  In  the 
phthalaldehyde  acids  the  aldehyde  group  occupies  the  ^^-position  with 
reference  to  the  carboxyl  group.  Like  the  aliphatic  /^-ketonic  acids  (the 
laevulinic  acids,  i,  379),  the  phthalaldehyde  acids  form  monoacetyl  de- 
rivatives, whose  existence  and  deportment  argue  more  strongly  for  the 
^-oxylactone  formula  (Liebermann,  B.  zg,  765,  2288)  than  the  car- 
boxylic  acid  formula  of  such  acids : 

CIL.CO.H  CH,.CO\^  rrtirnH  f  filCO 

y^:  ..:  .„  -  ^/    n>Zn    c^ni  '^^«"  or  c.hJ  ^  % 

"CH,  H[2]CHO  •    *l[2]CH.0n 


Larvulinic  Acid  o>Phthalaldehydic  Acid. 

Opianic  acid  forms  two  series  of  esters.  Their  difference  is  due  to  the  fact  that  the 
one  series  represents  carboxylic  esters,  while  the  other  series  consists  of  )-oxylsctODe 
esters. 

I'he  deix>rtment  of  the  oxime  anhydrides  of  phthalaldehydic  acid  and  opanic  acid  is 
worthy  of  note.  They  change  to  the  corresponding  phthalimides  with  an  appreciable 
evohition  of  heat,  when  they  are  gently  heated.  The  phthalaldehydoxime  anbydridic 
acid  first  changes  to  o  cyanbenzoic  acid,  which  yields  phthaliinide  up)on  fusion.  The 
iletcrmination  of  the  heat  of  combustion  of  opian-oximic  acid  anhydride  and  hemipin- 
imide  has  shown  that  in  the  conversion  of  the  former  into  the  latter  the  quantity  of  beat 
set  free  (52.6  Cal.  for  the  gram -molecule)  was  tenfold  greater  than  the  molecular  rear- 
ran^emt^nt-ener^y  of  allocinnamic  into  cinnamic  acid,  and  eight  times  that  observed 
in  the  conversion  of  malelc  into  fumaric  acid  (B.  25,  89). 

o- Phthalaldehydic  Acid  (formulas  above),  melting  at  97^,  is  formed  (i)  upon  heat- 
ing broniplitbalide  (see  below)  with  water;  (2)  by  heating  (.>-pentachlor-o- xylene  and  (3) 
o-cyanbenzal  chloride  with  hydrochloric  acid  (B.  30,  3197).     Hydrazine  converts  the 

i  [ilCO  —  NH 
acid  into //////rfA/:^//^' (see  this)  CjH^  <  r  n    u        '      »  melting  at  183°;   phenylhydra- 

zine  changes  it  to  phenylphthalazoney  melting  at  105®  (B,  26,  531),  and  hydroxylamine. 
in  aqueous  solution,  into  benzaldoxime-o-carboxylic  acid,  melting  at  120° ;  while  in 
alcoholic  solution  the  pro<Iuct  is  benzaldoxime-o-carbonic  anhydride,  benzo-ortho- 
oxazinone,  melting  at  145°.  The  latter  at  145°  rearranges  itself  with  evolution  of  much 
heat  into  o-cyanbenzoic  acid,  which  at  more  elevated  temperatures  becomes  pktkalimide 
(B.  26,3264): 

(^  H  f  [i]COOH  i[i]COO  ([i]COOH  i['3CO^^,„ 

'•"M[2]CII  =  NOIl"^^«"*i[2lClli^"^^*"*i[2]C=N'^''*"a[2]CO>^^ 
Benzaldoxime-o-Carboxylic    Bcnzaldoxime-o-  o-Cyanbenzoic  o-Phthalimidc. 

Acid  Carboxylic  Acid  Acid 

Anhydride 

Methoxyphthalide,  phthalaldehydic  methyl  efher,  melting  at  44** ;  ethozyphthalide 
melting  at  66®,  and  amidophthalidc,  amide  of  phthalaldehydic  acid,  are  produced  by 
the  action  of  methyl  and  ethyl  alcohol,  and  ot  ammonia  upon  bromphthalide,  or  the 
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^i^miJf  of  phtkalaldehydic  acid^  melting  at  85®,  produced  when  bromine  vapor  acts 
upon  phtholide  at  140°.  Aceto-phthalaldehydic  acid,  acetoxyphthalide^  is  formed  by 
the  iDteraction  of  acetic  anhydride  and  phthalaJdehydic  acid. 

ffiico  corn) 

Diphthalide  Ether,  CcH^-l  ^  :^       >0   Q<     ^  [Jj-C^H^  melting  at  221°,  is  formed 

from  o-phthalaldebydic  acid  and  bromphthalide.  In  accordance  with  the  double  forma- 
latioo  of  phthalaldehydic  acid  (see  above)  two  views  may  be  held  in  regard  to  its  various 
derivatives: 

r-  «  f  [iJCOOCH,     (.  „  f  [i]CONH,      ^  „   f  [i]COBr   p  „   f  [i]COOCOCH, 
^"mWcHO  ^"M[2]CH0  ^«"*l[2]CHO    ^«"*l[2]CHO 

MeChcunrphthalide  Amidophthalide  Bromphthalide  Acetoxyphthalide. 

The  idea  that  acetoxyphthalide  and  the  diphthalide  ethers  are  anhydrides  of  carboxylic 
•cids  b  very  improbable.  Phthalaldehydic  acid  and  opianic  acid  react  especially 
i>eadily,  even  in  the  cold,  with  amines.  Water  is  eliminated.  The  resulting  bodies  dis- 
solve in  pcut  very  easily  in  soda,  and  in  part  with  difficulty,  hence  are  in  part  derived 
from  the  amidophthalide  and  partly  from  the  imidoaldehydic  acid  formula  (6.  29,  174, 
2030). 

PhihataJdehyde  Chlorides:  Penta-chloride  of  o- Phthalaldehydic  Acid,  uPenta- 
€klar-o-xyUne^  CHG,[2]CgH^CQ,,  melting  at  53^,  results  when  PCl^acts  upon  o-xylene 
at  140®.  o-Cyanbeiual  Chloride,  nitrile  of  o-phthalaldehyde-chloride  acid,  CHCl,- 
[2](^H^CN,  boiling  at  260^,  is  formed  by  the  action  of  chlorine  upon  boiling  o-cyan- 
toloene  (B.  30,  3197)- 

Noropianic  Acid,  ifi-dioxyphthalaldehydic  acid,  (HO),C,H^(CHO)COOH,  melting 
at  171^,  is  obtained  from  opianic  acid,  together  with  isovanillin  and  carbon  dioxide,  upon 
heating  with  hydriodic  acid.     It  is  colored  bluish-green  by  ferric  chloride. 

Opianic  Acid,  v^jo-dimeihoxyphthalaldehydic  add,  (CII,0),[5,6]C,H.^[2]CHO . - 
CO,H,  melting  at  150^,  is  produced  on  oxidizing  narcotine  with  dilute  sulphuric  acid  and 
MnO,  (1S42,  \V5hler  and  Liebig,  A.  44,  126).  Meconine  is  formed  in  its  reduction. 
When  it  is  evaporated  with  caustic  potash  it  changes  in  part  to  meconine  and  partly  to 
hemipinic  acid,  just  as  benzaldehyde  yields  benzyl  alcohol  and  benzoic  acid.  1 1  is  oxidized 
to  hemipinic  acid  (p.  241).  Upon  heating  with  hydrochloric  acid  there  results  at  6rst :  5- 
Methozy-6-ozyphthalaldehydic  acid,  methyl  noropianic  acid,  (CH3())[5](HO)[6]- 
CgH,(CHO)CO,H,  melting  at  154®  (B.  30,  691),  while  under  more  intense  heat 
iaovanillin  and  CO,  are  the  products.  Concentrated  sulphuric  acid  converts  opianic  acid 
into  rufiopin  (see  this),  a  tetraoxyanthraquinone  derivative. 

Opianic  acid  behaves  toward  hydrazine,  phenylhydrazine,  and  hydroxylamine  just  like 
phthalaldehydic  acid  (p.  236).  Dimethoxyphthalazone,  opiazone,  melts  at  162°, 
when  it  is  anhydrous  (B.  27,  1418).  Phenylopiazone  melts  at  175°  (B.  19,  2518). 
Opianoximic  Acid,  melting  at  82^,  becomes,  on  boiling  its  aqueous  solution,  the 
anhydride  of  opianozimic  acid,  melting  at  114^.  When  this  is  heated  alone,  or 
when  its  alcoholic  solution  is  boiled,  hemipinimide  results  as  a  consequence  of  rearrange- 
ment (B.  24,  3264). 

i^i//rr.— -Opianic  acid  forms  two  series  of  alkyl  esters,  corresponding  to  the  carboxylic- 
and  to  the  y-oxylactone  formulas  of  the  acid  (p.  236).  The  one  series,  the  true  carboxylic 
esters,  are  stable  in  the  presence  of  water.  They  are  formed  by  the  action  of  alkyl 
iodides  npon  the  silver  salt  or  of  alcohols  upon  the  chloride  of  opianic  acid. 

They  manifest  the  typical  aldehyde  reactions  f  B.  29,  R.  507).  The  second  series, 
the  x-ovyl^urtones  or  festers,  are  formed  on  boiling  opianic  acid  with  alcohoU*. 
Methyl  Opianic  Eater,  (CH,0;,C;H,fCHO)CO,CH„  melts  al  &2«>  anAVjoWs  %X  a^^^ 
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(51  mm.).    The  ethyl  ester  melts  st  64^.    ^-llethyl  Opianic  Bstcr, 

{CH 
>0  ,  mdls  at  I03«»  snd  boils  at  2380  (52  mm.).  Tliet<tl»yl 
CO  — OCH, 
ester  melts  at  gz^  (B.  25,  R.  907  ;  26,  R.  700).  Acetyl-opianic  Acid  mdlsitf  i»^ 
(B.  zg,  2288).  [3l-Nttro-opiaiiic  Acid,  meking  at  166^,  yields  bf  rednctioi 
dimethozyanthninucarbozylic  acid,  az&o^anie  atid,  which  npoo  treatmat«i& 
acetone  and  sodium  hydroxide  forms  an  indigo  derivative  (compare  anthranil,  p.  S12). 
Pseudo-opianic  Acid,  (CH,()),[3,4lC;Hj2](CHO)CO,H,melting  at  I2l^  bfcniMd 
from  Ixrrlx^ral,  an  oxidation  product  of  the  alkaloid  berberine  (see  this),  when  it  is  boiled 
with  dilute  sulphuric  acid.  Amidoethylpiperonylcarboxylic  anhydride  (B.  S4,  R.  158) 
is  formed  simultaneously.  The  oxime^  melting  at  124°,  is  reanranged  upon  heating  iiAo 
heniipinimide  (B.  24,  3266). 

m-Aldehydo-bensoic  Acid,  hopkikalaldekydU  acid,  CHO[3lC,HX:0,H,mdtsit 
165^^.  mCyanbensaldehyde  melts  at  8o<*.  m-Cyanbensal  Chloride  boils  it  274* 
(It.  24, 2416).  p  Aldehydo-benzoic  Acid,  TerepkthalaUehydic  Acid,  CHOUjQHf- 
(X ), II ,  melts  at  285<».  p-Cyanbenxaldehyde  melts  at  97®.  p-Cyanbensal  Oikxne 
Ijoils  at  275^  (B.  24,  2422). 

Mono-  and  dioxyaldehydo-acids  have  been  obtained  from  mono-  and  dioxycaiboijfic 
acids  by  means  of  chloroform  and  caustic  alkali  (B.  Z2,  1334  ;  z6,  2182). 

7.  KETONE  CARBOXYLIC  ACIDS. 

o-Acetophenone  carboxylic  acid  is  the  most  important  of  the  aromatic  moaocaiboxylic 
acids  with  kcto-  and  carboxyl-groups  in  different  side-chains.  In  it  the  y-positioD  im- 
parts to  the  kerto-  and  carboxyl  groups  reactions  similar  to  those  manifested  by  o-phtbal- 
alilehydic  acid  (p.  2^^6).  Hence  in  addition  to  the  carboxylic  acid  formula  wcmustilso 
consider  the  >  -oxylactone  formula  for  o-acetophenone  carboxylic  acid.  Its  acetyl  coo- 
ixmud  must  be  viewed  as  acetyl-y-oxylactone : 

([i]C001I  f  [i]CO>o  C.H  J["]^^>0 

•  U[2]cocH,  °'  '^•"♦U2]C(OH)cn,      '^"*i[2]C(ococH,)CH,. 

o-Acetophenone  Carboxylic  Acid  ,  o-Acetobenzoic  Acid,  melting  at  US'*,  is  «>• 
meric  with  benzoyl  acetic  acid  (see  this)  and  tolylglyoxylic  acid  (see  this).  It  has  a  sweet 
taste,  and  is  formed  on  Iwiling  benzoyl  aceto-o-carboxylic  acid  with  water  (B.  86,70$; 
^9'  2533).  The  acetyl  compound  melts  at  70°  (B.  14,  921).  Hydrazine  converts  it  into 
fticthylphthahnoHc,  melting  at  222°  and  boiling  at  247®  (B.  26,  705).  With  phenylby- 
drazine  it  yields  methylTi.phenylphthalazme,  melting  at  I02<»  (B.  18,  803).  lU  ethyl 
ester  and  hy<lroxylamine  form  an  oxime  anhydride,  melting  at  158®  (B.  x6,  1995). 

y  arious  homologous  o-acidylbenzoic  acids  have  been  obtained  by  digesting  their  anhy- 
<  rules,  the  alkylidene  phthalides,  with  potassium  hydroxide.  These  anhydrides  are  pro- 
<juced  m  the  condensation  of  phthalic  anhydride  and  fatty  acids,  when  water  and  carbon 
<noxide  arc  eliminated  :  obutyrophenone  carboxylic  acid  and  o-isovalerophenone 
carboxylic  acid  melt  at  89°  and  88°  (B.  29,  1437). 

p-Acetophenone  Carboxylic  Acid  melts  at  200«.  It  results  from  the  oxidation  of 
p  , Y)xyisopR)pyii>enzoic  acid  (A.  219,  260).  p-Cyanacctophcnonc,  melting  at  60°,  is 
made  from  p-amido-acetophenone  (B.  20,  2955).  '  *^ 

onM  ^^^^^''^°'^y^*^  Acids.— Three  varieties  are  to  be  distinguished  in 
directf'"^"''  ^\  ^^^^^  ^^^^^'  ^^^^  '"  ^^^^^  ^^^  ^^^  carboxyl  groups  are 
Dart  if  ^^!"^"  ^^  ^^^  benzene  nucleus ;  those  in  which  these  groups  are  in 
lastlv  fK  ^°.  ^^^""cleusand  are  in  part  present  in  theside-chains;  and, 
side  chains^r  ^^^""^  ^^^  ^^  ^^^  carboxyl  groups  are  contained  in  the 

rn  }  CH, .  CO,H  ^  „   f  CH, .  CO,H 

Homophthalic  Acids  Phenylene  Oiacetic  Adda. 


C(X)H 


^«"*  I  crvu]  CH  {  C"»  •  CO,H  ^  „  /  CH, .  CO,H 

Piuh^ilc^I^^i*  S      V^^?"  ^•"nCH.COH 
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8.  DICARBOXYLIC  ACIDS. 

(a)  Phthalic  Acids  are  the  final  oxidation  products  of  all  benzene 
derivatives  in  which  two  hydrogen  atoms  of  the  benzene  nucleus  have 
been  replaced  by  side-chains.  Hence,  they  are  of  importance  in  deter- 
mining the  position  of  these  two  side-groups  in  the  benzene  nucleus 
(P*  35)-  Their  hydrogen  addition  products,  the  hydrophthalic  acUs, 
are  also  very  important  compounds  from  a  theoretical  standpoint. 
Again,  o-phthalic  acid  is  distinguished  from  the  m-  and  p-bodies  by  its 
ability  to  form  an  anhydride  and  other  cyclic  derivatives.  In  addition 
to  the  dicarboxyl  formula,  the  /^-dioxylactone  formula  has  been  taken  into 
consideration  for  this  acid.  It  is  applied  technically  in  the  manufacture 
of  phthalein  dye-substances,  which  are  of  great  value.  The  phthalic 
acids  bear  the  same  relation  to  the  phthalyl  alcohols,  the  phthalaldehydes, 
oxymethylbenzoic  acids,  and  phthalaldehydic  acids  that  oxalic  acid  sus- 
tains to  ethylene  glycol,  glyoxal,  glycollic  acid,  and  glyoxalic  acid : 


CHjOH 

tH,OH 
Glycol 
^„   fCH,OH 
'-•"UCH.OH 
Phthalyl  Alcohol 


CHO 

kvLO 
Glyoxal 
P„    fCHO 
^"*\CHO 
Phthalaldehyde 


COOH 

tHjOH 
Glycollic  Acid 
P  „    f  COOH 
'^•"*\CH,OH 
Oxymethyl- 
benzoic Acids 


COOH 

tno 

Glyoxalic  Acid 
P  „  / COOH 

'^•"ncHo 

Phthalaldehydic 
Acids 


COOH 

toOH 
Oxalic  Acid 

^jj  rcooH 

^•"♦tcOOH 
Phthalic  Acids. 


Phthalic    Acid,     Benzene  -  o  -  dicarboxylic    Acid^ 
>0  (A.   269,    155),  melts,  when   rapidly 


i]COOH 
^[2]C00H' 

^^OCO  >Q  (A.  269,  155),  melts,  when  rapidly  heated,  at  213°, 
decomposing  at  the  same  time  into  the  anhydride  and  water.  It  is 
obtained  by  oxidizing  naphthalene  and  tetrachlornaphthalene  with  nitric 
acid.  It  is  made  technically  in  large  amounts.  It  also  results  on  oxid- 
izing o-xylene  and  o-toluic  acid  with  potassium  permanganate,  alizarin 
and  purpurin  with  nitric  acid,  or  with  manganese  dioxide  and  sulphuric 
acid ;  and  in  slight  amount  in  the  oxidation  of  benzene  and  benzoic  acid. 
It  cannot  be  prepared  by  using  chromic  acid  as  an  oxidizing  agent,  since 
the  latter  burns  it  at  once  to  carbon  dioxide.  It  can  be  synthetically 
obtained  from  o-nitrobenzoic  acid  by  converting  the  latter  into  o-cyan- 
benzoic  acid  and  then  boiling  this  with  alkalies  (p.  241). 

History. — Laurent  first  obtained  the  acid,  in  1836,  by  oxidizing  naphthalene  tetra- 
chloride. He  considered  it  a  naphthalene  derivative  and  named  it  naphthalinic  acid 
(A.  19,  38).  After  Marignac  had  deduced  the  correct  formula,  C8HJO4  (A.  38,  13),  and 
demonstrated  that  the  acid  was  not  a  derivative  of  naphthalene,  Laurent  gave  it  the  name 
phthalic  acid  (A.  41,  107). 

When  heated  with  an  excess  of  calcium  hydroxide  it  yields  benzene  and  2CO,.  Only 
I  CO,  is  split  off  and  calcium  benzoate  produced  if  its  lime  salt  be  heated  to  330-350^ 
with  one  molecule  of  Ca(OH),. 

Sodium  amalgam  converts  phthalic  acid  into  di-,  tetra-,  and  hexa-hydrophthalic  acids. 

Esters. — As  the  investigation  of  phthalyl  chloride  seemed  to  assign  a  lactone  formula 
to  this  body,  in  which  the  two  chlorine  atoms  were  attached  to  the  same  carbon  atom, 
search  was  made  for  two  series  of  esters.  However,  the  action  of  alkyl  iodides  upon  the 
silver  smlt,  and  that  of  alcohols  upon  the  chloride,  produced  ibt  &axcft  ^\«i%  V^k.  v>S^>'V^^* 
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If  we  disregard  intramolecular  atom-rearrangement,  this  beluiTior  wo«iId  argne  for  cor- 
resiwjnding  formulas  for  the  chloride  and  riWer  salt.  The  methyl  esUr  boUs  at  a&P,  and 
ihe  eihvl  ester  at  288°  (R  16,  860).  These  esters  condense  with  acetic  ester,  acetine, 
and  similar  bodies  in  tlie  presence  of  sodium  ethylate,  forming  diket9kydrindtne  dcrifs- 
tivcs.  The  phenyl  ester  melts  at  70**  (B.  7,  705 ;  aS,  108).  The  Hhyl  tsUr  aad\»t 
heavy  oil. 

CA/oriJes.— The  chloride  of  the  ethyl  ester-acid  is  a  decomposable  oil,  produced  wbeo 
I»C1,  acts  uix>n  the  ethyl  ester-acid  (B.  ao,  loil). 

Phthalyl  Chloride,   C,H,|[j|^^j  or  C,H,|^JJ^>0,  solidifies  at  o'  and' 

boils  at  275°.  It  results  upon  heating  the  anhydride  for  several  hours  with  an  cqni- 
molccular  quantity  of  PCI4  at  200°  (A.  238,  329).  The  conversion  of  phthalyl 
chloride  with  glacial  acetic  acid  and  sodium  amalgam  into  o-phthalyl  alcohol  is  aa 
ar^jumcnt  favoring  the  sym.  formula  (p.  232).  The  unsym.  formnla  is  evident  &qbi 
cuiivcrsion  of  the  chloride  by  zinc  and  acetic  acid  into  phthalide  (p.  233),  diphthaljl, 

( ',  1 1 J  ^^  \>0  _P<!^  I  C,H^,  and  hydrodiphthalyl,  and  with  bensene  and  alnmiDiiiB 

chloride  into  phthalophenone  or  diphenylphthalide. 

PhthalyUne  Tetrachlorides. ^ViZ\  converts  phthalyl  chloride  into  phthalylene  tetra- 
chloride, melting  at  88^,  and  phthalylene  tetrachloride,  mehing  at  47^.  These  can- 
not be  changed   into  one  another.     Their  crystals  have   been  measured.     Both  yieM 

pbtlialic  acid  and  have  been  assigned  the  formulas  C^H^-j  roAi  ""^  ^t^^*!  CCL'^^" 
'I'hr  formation  of  the  two  chlorides  is  only  comprehensible  from  the  nnsymmecrical 
phthalyl  chloride  formula  (B.  19,  1 188).  The  chloride,  melting  at  88^,  is  also  ob- 
tained in  the  action  of  PCl^  u|X>n  phthalide  chloride  (p.  234).  This  reaction  aigoesfor 
tlie  unsyninietrical  formula,  just  as  well  as  the  conversion  into  diphenylanthrone  (ste 
this)  l)v  CDridonsation  with  l^enzene  by  means  of  Al^Cl^  or  concentrated  sulphuric  acid 
(15.  28.' R.  772). 

Phthalic  Anhydride,  C',H,  |  f  2^00 -^^^  melting  at  128°  and  boiling  at  284°,  sob- 
lim«  s  readily  in  lon^  needles.  It  results  upon  fusing  phthalic  acid  or  digesting  it  with 
acetyl  chloride  ( H.  10,  32C).  Phthalic  anhydride  yields  condensation  products  is 
readily  as  benzalilehyde : 

Thus,  phthalyl  acetic  acid  is  formed  on  boiling  the  anhydride  with  acetic  anhydride. 
It  r^MCts  in  like  manner  with  malonic  ester  and  acetoacetic  ester.  At  more  elevated 
teniporaturos  it  c<)inl)ines  with  homologous  fatty  acids,  with  the  elimination  of  CO,  and 
the  foniiation  of  alkylidene  phth.ilides.  It  condenses  with  phthalide  to  diphthalyl  (see 
this).  With  the  j)hon(»ls  it  yields  the  important  phthalein  dyes  (see  these),  a  group  of  tri- 
phenylniethane  dyes,  comprising  certain  beautifully  fluorescent  compounds.  Thio- 
phth'alic  Anhydride,  ('gll^(C(>),S,  melts  at  114°  and  boils  at  284®  (B.  17,1176). 
Phthalyl  Superoxide,  ^V^KX),),,  melts  at  133°,  giving  gas  evolution.  When 
hoalfd  rapidly  U\  I  v>"  it  explixles.  It  is  formed  when  phthalyl  chloride  is  acted  upon 
with  a  sodium  poroxidi-  S(»liition  (H.  27,  I51I). 

Phthalamic  Acid.  C.M.  {  [' jg]!,]!!,  or  C.H.{[yC(Nnj(OH)>o.  mehing.. 

148°,  is  formed  from  the  anhydride  and  ammonia,  or  when  baryta-water  acts  upon 
ihthalimide  (H.     19,    1402).     Anilic    Acid    melts    at    192^.      Phthalic   Diamide, 

'^^"•{[21c(\'nm;  «^  ^V^liya^--^^^*  ™*^^^^  ^^  140-1600,  changing  at  the 
same  lime  to  phihalimide.  It  is  pro<luced  when  ammonia  acts  upon  the  ester  (B.  19. 
1399;  21.  K.  612;  24,  R.  320;  25,  R.  911). 

Phthalimide,  Cell,  |  [y^^.^^> Nil  or  C,H,  {  [y^^=l£^>0,  melting  at  238^ 
is  obtained  : 

By  heating  phthalic  anhydride  or  chloride  in  ammonia  gas  ; 
•  By  healing  phthalic  acid  with  ammonium  sulphocyanide  (B.  19,  2283)  ;  from  pbtbal- 
amide,  and 

By  the  molecular  rearrangement  of  the  isomeric  o-cyanbenzoic  acid  (p.  236). 


NITRILES  OF  PHTHALIC  ACID.  241 

It  Umns potassimm p^f^oUmtde^  C0H4(CO)2NK,  by  the  action  of  alcoholic  potash. 

Salts  of  the  heavy  metals  can  be  obtained  from  it  by  double  decomposition.  Potas- 
sinm  phthalimide  is  readily  rearranged  or  transposed  with  organic  halogen  derivatives, 
consequently  it  is  frequently  employed  in  the  preparation  of  numerous  amines  (p.  162). 
While  by  this  means  alkylogens  yield  symmetrical  alkylimides  of  the  formula  CfH^(CO)- 
NR, — €.  g,,  s-methyl-  and  bensylphthalimide,  melting  at  132^  and  115^, — unsym- 

metrical  alkylimides  of  the  formula  C^H^  <  rQ__:>0  are  obtained  from  the  interac- 
tion of  phthalalkylamic  acids  and  acetyl  chloride :  unsym.  methyl-  and  benzylphihaHmide 
melt  at  78®  and  8l*>  (B.  27,  R.  737). 

Reduction  changes  phthalimide  to  plithalimidine  (p.  234),  while  bromine  and  caustic 
potash  convert  it  into  anthranilic  acid  (p.  211). 

Phthalanil,  C0H4(CO),NC0H(,  melts  at  203°.  It  is  obtained  from  phthalic  acid 
and  aniline;  also  upon  boiling  o-benzoylbenzoic  acid  with  aniline  hydrochloride  (H. 
26,  1261).  Phthalylphcnylhydrazide,  C,H.(C0),(NHNHC.H5),.  melts  at  1610. 
Phthalylhydrazine^QJAJsS^(y)J^Vi)^^i\om.  phthalic  anhydride  and  hydrazine  hydrate, 
sublimes  at  200^.     Phthalimide  and  hydrazine  yield  an  isomeric  phthalhydrazine  (B. 

a8,  R.  429;  29,  R.  987). 

aPhthalylphenylhydrazine,  C,H^(CO),N .  NHC,Hg,  melts  at  I78*>. 

I  CONH 
^-Phthalylphenylhydrazine,  C^H^  \  p^^p  „  »  ™elts  at  210°  (B.  19,  R.  303 ;  20, 

R.  255).  Phthalylhydrozamic  Acid,  C^H^CjO/nOH,  melts  at  230°  (B.  16,  1781 ; 
28,  R.  998). 

NitriUs  of  Phthalic  Acid:  o-Cyanbenzoic  Acid  is  produced  when  anthranilic  acid 
is  treated  with  nitrous  acid  and  cuprous  cyanide.  It  rearranges  itself,  upon  the  applica- 
tion of  heat,  into  phthalimide  (B.  x8,  1496 ;  19,  2283  ;  25,  R.  910).  o-Cyanbenzoic 
Acid  Ester  melts  at  70°  (B.  19,1491).  o-Cyanbenzotrichloride,  CN[2]C0H^CC1„ 
melting  at  94°  and  boiling  at  280°,  is  oUained  from  o-tolunitrile  (B.  20,  3199). 
o-Phthalonitrile,  CfIl4[i,2](CN),,  melting  at  141°,  is  obtained  from  oaraidobenzonitrile 
through  the  diazo-compound  (B.  29,  630). 

Substituted  €>- PhthalU  Adds. — Substituted  naphthalenes  and  substituted  toluic  acids 
yield  substituted  phthalic  acids  when  they  are  oxidized.  Tetrachlorphthalic  Acid, 
0^0^(00211)2,  melts  with  anhydride  forniation  at  250°.  It  is  obtained  from  pentachlor- 
naphthalene  (A.  149,  18).  ^/tr^  different  ethyl  esters  were  obtained  on  the  one  hand 
from  the  chloride,  and  on  the  other  from  the  silver  salt  (A.  238,  326) ;  the  ordinary  ester 
melting  at  60^,  and  another  melting  at  124°. 

3-  and  4-Iod-o-phthalic  Acids  melt  at  206°  and  at  182®  (B.  29,  1575,  R.  792). 
Tetraiod-o-phthalic  Acid  melts  at  324-327°  (B.  29,  1634).  3-  and  4-Nitro-o- 
phthalic  Acids  melt  at  219°  and  161°.  3-  and  4-Amido-o-phthalic  Acids  (A.  208, 
245).  Sulpho-o-phtbalic  Acid  is  obtained  by  heating  naphthols,  naphthylamines,  and 
naphthalene  sulphonic  acids  with  concentrated  sulphuric  acid  and  mercury  to  220-300° 
(B.  29.  2806). 

Oxy-o-phthalic  Acids. — They  are  recognized  by  the  melting  points  of  their  an- 
hydrides, into  which  they  change  upon  the  application  of  heat. 

3 -Oxy-o-phthalic  Acid  Anhydride  melts  at  147°  (B.  x6, 1965).  Dinitro-3-oxy- 
ophthalic  Acid  is  Juglonic  acidy  which  can  also  l>e  ol>tained  by  the  action  of  nitric  acid 
upon  juglone.  a  naphthalene  derivative  (B.  19,  168).  4- Oxy-o  phthalic  Acid  Anhy- 
dride melts  at  165°  (A.  233,  232). 

Norhemipinic  Acid-,  3,4-Diozyphthalic  Acid  Anhydride,  melting  at  238°,  is 
produced  when  3,4-dichlorniethoxyphthalic  acid  anhydride,  (ClCH,0),CjH,(C())5(), 
melting  at  156°,— the  reaction  product  of  PCI5  and  hemipinic  acid  at  180°,— is  digested 
with  water.  Hemipinic  Anhydride,  3,4-dimethoxyphthalic  anhydride,  melts  at 
167°.  The  acid  is  formed,  together  with  opianic  acid  and  meconine,  in  the  oxidation  of 
narcotine  ;  also  with  meconine  on  fusing  opianic  acid  with  caustic  potash : 

(CH,0),C^H.  {  COOH  ^^_  (CH.O).C.H,  {  ^f  O" J-  (CH,0),C.H,  {  ^O  >0 

Hemipinic  Acid  Opianic  Acid  (p.  237)  M^couine  C:^.  i-i^^V 

II — 24 
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Consult  n.  29,  R.  96,  for  the  hemipiiiuiudo-acids  and  the  heinipiiiniiides. 
6-Amidohemipinic  Acid  is  produced  on  botling  its  anhydride  with  boTtirWrier. 
llie  anhydride  is  axo-opianic  acid  or  2,3-diniethcMcy-S,6-aiithranilcariwiylic  acid, 

(cn,o),c.H(co,ii){^^  (p.  238). 

Normetahemipinic  Anhydride  melts  at  247^.  lletahemipinic  Anhydride  ndts 
at  175^.  Metahemipinic  Acid  or  4,5-Dimethoxy-o-phthalic  Acid  was  obciined  in 
the  decomposition  of  papaverine  ( B.  24,  R .  902) .  Methylene  Meiakemipimk  Eiker  Add, 
(CH,0,)C,n,(COOH)„  is  hydraatic  acid,  formed  in  the  oxidatioo  of  A/dfostmrne. 
The  oxidatiun  of  cotamine  yields  cotamic  acid  or  meikyUnt  metkyl-etker—i^' 
trioxyophthalic  acid,  (CH,0,)(CH,OjC;H(COOH)r 

Isophthalic  Acid,  Benzene-m-dicarboxylic  Acid, 
^•"*  {  [3]co'h»  ™^^^  above  300®  and  sublimes.  It  is  formed  by  oxidiz- 
ing m-xylene  (p.  54)  and  m-toluic  acid  with  a  chromic  acid  mixture; 
by  the  further  oxidation  of  m-phthalyl  alcohol  ethyl  ether,  obtained  from 
m-xylylene  bromide  and  alcoholic  potash  (B.  ax,  47),  and  from  m-dicyan- 
l)enzene  and  ra-cyanbenzoic  acid  (p.  242).  The  last  two  methods  penoit 
of  nucleus-syntheses  from  the  corresponding  amido-compouods,  m-phcnyl- 
enediamine  and  m-amidobenzoic  acid. 

The  acid  is  also  formed  when  potassium  m-sulpho*benzoate,  m-hrom- 
benzoate,  and  benzoate  are  fused  with  potassium  formate  (terephthalic 
acid  is  also  formed  in  the  last  two  cases) ;  by  the  action  of  the  ester  of 
chlorcarbonic  acid  and  sodium  amalgam  upon  m-dibrombenzene;  also  by 
heating  hydro-pyromellitic  and  hydro-prehnitic  acids  (p.  246). 

Isophthalic  acid  is  soluble  in  460  parts  hoiling  and  7800  parts  cold  water.  It  docs  not 
yield  an  anhydride.  Reduction  changes  it  to  tetrahydroisophthalic  acid.  The  harwm 
'salt,  C'^H^(C6j)J?a  -f  6Hj()  (A.  260,  30),  is  very  soluble  in  water  (distinction  between 
phthalic  and  terephthalic  acids). 

The  Dimethylisophthalate  melts  at  64'*. 

hophthiilyl  duhloriJe  melts  at  41°  and  boils  at  276®.  The  dihydrazide  melts  at  220°. 
Nitrous  acid  converts  it  into  isophthalazide,  CgH^fCON,),,  melting  at  56^.  Boiling 
alcohol  converts  it  into  m-phenylene-urethane,  CjH^(NHCO,C,n5),  (B.  29,  R.  987). 

m-Cyanbenzoic  Acid  melts  at  217^  (B.  20,  524). 

m-Dicyanbenzene  melts  at  158°  (B.  17,  1430). 
Substituted  Isophthalic  Acids. 

The  5-chlor-,  5-iod-,  and  5-aniidophthalic  acids  can  be  prepared  from  5-nitroiso- 
phthalic  acid.  The  nitration  and  sulphonation  of  isophthalic  add  produce  5-nitroi80- 
phthalic  acid  and  5-sulpho-isophthalic  acid  (see  benzoic  acid,  pp.  210,216).  The 
4-brom-,  4-iod-,  4-amido-,  and  4-sulpho-isophthalic  acids  are  obtained  by  the  oxi- 
dation of  the  corresponding;  toluic  acids  (B.  24,  3778;  28,  84;  25,  2795;  I4*  ^^T^)- 
Tetrachlor-,  tetrabrom-,  and  tetraiod- phthalic  acids  melt  at  181°,  290*^,  and  310° 
(H.  29,  1632). 

Homologous  Isophthalic  Acids. — There  are  four  theoretically  possible  methyliso- 
phthalic  acids,  of  which  uvitic  acid  may  be  mentioned. 

Uvitic  Acid,  Mesidic  Acid,  ^  Methyl  IsophthalU  Acid,  CH,[5jCgH,[i,3](CX),H)„ 
melting  at  287°,  is  obtained  by  oxidizing  mcsitylene  with  dilute  nitnc  acid.  It  is  formed 
synthetically  by  boiling  pyroracemic  acid  with  Iwiryta- water  (p.  42).  This  synthesis  of 
uvitic  acid  from  pyroracemic  acid  is  due  to  the  condensation  of  two  molecules  of  pyrora- 
cemic acid  with  one  molecule  of  acctaldehyde.  In  this  reaction  a  portion  of  the  pyro- 
racemic acid  is  decom|K)sed.  If  a  mixture  of  pyroracemic  acid  and  higher  fatty  alde- 
hydes be  usetl,  homoloji^ous  alkylisophtha lie  acids,  C,H,(R)(CO,H),,  will  result.  Thus 
propyl  aldehyde  produces  S-ethylisophthalic  acid,  isobutyric  aldehyde  yields  5-isopropyl 
isophthalic  acid,  etc.   (Doebncr,  B,  23,  377).     Chromic  acid  03(idises  these  acids  to 
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triinesic  acid  (p.  245)  ;  distilled  with  lime,  uvitic  acid  at  first  yields  inelaioluic  acid,  tlicn 
toluene. 

Xylidic  Acid,  i^- Methylisophthalic  Acid,  CIIj[4]C,H,[i,3](C05,H)„  melting  at 
2S2®,  is  obtained  by  oxidizing  pseudocumene,  xylic  acid,  and  isoxylic  acid  with  dilute 
iftitric  acid.     Potassiam  permanganate  oxidizes  it  to  trimellitic  acid. 

2-Mesityli8ophthalic  Acid,  melting  at  235^,  results  from  the  reduction  of  2,6- 
dkaibooplienylglyoxylic  acid  with  phosphorus  and  HI  (B.  29,  R.  283). 

Osyisopbthalic  Acids  are  obtained  by  the  same  methods  from  oxybenzoic  acids  and 
aildehyde  oxybenzoic  acids  as  the  latter  are  got  from  phenols  and  phenol  aldehydes. 
.Amido-  and  sulpbocarboxylic  acids  also  serve  as  starting-out  material  (B.  x6,  1966 ;  25, 

R.9). 

2-0«y-,  4-Oxy-,  and  S-Oxy-isophthalic  Acids  melt  at  243°,  305®,  and  288°. 

OxyuviHc  Acids. — Mention  may  U;  made  of  4-Oxyuvitic  Acid,  (CHj)[5](HO)[4]- 
^•^L'*3]{^^3^)s*  pi^uced  by  the  action  of  chloroform,  chloral,  or  trichloracetic  ester 
vipoD  sodium  acetoacetic  ester  (A.  aaa,  249). 

Terephthalic  Acid,  Benzene-'^-dicarboxylic  acid,  C«H4[i,4](C02H)„ 
sublimes  without  melting.  Isophthalic  acid  was  obtained  from  m-deriva- 
fives  of  benzene ;  in  a  similar  manner  terephthalic  acid  is  formed  from 
pdiderivatives :  p-xylene,  p-toluic acid,  p-dicyanbenzene,  p-cyanbenzoic 
acid,  p-dibrombenzene,  etc.  The  best  course  to  pursue  in  forming 
terephthalic  acid  is  to  oxidize  caraway  oil  (a  mixture  of  cymene  and 
cuminol)  with  chromic  acid,  or  it  may  be  prepared  from  p-toluidine  (B. 
22,  2178). 

Terephthalic  acid  is  almost  perfectly  insoluble  in  water,  alcohol,  and 
ether.  When  reduced  it  yields  di-,  tetra-,  and  hexahydro-terephthalic 
acids. 

The  barium  salt,  QH^O^Ba  -f  4H,0,  is  very  sparingly  soluble  in  water.  The  methyl 
ester  melts  at  140°. 

The  chloride  melts  at  78®  and  boils  at  259^  The  amic  acid  melts  at  214°.  The 
dihydrazide  melts  above  300®.  The  diazide,  C-H^[i,4](CONj),,  melts  at  110°  (B.  29, 
R.  987). 

p-Cyanbenzoic  Acid,  CN[4]C,Il4CO,H,  from  p-amidobenzoic  acid  (pp.  38,  214), 
melts  at  2I4<». 

p-Dicyanbenzene,  C.H^[i4](CN)„  melts  at  215°. 

Mononitroterephthalic  Acid  melts  at  259^. 

It  and  Bulphoterephthalic  acid  are  produced  in  the  nitration  and  sulphonation  of 
terephthalic  acid.  2,3-,  2,6-,  and  2,5-Dinitrophthalic  Acids  are  also  known  (B.  28, 
81).  Consult  B.  29,  1625,  2833,  for  tetrachlor-,  tetrabrom-,  and  tetraiodtere- 
pbthalic  acids. 

Alkyl  Terephthalic  Acids. — The  oxidation  of  pseudocumene  and  durene  gives  rise 
to  4-methylterqphtbalic  acid,  a-xylidic  acid,  melting  at  282°,  and  to  2,5-dimetbyl- 
terephthalic  acid,  p-cumidic  acid  (li.  19,  2510). 

Ozyterephthalic  Acids. — Oxyterephthalic  acid  has  been  obtained  from  nitrotere- 
phthalic  acid.  It  sublimes  without  melting.  2,5-Dioxyterephthalic  acid  is  the  most  in- 
teresting of  the  three  possible  dioxjrterephthalic  acids.  Mention  is  made  of  it  l)ecause  of  its 
connection  with  succino-snccinic  ester.  Its  diethyl  ester  may  l)e  prepared  by  withdraw- 
ing two  hydrogen  atoms  from  succino-succinic  ester  by  means  of  bromine  or  PCl^  (B.  22, 
2107),  or  by  the  action  of  sodium  ethylate  upon  dibromacetoacetic  ester  (A.  2x9,  78). 

2,5  Diozyterephthalic  Acid,  (HO),C,H,(CO,H),  -}-  2H3O,  crystallizes  from  alcohol 
in  yellow  leaflets.  Ferric  chloride  imparts  a  deep  blue  coloration  to  its  solution.  ^  When 
rapidly  distilled  it  decomposes  into  two  molecules  of  carbon  dioxide  and  hydroquinone. 

2,5 -Diozyterephthalic  Ethyl  Ester  crystallizes  in  two  distinct  forms :  at  the  ordinary 
temperature  vn  yellermsh-green  prisms  or  plates ;  at  higher  temperatures  in  colorless  leaflets. 
It  also  sublimes  in  the  latter  form.  It  melts  at  133®.  In  most  of  its  reactions  the  ester 
cooducu  itself  like  an  hydroxyl  derivative.     It  dues  not  combint  with  \i>f dxo:^^\^vii^  ^1 
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phenylhydimzine,  and  with  sodinm  and  alkjl  iodidei  yields  dialkjl  cileiB.  &,  howcio; 
does  not  react  with  phenylcyanate  (p.  89)  (B.  M3,  259),  and  shows  acme  anslogla 
with  snccino-sucdnic  ester.    Hence,  it  is  oooaidered  a  qoinone-  or  difcetD-dcrifalive. 

C.H.O.C.<^°«^-^"„«^.COAH.  «  CHAC.C^|5^C.C0.(^ 

Dioxjterephthalic  ester,  hy  reductioo  (boiling  with  cine  and  hydrodiloric  add  is 
alcoholic  solution),  is  again  changed  to  sncdno-socdnic  ester  ^B.  19, 432;  is,  3169). 
A  dihydroxainic  acid  is  formed  with  hydrozylamine  hydrochlonde ;  tetrahydrodkny- 
terephthalic  acid  is  produced  at  the  same  time  (B.  aa,  12S0).  The  different  phyiical 
modifications  of  the  ester  and  analogous  compounds,  accofding  to  Hantzscfa,  cone^jonl 
to  two  desmotro|nc  conditions — the  colored  Yariety  agreeing  with  the  qninone  foniuU, 
while  the  colorless  corresponds  to  the  hydroxyl  formula  (B.  aa,  1294).  However,  the 
color  cannot  lie  regarded  as  a  certain  criterion  for  the  distinction  of  the  ketone  fron  the 
hydroxyl  form.  Even  chemical  reactions  do  not  prove  that  desmotropic  fonns  caa  be 
accepted  (Nef,  B.  23,  R.  585 ;  Goldschmidt,  B.  23,  R.  260). 

Succino-auccinic  Acid,  whose  ester  by  the  removal  of  hydrogen  yields  2,5-dioxy 
terephthalic  ester,  will  be  discussed  in  connection  with  the  hydro-aromatic  oonpoandt. 

TrioxydUarboxylU  Acids, — Qallocarbozyltc  Acid,  THixy-t^pkikalic  Aad^  (HO)^- 
[3«4t5l(«H(C(),H),.  melts  at  27&*,  with  decomposition.  It  may  be  ptepared  fiRxs 
pyrogallol  by  heating  it  to  130°  with  ammonium  carbonate.  I^rrogallo-carboaylic  add 
is  formed  at  the  same  time  (B.  13,  1876). 

{6)  Aromatic  Dicartxniylic  Acida  eomtaining  lCO.H  in  ike  nueUm  and  iOO,H  n 
the  side-chain.  The  three  a-homophthalic  acids,  or  phenylacetic  carboxylic  adds,  are 
kno^n.     The  o-acid  readily  forms  heterocyclic  derivatives. 

Phenylacetoo-carboxylic  Acid,o-a--*Piw£»/^Mtf/if  tfr7'</,CO,H[2]C,II^CH, .  CO,H, 
meltinj^  at  175°,  with  the  elimination  of  water,  may  be  obtained  by  fusing  gamlx)ge  with 
caustic  potash  (B.  19,  1654),  and  by  saponifying  cyan-o-toluic  acid.  lK&aHhydridemt\\s 
at  141°. 

o-  Homophthalimide,  melting  at  233^,  is  produced  when  the  ammonium  salt  is  heated, 
and  wlien  acids  act  uix>n  the  dinitrile.  In  the  latter  case  o-cyanphenylacetic  acid,  pro- 
duced at  first,  rearranges  itself  into  homophthalimide,  just  as  o-cyanbenzoic  acid  yields 
phthalimide  (p.  240)  (B.  23,  2478).  It  is  rather  remarkable  that  o -homophthalimide, 
when  heated  with  phosphorus  oxychloride,  yields  dichlorisoquinoline^  which  becomes 
isoquinoline  when  further  heated  with  hydriodic  acid  (B.  27,  2232,  2492) : 

[I]CI!,CN  CH,.CO      poCl,  yCH 

^C,h/  I       ^C,H,<^ 

ICN  ^CO.     NH  ^Ca:N 

o-Cyaiiheirzy1  Cyanide  Homophthalimide  Dichlorisoquinoline 

Homophthalimide  is  directly  converted  into  isoquinoline  when  it  is  heated  vrith  zinc- 
dust. 

The  hydrogen  atoms  of  the  CH,-groups  are  replaced  by  two  alkyls  when  homo- 
phthalimide is  heated  with  caustic  potash  and  alkyl  iodides.  ilf<Mf<^alkyl-o-benzylcy- 
anides  yield  monoalkyl  homophthalimides,  which  rearrange  themselves  in  the  same  man- 
ner as  homophthalimide  into  alkyl  isoquinolines  (B.  ao,  2499). 

<j  Cyanotoluic  Acid,  C0,'H[2]C,H^CH,CN,  melts  with  decomposition  at  116°. 
Its  potassium  salt  is  obtained  from  phthalide  (p.  234)  and  potassium  cyanide  (A.  233, 
102). 

o  Cyanbenzyl  Cyanide,  o-a-Homophthalonitrile^  CN[2]C,H4CH,CN,  melting  at 
81^,  is  obtained  from  o-cyanbenzyl  chloride  (p.  234).  Caustic  potash  and  alkylogeos 
effect  the  replacement  of  an  hydrogen  atom  in  the  methylene  group  by  an  alcohol  radi- 
cal (see  homophthalimiile).  Acetyl  chloride  converts  it  into  V^iiacetyl-o-cyanbenzyl 
cyanide,  CN  .  C^H^CXCN) :  C(CH,)CK:0CH„  which  may  be  rearranged  into  3.methyl- 
isoquinoline  (B.  ay,  2232). 

Homoiaophthalic  Acid  and  homoterephthalic  acid  melt  at  237**.  Both  sublime, 
m  and  p-Cyanbenayl  Cyanides  melt  at  88<»  and  \fxP  (B.  24,  2416).    The  dinitrile^ 
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the  two  nitrilo-  and  antic  acids,  the  two  possible  amidonitriles^  and  the  diamide  of  homo- 
terephthalic  acid  have  been  prepared  (B.  2a,  3207 ;  26,  R.  89,  602). 

o-Hjrdrocinnamic  Carbozylic  Acid.  CO,H[2]C,H4CH,CIIjCO,H,  melts  at  1650. 
It  is  formed  by  oxidizing  ittrahydro-fi-naphthylamint  with  potassium  permanganate,  and 
\tf  the  reductioo  of  dihydroisocoumarine  carboxylic  acid  (B.  26,  1841),  as  well  as  from 
o-carboophenyl  glyceric  acid-d-lactone  (B.  25,  888).  It  yields  ahydrindone  (B.  26, 
708)  upon  dry  distillation. 

o-Cyanbenzyl  Acetic  Ester,  Cyanhydrocinnamic  Ester,  ^^\f[^^^^\ 
CH. .  CH. .  CO,C,H^  melting  at  98^,  is  produced  by  the  rearrangement  of  the  product 
reauting  from  the  action  of  acetoacetic  ester  or  malonic  ester  and  sodium  ethylate  upon 
cjanbenzjl  chloride  (B.  ss,  2017).    Concentrated  hydrochloric  acid  converts  it  into 

ahydriodoiie  (see  this):  C.H,<^g«>CH,. 

PbenyllMityric-o-carbozylic  Acid,  ZOJA\2\QJAJZ\\ .  CH, .  CH, .  CO,H,  melts 
sH38»(B.  18,3118). 

(r)  Aromatic  Dicarbozylic  Acids,  having  both  carboxyls  in  different  side-groups. 

0-,  m-,  and  p-Phenylene  Diacetic  Acids,  C^H^(CH,CO,H),,  melting  at  150^, 
170*,  and  244®,  have  been  obtained  from  the  xylylene  cyanides  (B.  26,  R.  941). 
o-Flienylene  diacetic  add  has  also  been  prepared  by  oxidizing  dihydronaphthalene  (see 
this).     Its  calctmn  salt  yields  ^-hydrindone  upon  distillation  (see  this)  (B.  26,  183^). 

o-Pbenyleneaceto-propionic  Acid,  CeH^(CH, .  COOH)[2](CH, .  CH,Co6H), 
melting  at  139®,  is  obtained  from  ^-oxy-a-naphthoic  acid  by  rupture  of  the  ring,  effected 
by  so£«n  and  amyl  alcohol,  just  as  pimelic  acid  is  formed  from  salicylic  acid  (pp. 
47,  222).  It  reverts  to  j3-ketotetrahydronaphthalene  when  its  calcium  salt  is  distilled 
(B.  18,  R.  745). 

0-,  m-,  and  p-Phenylene  Dipropionic  Acids,  C0H^(CH,  .  CH, .  CO,H)„  melting  at 
161^,  146S  and  223°,  are  fonned  from  xylylene  dimalonic  acids  (B.  19,  436 ;  21,  37). 


9.  ALDBHYDO-DICARBOXYLIC  ACIDS. 

2-A!deliydo-isophthalic  Acid,  melting  at  175°  to  176®,  results  from  heating  2,6-di- 
carbophenylglyoxylic  acid  (B.  26,  1767  ;  30,  695). 

5*Aldebydo-4-ozy-  and  5-aldebydo-3-oxyi8ophthalic  acids  are  formed  from  the 
corresponding  oxyisophthalic  acids  by  means  of  chloroform  and  caustic  potash  (B.  xi, 
793)- 

10.  TRICARBOXYLIC  ACIDS. 

The  three  isomeric  benzene  tricarboxylic  acids,  CqH,(C0,H)3,  are  known.  Tri- 
mesic  Acid ,  ( l  ,3,  ^yBenxenetricarboxylic  Acid^  melts  about  300**,  and  sublimes  near  200°. 
It  is  formed  (l)  when  mesitylenic  and  uvitic  acids  are  oxidized  with  a  chromic  acid  mix- 
ture ;  (2)  by  heating  roellitic  acid  with  glycerol,  or  hydro-  and  isohydromellitic  acid  with 
salphoric  acid.  A  synthetic  method  for  its  production  consists  in  (3)  heating  benzene- 
1, 3.5 -trisulphonic  acid  ¥rith  potassium  cyanide  and  saponifying  the  resulting  cyanide.  By 
the  condensation  of  certain  aliphatic  substances  the  acid  and  its  esters  have  been  obtained 
(I )  by  polymerizing  propiolic  acid  ;  (2)  by  the  production  of  its  monomethyl  ester  through 
the  action  of  caustic  potash  upon  coumalic  acid  (B.  24,  R.  750) ;  (3)  its  triethyl  ester 
from  formyl  acetic  ester.     Its  trimethyl  ester  melts  at  143^.     Its  triethyl  ester  melts 

^  133**. 

Trimellitic  Acid,  {l^^^Benxme  tricarboxylic  Acid.  This  is  obtained  (together 
with  isophthalic  acid)  by  heating  hydropyro-mellitic  acid  with  sulphuric  acid,  or  upon 
oxidizing  xylidic  acid  with  potassium  permanganate,  also  from  amidoterephthalic  acid 
(B.  ZQ,  1635).  It  is  prepared  most  readily  (along  with  isophthalic  acid)  by  oxidizing 
colophony  with  nitric  acid  (A.  172,  97).  It  melts  at  216°,  decomposing  into  water  and 
the  anhydride,  C,H,(CO,H)(CO),0.     The  latter  melts  at  1580. 

Hemimellitic  Acid,  (i^z^-tl^- Benzene  tricarboxylic  Acid.  This  is  fonned  on  heating 
bydromellophanic  acid  (below)  with  sulphuric  acid,  as  well  as  in  the  oxVOLsUotk  o\  v^^'i^* 
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glyoxyldicarboxylic  acid,  formed  from  nftphthAlic  acid  by  acUoD  of  KHnO^  (B.  19, 3S3). 
It  melts  at  185®  and  decomposes  into  phUialic  anhydride. 

Ozytricarbozylic  Acids  have  been  obtained  from  the  snlphotiicaiboxyUc  adds: 
ozytrimesic  acid  (A.  206,  204) ;  ozytrimellitic  acid — see  B.  16,  192. 

Phloroglucin-tricarbozylic  ester  and  diosyphenylaceto-dicarboiylic  ester,  cod* 
densation  products  of  sodium  malonic  ester  and  aodinm  acetone  dicarboxylic  ester,  uc 
probably  hydroaromatic  compounds. 


II.  AROMATIC  TBTRACARBOXYLIC  ACIDS. 

The  three  isomerides  are  known.  Reduction  converts  them  into  tetnhydrobeDKiie 
tetracarboxylic  acids  (see  these). 

Pyromellitic  Acid,  1,2,4,$  Bentnte  TetracarhaxyHc  Add,  CLH,(C0,I{)4  +  2H,0, 
melts  when  anhydrous  at  264°  and  decomposes  into  water  and  its  anhydride,  which  ispro- 
<luced  when  mellitic  acid  is  distilled,  or,  better,  when  the  sodium  salt  is  subjected  to  the 
same  treatment  with  sulphuric  acid.  The  add  is  also  produced  by  oxidizing  durene  ind 
durylic  acid  with  potassium  permanganate. 

The  diankydnde,  C,H,/^^2>oV,  melts  at  286*.     The  ethyl  esier,Zfi^\S^  - 

Cjllj),.  melts  at  53«. 

Dinitro-  and  diamidohydromellitic  tetraethyl  esters  melt  at  130^  and  I34°< 
Nitric  acid  oxidizes  the  diamido-ether  to: 

Quinone  Tetracarboxylic  Ester,  C,(0,)(CO, .  C,Hj)4,  crysUllizing  m  quiooM- 
yellow  needles,  melting  at  149^.  It  is  odoness,  but  sublimes  quite  readily.  Zmc 
r('duces  it  in  {glacial  acetic  acid  solution  to-^ 

Hydroquinone  Tetracarboxylic  Ester,  C,(OH),(CO, .  CjIIj)^,  crystallizing  in 
bright  yellow  needles,  melting  at  127°.  In  alcoholic  solution  it  is  reduced  by  zinc-dost 
and  hydrochloric  acid  to  p-diketohexamethylene-tetracarboxylic  ester  (A.  237,  25). 

Prehnitic  Acid,  ( 1,2, 3,4) -^^iis^w^  tetracarboxylic  acid,  C-H,(CO,H)\  -f  2ll,0, 
melts  when  anhydrous  at  237°,  with  the  formation  of  an  anhydride.  It  results  (together 
with  mellophanic  acid  and  trimesic  acid)  U)>on  heating  hydro-  and  isohydro-melliiic  acid 
with  sulphuric  acid,  also  by  oxidizing  i>rehnitol  with  potassium  permanganate  (B.  ai, 

907). 

Mellophanic  Acid  (i ,2,^^$)-benztnc  tetracarboxylic  acid,  melts  at  238°,  with  anhy- 
dride formation.  It  is  formed  by  the  oxidation  of  isodurcne  with  KMnO^ ;  see  prehnitic 
acid. 

X9.  AROMATIC  PENTACARBOXYLIC  ACID. 

Benzene  Pentacarboxylic  Acid,  C,II(COjH)5  -f-  6H,0,  decomposes  when  it  is 
melted.  It  is  produced  by  oxidizing  penla-methylbenzene  with  permanganate  (B.  17, 
K.  376). 

13.  AROMATIC  HEXACARBOXYLIC  ACID. 

Mellitic  Acid,  QCC'OaH)^.  When  heated  it  melts  and  decomposes 
into  water,  carbon  dioxide,  and  pyromellitic  anhydride. 

Honey-stone,  found  in  some  lignite  beds,  is  an  aluminium  salt  of  mellitic 
acid,  crystallizing  in  large  quadratic  pyramids  of  bright  yellow  color  (B. 
10,  566). 

An  interesting  formation  of  mellitic  acid  is  that  whereby  pure  carbon 
(graphite,  charcoal,  etc.)  is  oxidized  with  an  alkaline  solution  of  potas- 
siimi  permanganate.  Another  is  when  the  carbon  is  applied  as  positive 
electrode  in  electrolysis  (B.  16,  1209),  and  also  the  oxidation  of 
hexamethyl  benzene  with  KMnO^. 
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As  hexamethyl  benzene  can  be  synthesized,  this  latter  method  of  for- 
mation would  be  a  synthesis  of  mellitic  acid. 

Mellitic  acid  crjrstallizes  in  fine,  silky  needles,  readily  soluble  in  water 
and  alcohol.  It  is  very  stable,  and  is  not  decomposed  by  acids,  by 
chlorine,  or  bromine,  even  upon  boiling.  It  yields  benzene  when  dis- 
tilled with  lime. 

History, — Klaproth  (1799)  discovered  mellitic  acid  by  boiling  honey-stone  for  a  long 
period  with  water,  and  named  it  honey-stone  acid.  In  1870  Baeyer  proved  that  mellitic 
acid  was  nothing  more  than  benzene  bexacarboxylic  acid,  in  that  by  heating  with  lime  he 
obtained  benzene  and  by  reduction  found  hexahydromellitic  acid  (A.  suppl.,  7,  i). 

Salts  and  Esters. — The  barium  salt,  C,,6a,0,,  -|~  S^sO*  i^  insoluble  in  water.  The 
methyl  ester  melts  at  1870  ;  the  ethyl  ester  melts  at  73**. 

The  chloride,  C,(COCl),,  melte  at  I90<>. 

Mellimide^  Paramide,  C^  /  ^q^NH)„  is  formed  in  the  dry  dbtillation  of  the  ammo- 
nium salt  It  is  a  white,  amorphous  powder,  insoluble  in  water  and  alcohol.  Heated  to 
200^  with  water,  it  is  converted  into  the  tri-ammonium  salt  of  mellitic  acid.  The  alka- 
lies convert  paramide  into  euchroic  acid. 

{CO   OH 
CO '  OH*  c^y^^^lli^B  i°  colorless  prisms.     Heated 

with  water  to  200^,  it  yields  mellitic  acid.  Nascent  hydrogen  changes  euchroic  acid  to 
euchroney  a  dark  blue  precipitate,  which  reverts  to  colorless  euchroic  acid  upon  expos- 
ure.    Euchrone  dissolves  with  a  dark  red  color  in  alkalies. 


3.  AROMATIC  POLYALCOHOLS,  CONTAINING  MORE  THAN  ONE 
HYDROXYL  GROUP  IN  THE  SAME  SIDE-CHAIN,  AND  THEIR 
OXIDATION  PRODUCTS. 

Of  the  aromatic  polyalcohols,  having  the  hydroxyl  groups  attached  to 
different  carbon  atoms  of  the  same  side-chain,  it  is  only  the  glycols  and 
their  oxidation  products  which  have  been  studied  in  any  sense  com- 
pletely. A  more  detailed  classification  of  the  polyhydric  alcohols  and 
their  oxidation  products  is  therefore  unnecessary ;  the  compounds  belong- 
ing here  will,  for  practical  considerations,  be  included  with  the  glycols 
and  their  oxidation  products. 

The  methods  of  formation  as  they  were  applied  in  the  preparation  of 
aliphatic  glycols  and  their  oxidation  products  (i,  289)  are  more  exten- 
sively and  fully  used  for  the  phenyl  glycols  and  their  oxidation  products 
than  they  have  been  in  connection  with  any  of  the  previously  discussed 
aromatic  derivatives. 


I.  PHENYL  QLYCOLS  AND  PHENYL  OLYCBROL. 

Styrolcne  Alcohol,  C^Hj .  CH(OH) .  CH,.  OH,  Phenyl  glycol,  melts  at  67°,  boils  at 
273°,  and  is  obtained  from  styrolene  dibromide  by  the  action  of  a  potash  solution. 
Dilute  nitric  acid  oxidizes  it  to  benzoyl  carbinol  and  benzoyl  formic  acid  (A.  ai6,  293). 
Two  molecules  are  condensed  by  dilute  sulphuric  acid  to  ^-phenyl  naphthalene  (see  this). 
Styrolene  Dichloride,  a^^dichlorethyl  benzene,  C^H^CHa .  CH,C1,  is  liquid,  while 
the  dibromide  melts  at  6o^  They  result  from  the  addition  of  halogens  to  styrene  (see 
this)  or  phenylethylene. 

Phenyl  Methyl  Glycol,  C^H^ .  CH(OH) .  CH(OH)  .  CH^,  exists  in  tmo  inodV&KAr 
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tions,  a  and  /9,  like  hjdtobenzdln.    These  are  obtained  firom  pheoji 
(from  n-propyl  benzene),    llie  a-body  melts  at  53*,  the  ^  at  93®  (B.  17, 709). ' 

Phenyl  Butylene  Glycol,  C;HtCH(OH)CII. .  CH. .  CH,(OH),  mcling  it  75',  ■ 
obtained  by  reduction  from  bensoylpropionic  atdehyde  (p. 
alcohol. 

Phenylitopropyl  Ethylene  Glycol,  C;H^CH(0H)CH(0H)CH(CH.)„  BeU^ 
at  8l<*  and  boiling  at  286<*,  results  from  the  reduction  of  benzaldehyde  and  bobatyiikk- 
Hyde. 

Methylene  m,pdiosybensyl  Glycol,  [CH,O,1[3,4lC;H,CH,CH(OH)CH,(0H|, 
melting  at  82^,  and  Methylene-m,p*diox3rphenylethyienemethyl  Glycol,  (CHJ^^ 
l3.4]C;H,.CH(OH) .  CH(OH).  CH„  melting  at  ioi«,  result  from  the  action  of  RHsa 
( 1  >.  24,  3488)  upon  sa/r0/  and  isosa/roi.  The  corresponding  glycols,  melting  st  68^  tad 
88°,  are  obtained  from  mgenol  and  isoetigtnoi  (see  these). 

Stvi-enne,  C;!!^.  CH(OH).  CH(OH).CH,.  OH,  a  gummy  mass,  is  obtahied  fnm 
styrone  bromide  and  cinnamic  alcohol,  C^H^ .  CHBr .  CHBr .  CH, .  OH,  with 
permanganate  (B.  24*  349' )• 

s.  PHENYLALCOHOL  ALDBHYDB8. 

Just  as  two  molecules  of  acetaidehyde  condense  to  aldol,  so  the  nitrobenaddeliyda 
combine  with  aceuldehyde,  under  the  influence  of  very  dilute  sodium  hydroxide  (2  per 
cent.)  to  the  corresponding  aldols,  the  nitrophenyl -lactic  acid  aldehydes,  NOgC^Hi* 
C'II(OIl)CII,CHC),  which  unite  with  an  additional  molecule  of  aceUldehyde.  De- 
hydrating agents,  like  acetic  anhydride,  convert  them  into  the  corresponding  oitrocin- 
namic  aldehydes  (B.  18,  719). 

Phenyltetrose,  C^Hj .  CH(OH)CH  .  OH  .  CH(OH)  .  CX)H,  is  a  colorless  synip 
resuUinj;  from  the  reduction  of  phenyltrioxybutyric  acid  lactone  (see  this).  IXs phenyl- 
hydrazone  mclu  at  154*'. 

3.  PHENYL  KBTOL8. 

Acetophenone  Alcohol.  Benzoyl  Carbinol,  C^Hj.  CO.  CH,.  OH,  crystallizes  from 
water  and  dilute  alcohol  in  large,  brilliant  leatleU,  which  contain  water  of  crystallixatioii. 
and  melt  at  73-74°.  It  crystallizes  from  ether  in  shining  anhydrous  plates,  and  melts  at 
Ji5  •  It  is  pro<luced  in  the  oxidation  of  phenyl  glycol,  and  from  its  chloride,  i*^hlor- 
acetophenone,  by  its  conversion  into  acetate  and  saponification  with  potassium  carbon- 
ate (H.  16,  1290).  ^  ^ 

When  distilled  it  decomjHises,  with  formation  of  bitter-almond  oil.  Being  a  ketone,  it 
lorms  cr>stalline  compounds  with  primary  alkaline  sulphites.  Like  acetyl  carbinol,  it 
reduces  a  cold  ammoniacal  silver  or  copper  solution  (forming  benzaldehyde  and  benzoic 
acKi)  ami  is  oxidized  to  mandclic  acid  (p.  251)  (B.  14,  2100).  Nitric  acid  oxidizes  it  to 
piifnylRlyoxylic  acid.  It  yields  cyanhydrin  with  CNH,  which  then  forms  aphcnylglyc- 
eric  acid,  or  atroglyceric  acid  (see  this).  *  *-       J  s  / 

Bismethylbenzoyl  Carbinol,  ^•"s^CO .  CH,)-0-CH, 

,020  :,  f        ^  ^        ,  CH, O— C(0CH3)aH.  (?).  melting  at 

I  ir,ij        ^^*^  *"^"^  benzoyl  carbinol  with  methyl  alcohol  and  hydrochloric  acid  (B.  a8, 

27<^*°l°hi  ,^*'^^»"o^  Acetate,  C.H^CO.  CH,.  O  .  COCH,,  melts  at  49°  and  boils  at 

"ChlorlciroT  "'^*''  *'  "7°.     The  phenyl- ether  mf\d  wH  72^. 
^l^^^^^rnf^X^Tr^^""!^^^  ^-^foriJe,   Benzoyl  Carbinol  Chloride,  C,H,CO- 

Phenone  (B  10  ,«,  ,  ^"'"f^*^  2450,  results  from  the  chlorination  of  boiling  aceto- 
chloride.  •  '"^^oj.  as  well  as  from  benzene,  chloracetyl  chloride,  and  aluminium 

«nembran?qSrtl°^^'^^^^  celling  at   500,    attacks  the  mucous 

monlo^  ^•*»^mat^iacii^"^*  : ,"  l^  o^^^'-^incd  from  acetophenone  and  bromine,  also  by 
rhan^/.u'"8^^  «^  to  S.,/  ;^  ;j^"  »  >^ater  (B.  14,  ,238)*.  An  excess  of  alcoholic  am 
change  the  c^haloidac^^^^  derivatiye.     'ITie  acid  amides  and  thiamides 

«pnenones  into  oxazole  and  thiazole  derivatives  (see  these). 
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Qallo-chlor-acetophenone,  C,H,(OH),CC)CH|G,  and  d^-biomresacetophenone, 
containing  the  hydroxy!  group  in  the  ortho-position,  part  with  halogen  hydrides,  and 
become  keiocumaran-  or  ketodihydrocumarone  derivatives  (B.  30,  299). 

4»-Ainidoacetophenone,  C^H. .  CO .  CH, .  NH„  is  very  unsUble  in  a  free  condi- 
tion. Separated  from  its  hydrochloride  by  means  of  sodium  hydroxide,  it  changes  to 
the  base  Hs^u^s^*  inciting  at  118°,  which  ]rields  uoindol  in  the  presence  of  ammonia. 
The  hydrochloride,  (^H^ .  CO .  CH, .  NH,HC1,  melting  at  i83<>,  is  formed  when  the  iso- 
nitiosoacetophenone  is  reduced  with  tin  and  hydrochloric  acid  (B.  28,  254).  For  the 
action  of  nitrous  acid  upon  the  hydrochloride  see  B.  26,  171 7  ;  29,  R.  298.  Potassium 
cyanate  (B.  28,  252)  produces  phenylacetylene  monourein,  or  phenylimidazolon  (see 
this).  u-Acetophenone-amlide,/^nfa<7/aifi/«4/^,  ^^\  •  ^O  .  CH, .  NHC^H^,  melting 
At  93^>  is  formed  from  u-bromacetophenone  and  aniline  (B.  15,  2467),  and  may  be  con- 
densed to  o-phenylindol  (B.  2X,  1071,  2196,  2595). 

Benzoylcarbinolozime  melts  at  70°.  The  phenylhydratone^  melting  at  1 12^,  is  con- 
verted by  phenylhydrazine  into  an  osazone  of  phenylglyoxal  (B.  20,  822). 

o-  and  m-Nitro-6)-bromacetophenone8  melt  at  55°  and  96^  (A.  221,  327). 

a-Amidopropiophenone,  C^Hg .  CO  .  CHNH, .  CM,  (B.  22,  3250). 

Corresponding  to  the  nitrophenyllactic  acid  aldehydes  we  have  o-  and  p-Nitrophenyl- 
lactic  acid  ketones,  melting  at  69^  and  58<* ;  these  are  the  condensation  products  of 
o-  and  p-nitrobenzaldehyde  and  acetone  in  the  presence  of  very  dilute  sodium  hydrox- 
ide. Boiling  water  or  an  excess  of  sodium  hydrate  causes  the  o-nitroketone  to  give  up 
acetic  acid  and  water,  changing  thereby  into  indigo  (B.  16,  1968).  See  the  nitrobenzyl- 
idene  acetones. 

Benzoylbutylcarbinol,  QHj.  CO.  [CH,],.  CH,OH,  melts  at  40°  (B.  23,  R. 
500). 

4.  PHENYLALDEHYDE  KETONES. 

a- Ketone  Aldehydes,— 'V\kitTiy\  Glyoxal,  Benzoyl  formaldehyde,  C^Hj.  CO .  CH(OH)„ 
melts  at  73®.  The  anhydrous  aldehyde  boils  at  142^  (125  mm.).  It  has  a  penetrating 
odor.  It  is  obtained  from  its  aldoxime,  isonitrosoacetophenone,  upon  boiling  the  sodium 
sulphite  derivative  with  dilute  sulphuric  acid  (B.  22,  2557).  Alkalies  convert  it  into 
mandelic  acid  (p.  251);  potassium  cyanide  condenses  it  to  benzoylformoln,  just  as  it 
changes  benzaldehyde  to  benzoin.     It  yields  quinoxalines  with  o-diamines. 

<j-Dichloracetophenone,  C^H- .  CO .  CHCl,,  boils  at  253°  (B.  10.531).  cj-Di- 
bromacetophenone,  C^Hj.  CO.  CHBr,,  melts  at  36°  (B.  10,  2010;  A.  195,  161). 
<.»-Dibrom-p-iodacetophenone  (B.  24,  997).  u-Dichloro-nitroacetophenone 
melts  at  73®  (A.  221,  328).  (.>  Dibrom-o-,  -m-,  and  p-nitroacetophenones  melt  at 
85**!  59°t  and  98®  (B.  20,  2203  ;   x8,  2240  ;  22,  204). 

Isonitrosoacetophenone,  Benzoylformoxime,  C^H^CO.  CH(N.  OH),  melting  at 
127°,  is  obtained  from  acetophenone  (p.  189)  (B.  24,  1382;  25,  3459).  It  forms  isoin- 
dol  (p.  248)  by  reduction.  Phenyl  Qlyoxime,  C,H5C(NOH) .  CH(NOH),  is  known 
in  two  modifications  (compare  benzildioximes) : 


C,l  L  .  C C .  H  CJLC— CH 

II  II  (?)  II      II  (?) 

N.OH   N.OH  HO.N    N  .  OH 

Phenylamphiglyoxime  Phenylantiglyoxime 

(melts  at  168"^)  (melts  at  180°). 

Phenylamphiglyoxime  is  produced  when  hydroxylamine  acts  upon  w-dihromaceto- 
phenone  and  isonitrosoacetophenone.  When  treated  in  absolute  ether  with  hydrochloric 
acid  gas,  it  changes  to  the  an ti- modification,  which  reverts  to  the  amphi-modification  by 
recrystallization  from  indifferent  solvents  (B.  24,  3497). 

a-  and  /3Phenylg]yoxalphenylhydrazones  melt  at  142^  and  129®  (B.  22,  2557). 

Phenylglyoxalphenylo8azone,  C^Hj.  C  :  (N.  NH  .  C^Hj)  .  CH  :  (N  .  NHC^Hg), 
melts  at  152®.  (See  benzoylcarbinolphenyihydrazone)  (B.  22,  2558).  Phenylglyozal- 
methylphenylosazone  melts  at  152°  (B.  21,  2597). 

p-Toluic  formaldehyde,  CH,C^H^CO  .  CH(OH),,  melts  at  loi*>  ^B.  aa,2^6oV 
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( [i]  c-<:ho 

Afithrozanaldehyde,  C^II^j  ^  :J  1  >o      » melting  ■£  72®,  is  fonned  frosKMOto- 

phenylglycidic  acid  (p.  256)  (B.  16,  2222)  (compare  anthranil,  p.  212). 

^'Keton-aldehydei, — Formylacetophenone^  at  bensoylacetaUekyde,  wasformerijregaded 
as  /Mceton -aldehyde,  in  which,  as  in  formylacetone,  an  anaaturated  ketol,  ozym^lcM- 
acetophenone,  is  present.  This  will,  therefore,  be  discosscd  later  in  Gonnection  viA 
the  comixNinds  containing  an  unsaturated  side-chain.  The  sodiam  salt  of  oxyiiKthyleM- 
acetophenone  and  hydroxylamine  hydrochloride  yield  benzoylacetaldo2imc,C^.- 
O ) .  CH, .  CH  :  N .  on,  melting  at  86®,  which  acetic  anhydride  converts  into  cyoHoeto- 
phenone  (p.  260),  and  acetyl  chloride  into  the  isomeric  pheuylisozasole. 

> •  AV/«;M-iiA/r/rK^^j.— Benxoylpropionaldehyde,  C,H«CO .  CH, .  CH, .  CHO,  boib M 
245°. 

S.  PHENYL  PARAFFIN  DIKBTONE8. 

a-Diketones,  or  ortkotUkticnes^  are  produced  from  their  monozimes,  the  pheojfiK- 
nitrosoketones  (compare  phenylglyoxal)  by  distillation  with  dilute  <^<^><^  0*  S^^* '  ^ 
iliti;esting  with  arnyl  nitrite  (B.  2X,  2177).  Benxoyl  Acetyl,  C^H^.  CO. 00. CH, 
lK>iIing  at  214°,  is  a  yellow  oil  with  a  peculiar  odor  (B.  2X,  2119,  2176). 

w-Oximidopropiophenone,  €,(15.  CO  .  C :  (NOH)  .  CH,.  melting  at  \\f,  resulls 
from  the  action  of  nitrous  acid  upon  methylbenzoylacetic  ester. 

NO— ON 
Di-isonitro8oanethol  Peroxide,  -i^^  it     jl  JL    ^^tt     n*®^^  ^  97"i 

CH|0[4J^"4  •  ^ C  •  C"ii 

results  from  the  action  of  sodium  nitrite  upon  anethol  in  glacial  acetic  add  soliitk»  (B. 
26,  K.  891). 

'Ihe  ^^  or  metttdikf tones  result,  together  with  acetophenone,  (i)  from  the  decom- 
jx^siiion  of  the  bc'nzt>ylacetoacetic  esters  (B.  16,  2239) ;  further,  by  (2)  a  remariuibk 
coi)den.>>aiion  induced  by  sodium  alcoholate  (Claisen,  B.  20,  2178). 

The  J  cliketones  behave  like  the  /^diketones  of  the  fatty  series.  They  dissolve  in 
nikalios.  This  distinj^uishes  them  from  the  other  diketones.  They  are  colored  an 
iiULMise  red  by  ferric  chloride.  They  condense  to  isoxazoles  with  hydroxylamine  (B, 
21,  1 150).  They  form  pyrazole  compounds  with  phenylhydrazine,  just  like  the 
oxyinclhylcne/^kctones. 

Benzoyl  Acetone,  acetyl  acetophenone^  C^Hg .  CO .  CH,  .  CO  .  CH,.  melts  «t 
C»o  61°,  boils  at  260-262°,  and  readily  volatilizes  with  steam.  It  is  formed  from  bcnioyl- 
aci*i( -acetic  ester,  from  ethyl  l)enzoate  and  acetone  or  ethyl  acetate  and  acetophenone  with 
stxliuin  eiliylate,  free  fn^m  alcohol.  See  B.  27,  157I,  for  the  addition  of  CNH  to  benzoyl 
acetone.  See  J.  pr.  Ch.  [2]  48,  489,  for  the  action  of  urea  and  guanidiue.  o-Nitro- 
benzoyl  Acetone  melts  at  55°  (A.  221,  332). 

Propionyl-,  butyryl-,  isobutyryl-,  and  valerylacetophenones  boil  at  172° 
(30  mm.),  174°  (24  mm),  170°  (26  mm.),  and  l8^°  (30  mm.)  (B.  ao,  2181). 

Phenyl-acetyl-acetone,  C„n,jOj  =  C^Hj.  CH,  .  CO .  CH, .  CO.  CH„  boiling  at 
266°,  resulls  from  the  decomixjbition  of  phenyl  acetyl-acetoacetic  ester  (I*.  x8,  2137). 
The  following  is  a  }-diketone: 

Acetophenone-acetone,  phcnacyhicetone,  CjH^  .  CO  .  CH, .  CH,  .  CO  .  CH,,  is  ob- 
tained from  acetophenone  aceloacetic  ester.  It  is  a  yellow  oil,  boiling  with  decomposi- 
tion (H.  17,  2756). 

iK'injT  a  }-<liketone,  it  can  split  off  water  and  yield  phenylmethylfurfurane,  phenyl- 
nietliylthiophene,  and  phenylmethvl  pyrrol. 

7W^^/()//«.~Isonitrosobenzoyl  Acetone,  C^II^CO .  C(NOII)  .  CO .  CU,,  melting 
at  24°,  is  the  raonoxime  of  a  triketone  (^B.  17,  815). 

6.  PHENYL  PARAFFIN  ALCOHOL  ACIDS. 

A.  Monoxyalcohol  Acids.— Phenylalcohol  carboxylic  acids,  lib 
the  aliphatic  alcohol  acids,  are  produced  (i)  by  the  reduction  of  th« 
corresponding  ketonic  acids ;  (2)  from  aldehydes  and  ketones  (B.  12 
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S15)  by  the  addition  of  hydrocyanic  acid  and  the  saponification  of  the 
«-oxy-acid  nitrile;  (3)  from  the  corresponding  monohalogen  acids;  (4) 
from  unsaturated  monocarboxylic  acids,  etc. 

a-aod  /9-Oxy-acids. — Mandelic   Acid,    Phenylglycollic  Acid, 

C^Hi.  CHOH  .  COjH,  is  isomeric  with  the  cresotinic  acids  (p.  225)  and 
tlie  oxymethylbenzoic  acids  (p.  234)  or  carbinol  benzoic  acids.  It  con- 
tains an  asymmetric  carbon  atom,  and  therefore,  like  lactic  acid  of  fer- 
■nentation  (i,  335)9  appears  in  one  inactive,  decomposable  and  two 
c^ically  active  modifications. 

Paramandelic  Acid,  inactive  mandelic  acid,  melting  at  iiS^,  is 
flormed  (i)  from  benzaldehyde,  prussic  acid,  and  hydrochloric  acid 
(B.  14,  239,  1965);  (2)  from  benzoylformic  acid  (p.  257),  by  reduction 
^th  sodium  amalgam ;  and  (3)  from  phenylchloracetic  acid  by  boiling  it 
'With  alkalies  (B.  14,  239),  (4)  as  well  as  from  o#-dibromacetophenone  (p. 
349)  or  phenyl  glyoxal  (p.  249)  by  the  action  of  alkalies :  QHs .  CO  .  - 
CHO >  C.H,.  CHOH  .  CO,H. 

The  production  of  alcohol  and  carboxylic  acid,  which  completes  itself  extramolecu- 
laily  io  the  action  of  caustic  alkali  upon  benzaldehyde,  in  the  case  of  the  conversion  of 
phenyl  ^yoxal  into  mandelic  acid  proceeds  intramolecularly  (i,  321).  See  further  on 
lot  the  formation  of  paramandelic  acid  from  laevo-  and  dextromandelic  acids. 

Onehondred  parts  water  at  20^  dissolve  15.9  parts  of  paramandelic  acid.  Dilute 
nitnc  add  converts  it  first  into  benzoyl-formic  acid,  then  into  benzoic  acid.  When 
betted  with  hydriodic  acid  it  forms  phenyl -acetic  acid ;  with  hydrobromic  and  hydro- 
chloric acids,  chlorphenyl  or  bromphenyl  acetic  acids. 

Ljevo-  and  dextromandelic  Acids  melt  at  133°.  They  have  equal,  but  opposite, 
molecular  rotatory  power.  Toward  reagents  they  behave  like  paramandelic  acid.  Lxvo- 
mandelic  acid,  natural  mandelic  acid^  results  upon  digesting  amygdalin  (see  this)  with 
foming  hydrochloric  acid  ( 1848 — Wdhler,  A.  66,  240).  Fermentation  of  ammonium  para- 
mandelate  with  Penicillium glaucum  destroys  the  l^cvo-  and  there  remains  the  dextro-acid. 
Schizomycctes  first  destrojrs  the  dextro-mandelic  acid  in  paramandelic  acid ;  the  Ixvo-acid 
remains  (I^wkowitsch,  B.  17, 2723).  The  direct  splitting  up  of  paramandelic  acid  into  the 
deztro-  and  Ixvo-acids  can  be  brought  about  by  the  crystallization  of  the  cinchonine  salt. 
The  mixing  together  of  the  dextro-and  laevo-acids  (molecular  quantities)  results  in  the  for- 
mation of  inactive  paramandelic  acid.  When  the  dextro-  or  Isevo-acid  is  heated  in  a 
tube  to  160**,  it  is  converted  into  the  inactive  mandelic  acid. 

Derivatives  of  Paramandelic  Acid. — The  methyl  and  ethyl  esters  melt  at  52°  and 
34®  (  B.  28,  259).  The  methyl  ether-acid  melts  at  7 1  °.  The  dimethyl  ether-acid  Iwils  at 
246®  (A.  aao,  40).  Acetyl  Ethyl  Ester  melts  at  74®.  Mandelic  Chloralide  (i,  340) 
melts  at  82<*  (A.  193,  40).     The  amide  melts  at  131®  (B.  25,  2212). 

Mandelic  Acid  Nitrile,  CjHj .  CHOII .  CN,  is  a  colorless  oil,  solidifying  at  —10°. 
At  170®  it  breaks  down  into  prussic  acid  and  benzaldehyde.  On  standing  with  fuming 
hydrochloric  ackl  it  passes  into  the  amide;  and,  when  heated,  into  phenylchloracetic 
acid  (B.  14,  1967).  It  condenses  with  benzaldehyde  to  diphenyloxatole  (B.  29,  207 ; 
R.  791). 

p-Brom-  and  p-iod-mandelic  acids  melt  at  117^  and  133°  (B.  24,  997;  23, 
3467).  0-,  m-,  and  p-Nitromandelic  Acids  melt  at  140°,  119°,  and  126°  (H.  20, 
2203 ;  22,  208). 

o-Amido-mandelic  Acid,  Hydrindic  Acid,  NH,[2]C.H4CH(OH)CO,H,  is  not 
stable  in  a  free  condition.  Its  sodium  salt,  C^HgNOjNa  -(-  H^O,  is  formed  in  the 
redaction  of  isatin  with  sodium  amalgam.  From  concentrated  solutions  of  the  sodium 
salt  acids  separate 

jy\<nLXTido\,  (hAmidomandelic  acid  lactam,  C^H^  |  [j]^^^^^  ^^.     This  is  also 

produced  when  isatin  and  zinc-dost,  water,  and  some  hydrochloric  acid  are  boiled. 
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Acetyldiozindol,  melting  At  127®,  ii  ccMiTerted  bj  barytft-WKter  into 
mandelic  acid,  CH,CONH[2]C^H«CH(OH)CO,H,  melting  at  142"*,  whidi  alw  ranki 
from  the  reiluction  of  acetylisatinic  acid.     Hydiiodic  acid  or  sodium  amalgam  dmpi 
it  to  oxindol  (p.  224). 

p-Dimethylamidopbenyl-trichlorethyl  alcohol  (p.  187)  is  aderiTativeof  p-tmidi)- 
mandelic  acid. 

o-Ozymandelic  Acid,  obtained  from  salicylaldehyde,  prusslc  add,  and  abo  frm 
o-oxyphenyl  f^lyoxylic  acid,  is  a  syrupy  mass.  Its  lactam  melts  at  40^  and  boils  at  237" 
( 1{.  14,  131 7 ;  17,  974).  p-Methozyniandelic  Acid,  from  anisaldebyde,  melts  at  9)* 
(R  14,  1976). 

Phenylchloracetic  Acid,  C9II5.  ClIQ  .  CO,H,  melting  at  78^,  is  prodnced  wbn 
iiiniulelic  acid  is  heated  with  concentrated  bydrocnloric  acid  to  140^,  and  by  actioaof 
water  upon  its  chloride.  Its  chloride^  C^II, .  CHQ .  CX>C1,  formed  by  the  action  of 
Vk\  upon  mandelic  acid,  twils  at  I25<*  (45  mm.)  (A.  279,  122). 

Phenylbromacetic  Acid,  C, II. .  CHBrCO,!!,  melts  at  %i^.  Its  fthyiesitr,  boili^ 
at  145^  (10  nmi.)  (H.  24,  1877),  when  heated  with  potassium  C3ranide  becomes  dipheflfl- 
succinic  ester.  Its  nitri/f,  from  benzyl  cyanide  and  bromine,  when  heated  alone  be 
comes  stilbene  ;  when  heated  with  potassium  cyanide  it  yields  stilbene  or  dicyandibenijl 
(sro  thisV,  while  with  alcoholic  potash,  stilbene  dicarboxylic  acid  or  diphenyl  nkk 
at  ill  is  produced. 

Phenylamido-acetic  Acid,  C^H^.  CH(NH,)  .  CO,H,  melts  at  2560.  It  yields  CO. 
nn<i  iK^nzylamine  when  it  is  distilled.  It  results  ^l)  on  treating  pbenylbtomacetic  tad 
with  aiiueous  ammonia  (H.  11,  2002):  (2)  on  boiling  its  nitrile  with  dilute  nlphoic 
at  id  (11.  13,  383),  and  (3)  by  the  reduction  of  its  oxime  or  the  phenylhydrtiooe  of 
tK-nzoyl  formic  acid  (A.  227,  344).     Its  m^'/A^/ ^j/^  melts  at  32®.     CycHe  DatAUoai 

AmUe  (I.  357),  CjIIj.  CII<^^j"^q>CH  .  C^Hj,  melts  with  decomposition  at  274* 

( ir  24.  4 149).  Its  nitrile  is  a  yellow  oil,  which  gradually  solidifies  to  a  crystalline  Oisi. 
It  is  ver)'  decom|X)sahIe.     It  results  from  the  action  of  ammonia  upon  mandelic  nitrile. 

.A Ik) lie  and  phcnylatcd  phenylamido-acetic  acids  are  obtained  as  the  result  of  the 
artioii  of  mcthylainine,  aniline,  and  similar  bases  upon  phenyl brom-acetic  add  (B.  iSt 
20  \\). 

<  )r  the  alphylglycollic  acids,  mention  may  yet  be  made  of  p- 1 sopropyl -mandelic 
Acid,  |)ropare«i  friMU  cuinic  aldehyde,  prussic  acid,  and  hydrochloric  acid.  It,  too,  has 
been  res«>lve«l  l>y  means  of  quinine  into  its  active  isomerides  (B.  26,  R.  89). 

Phenyloxypropionic  Acids,  Phenyl-lactic  Acids. — There  are  four  possible  suuc- 
tuial  isomerides.     All  are  known  and  contain  an  asymmetric  carbon  atom  : 

C(),II  CO,H  CO,H  CO,H 

(Vis.coH  ciioH         CII5.CII  in, 

CH,  Cgll^.C'II,  CIIj.OII  CjHg.inOH 

a-Pheuyl-laclic  Acid,       P-Plienyl-laclic  s-Phenylhydracrylic  Acid,       ^-Phenylhydra- 

Atrolactiiiic  Acid  Acid  Tropaic  Acid  crylic  Acid. 

I.  Atrolactinic  Acid,  a- Phenyl  lactic  And,  C,H,oO,  -f  I>iH,0,  melts  when  in  the 
hydnjus  state  at  90°,  and  when  anhydrous  at  94®.  It  is  obtained  from  o-bromhydro- 
airopic  acid  when  the  latter  is  l)oiled  with  a  soda  solution,  and  by  oxidizing  hydro- 
atropic  acid  with  potassium  permanganate.  It  is  prepared  synthetically  from  aceto- 
pbenone,  C'^TIr, .  CO.  Cllj,  by  means  of  prussic  acid  and  sulphuric  acid  or  dilute 
Ijyilrochloric  acid  (H.  14,  1980).  When  boiled  with  concentrated  hydrochloric  acid  it 
decomix)scs  into  water  and  atropic  acid. 

Corresponding  to  atrolactinic  acid  are  n-chlor-  and  a-bromhydratropic  acids,  melt- 
ing at  73°  and  93°,  which  arc  produced  when  it  stands  in  contact  with  concentrated 
?  o  n^^'^^  ('^-  209»  3)-     «Amidohydratropic  Acid  sublimes,  without  melting,  at 

2.  Tropic  Acid,  a- PlieMvlhydracrvlic  Atid,\s  known  in  an  inactive,  decomposable 
and  two  optically  active  modifications.' 
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Inactive  tropic  acid,  melting  at  117^,  is  obtained,  together  with  tropine  (see  thi!>) 
(A.  138,  233  ;  B.  13,  254),  on  digesting  (60°)  the  alkaloids  atropine  and  hyoscyamiue 
with  baryta-water.  It  was  made  synthetically  from  atropic  acid,  the  decomposition  pro- 
dact  of  atrolactinic  acid,  by  changing  it  with  concentrated  hydrochloric  acid  into 
/9-di1orfaydratropic  acid,  which  boiling  potassium  carbonate  converts  into  inactive  tropic 
add: 

CO,H  CO,H  CO,H  CO,H 

c;Hj.(!x)h yc^u^,6      "^'  >c^Hft,(!:H  -,^^>c,H5.(!:h 

in,  in,  cHjQ  (iH.OH 

Atrolactinic  Acid  Atropic  Acid  ^-Chlorhydratropic  Acid  Tropic  Acid. 

Ljevo-  and  deztro- tropic  acids,  melting  at  128^  and  123^,  can  be  separated  by  the 
fractional  crystallization  of  their  quinine  salts.  The  dextro-quinine  salt,  more  sparingly 
soluble  in  dilute  alcohol,  melts  at  186^,  and  the  laevo-salt  at  178®  (B.  22,  2591). 

/9-Chlor-  and  /?-Bromhydratropic  Acids  melt  at  87°  and  93°. 

j9-Amidohydratropic  Acid  melts  at  119^  (A.  209,  3). 

3.  /3-Pbenyl-lactic  Acid,  Betnylgfycollic  add,  C.Hj.  CH,.  CH.  (OH).  CO^H, 
melting  at  97^,  is  derived  from  phenylacetaldehyde  with  prussic  acid  and  hydrochloric 
add,  and  from  benzyltartronic  acid  upon  heating  it  to  180®.  Heated  with  dilute  sul- 
phuric acid,  it  decomposes  into  phenylacetaldehyde  and  formic  acid. 

Phenylalanine,  p-Phenyl-aatnuiopropiomc  Acid,  C,H. .  CH, .  CH(NII,) .  CO,H, 
sublimes  without  decomposition  when  it  is  slowly  heated.  Upon  rapid  heating  it  yields 
phenylethylamine  and  a  cyclic  double- ctcid  amide, 

C,H».CH,.CH.<^^-^^>CH.CH,.CeH6,  melting  at    290°   (i,  357 ;  ".252) 

(A.  219,  188;  271,  169).  It  is  found,  along  with  asparagine  (i,  490),  in  the  sprouts 
of  Lupinus  luteus,  and  is  formed  in  the  decay  or  by  the  chemical  decomposition  of 
albumen  (B.  16,  1711).  It  is  prepared  from  its  nitrile,  the  product  of  the  action  of 
ammonia  upon  Uie  nitrile  of  ^-phenyllactic  acid,  with  hydrochloric  acid ;  further,  by  tlie 
reduction  of  a-amidocinnamic  acid  (B.  17,  1623),  and  of  a-isonitroso-/3-phenylpropionic 
acid  (A.  271, 169).  Benaoyl  Phenyl-alanine,  from  benzoylamidocinnamic  acid  by  re- 
duction, melte  at  l82<>  (A.  275,  15). 

o-  and  p-Nitrophenyl-lactic  Acids  are  produced  in  the  nitration  of  phenyl- 
lactic  acid.     When  reduced  the  o-acid  yields  ozyhydrocarbostyril  (pp.  214,  255), 

TilCH  — CH  OH 
C^Hi  I      ™u     i^         »  melting  at  197®,  and  the  p-acid.  p-amido-/?-phenyl-lactic 

acid.  NH^mCJI^  .  CH, .  CH(OH)CO,H,  melting  with  decomposition  at  i88<>. 

o-Oxyphenyl-lactic  Acid,  Salicyl- lactic  acid,  HO[2]C,H^CH,CH(OH)CO,H,  is  a 
syrup-like  mass.  It  results  from  the  action  of  sodium  amalgam  upon  o-oxyphenyl  pyro- 
racemic  add  (p.  259)  (B.  18,  1188).     Its  inner  phenol  alcohol-anhydride  is  hydrocou- 

marilic  acid,  C^H^  |  [']n"* '  ^^ '  ^^*",  melting  at   Ii8«.     ThU  is  the  reduction 

product  of  coumarilic  acid  (A.  216,  166).  p-Ozyphenyl-lactic  Acid  melts  at  144°  in 
the  anhydrous  condition.  It  is  formed  when  an  excess  of  nitrous  acid  acts  upon  p-amido- 
pbenylalanine  (A.  219,  226). 

p-Nitrophenylalanine,  NO,[4]C,H4CH,.  CH(NHj)CO,H,  decomposes  at  240°. 
It  b  formed  in  the  nitration  of  phenylalanine. 

p-Amidophcnylalanine,  NH,[4lC,H^ .  CH,.  CH(NH,) .  CO,H,  is  produced  in  the 
reduction  of  p-nitrophenylalanine  and  p-nitrophenyl-a-nitroacrylic  acid. 

Tyrosine,  ^'Oxyphenyl-alanine,  H0[4]CeH,.  CH,CH(NH,)CO,H, 
melts  at  235®.  It  occurs  in  the  liver  when  its  functions  are  disturbed, 
the  spleen,  the  pancreas,  and  in  stale  cheese  (ro/ocJ?),  and  is  formed  from 
animal  substances  (urea,  horn,  hair,  albumen)  on  boiling  them  with  hy- 
drochloric or  sulphuric  acid ;  by  fusion  with  alkalies  or  by  putrefaction 
(together  with  leucine,  asparticacid,  etc.).     It  may  be  pre];)ared synthetic- 
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ally  from  p-amidophenylalanine  by  the  action  of  one  molecule  of  potas- 
sium nitrite  ii|x>n  the  hydrochloric  acid  salt. 


History. — Liebig  discovered  tyrosine  npon  fusing  freshly  prepared  cheese  with  c 
potash  (1S46)  (A.  57,  127  ;  6a,  269).    £.  Erlenmeyer,  Sr.,  and  Lipp  (A.  S19,  l6l)  nc- 
ceeded  in  synthesizing  tyrosine,  beginning  with  phenylacetaldehyde. 

Synthesis  of  Tyrosine. — Phenylacetaldehyde  (p.  189)  and  pnissic  acid 
yield  the  nitrile  of  phcnyl-lactic  acid.  Ammonia  changes  the  latter  to 
the  nitrile  of  phenylalanine,  which  hydrochloric  acid  converts  into 
phenylalanine.  The  latter  by  nitration  yields  p-nitrophenylaUnine, 
whose  reduction  product,  yy-amidophenyiaianine  hydrochloride^  is  changed 
by  an  equimolecular  quantity  of  nitrous  acid  into  tyrosine : 


CO.H 

I 

CHN'H, 


Plic'uyl- 

acotalcic- 

hydc 


Phenyl- 
alanine 


p-Nitro- 
phenyl- 
alanine 


COlH 
I 
CH .  NH, 

I  '  >l 

CH,  CH, 

C«"«[4]NII,     C,H^[4]0H 

p-Amido-  Tyrosine, 

phenyl- 
alanine 


Properties  and  Deportment. — It  dissolves  in  150  parts  of  boiling  water,  and  crystallizes 
in  ik-licate,  silky  needles.  It  dissolves  in  alcohol  with  difficulty,  and  b  insolable  io 
ether. 

Mt-rcuric  iiilrale  prmluces  a  yellow  precipitate,  which  becomes  dark  red  in  color  if  il 
l>e  boiled  with  fuiniii^  nitric  acid  to  which  considerable  water  has  t^eu  added  (delicate 
n>;iction).  Iicing  an  aniido  acid,  tyrosine  unites  with  acids  and  bases,  forming  salts.  If 
it  be  heated  to  270**  it  dccomj>oses  into  carbon  dioxide  and  oxyphenylethylamioe, 
C^1I^(()II)  .  CII.J .  C.'II.^  .  Nil,.  When  fused  with  caustic  potash  it  yields  paraoxyben- 
7c)ic  acid,  ammonia  and  acetic  acid.  Putrefaction  causes  the  formation  of  hydroparacoa- 
maric  acid,  and  nitrous  acid  converts  the  tyrosine  into  para- oxyphenyl- lactic  acid  (.\. 
2ig,  226). 

4.  /^Phenyl-hydrac^ylic  Acid,  CjHj .  CH  (OH) .  CH,.  CO,H,  commonly  called 
phenyl  lactic  acid^  results  on  boiling  /^-bromhydrocinnamic  acid  with  water  (A.  195, 138), 
and  in  therccUiction  of  benzoyl  acetic  ester,  as  well  as  by  the  addition  of  hypochloroosacid 
to  cinnainic  acid,  and  then  reducing  the  resulting  chlor-acid  with  sodium  amalgam.  The 
acid  melts  at  93^.  When  heated  with  dilute  sulphuric  acid  it  decomposes  (like  the 
alij)hatic  ,.^oxy-acid>>)  at  icp°  into  water  and  cinnamic  acid  (together  with  a  little  styro- 
lene)  (IJ.  13,  304).  When  digested  with  the  haloid  acids  it  forms  phenyl -;^haloid- 
propionic  acids. 

o-.m-.and  p-Nitrophenyl-lactic  Acids ^  or -Aydracfy/ic  .4eti/s,'SO^.C^H^Cll{OU).- 
CH, .  C(  ).J\,  melt  at  126°,  105°,  and  132°.  The  three  isomerides  result  upon  treating 
the  three  nitro-/i-bronihydrocinnamic  acids  with  sodium  carbonate,  when  (in  the  cold) 

O  —  CO 

the  0-,  m-,  and  p-nitrophenyl-lactic  acid  lactones,  j^        1      ,  melting  at 


124°,  98°,  and  92°,  are  also  produced. 
595). 


NOjCjH^in .  CH,' 
TAese  are  the  only  fi-lactones  known  (B.  17, 


'llie  orlho-nilro-acid  results,  further,  by  oxidizing  the  aldehyde  first  produced  with 
silver  oxide  (li.  16,  2206).  When  heated  to  190°  with  dilute  sulphuric  acid  it  yields 
o-nitrocinnamic  acid.  Its  lactone  decomjMJses  on  boiling  with  water  into  carbon  dioxide 
and  o-nitrostyrolenc ;  it  yields  /3-oxyhydrocarbostyril  when  reduced. 
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When  the  three  nitro-acids  arc  heated  with  alcoholic  zinc  chloride,  we  do  not  ^ci  their 
i*xct<mes^  but  their  esters  (B.  17,  1659). 

/3-Cblor-,  brom-,  and  iodhydrocinnamic  acids,  C,Hg.  CHX  .  CH,  .  COjH,  melt 
•t  126°,  137^*  uid  120^.  They  are  obtained  from  cinnamic  acid  or  /^phenylacrylic 
Hcid  by  the  addition  of  halogen  hydrides  in  aqueous  or  glacial  acetic  acid  solution  ( B. 
XX,  1221),  and  from  /3-phenylhydracrylic  acid  (see  this).  When  heated  or  boiled  with 
crater  the  free  acids  decompose,  with  previous  formation  of  /?-oxyacids,  into  halogen 
llydride  and  cinnamic  acid.  When  neutralized,  even  in  the  cold,  with  alkali  carbonates 
Uiej  break  down  into  haloid  acid,  carbon  dioxide,  and  styrolene,  C^Hj .  CH  :  CI  I,. 

0-,  m-,  and  p-Nitro-/3-bromhydrocinnamic  Acids,  NOsCfll^CHBr.  CH,  .  CO,H, 
Ave  produced  by  the  addition  of  hydrogen  bromide  in  glacial  acetic  acid  to  the  three 
ititrocinnamic  acids  (B.  17, 596, 1494)  (see  also  nitrophenyl-lactic  acid  lactone). 

^Amidohydrocixinamic  Acid,  C^H^ .  CH(NH,)CH, .  CO,H,  melts  at  120°  (B. 
X7,i498;  A.  aoo,  97). 

y-  and  6-Oxyadds, — y-Oxyacids,  beginning  with  the  phenyloxybutyric  acids,  are 
^nown.  They  pass  readily  into  their  lactones.  >'-Phenyl->-oxybutyric  Acid,  C^H^.- 
CH(OH) .  CH, .  CH,  .  CO,H,  melts  at  75°,  and  slowly  decomposes  even  from  65-70® 
Uito  water  and  its  lactone— phenyl-butyrolactone,  Cj^IIioO,.  The  latter  melts  at  37® 
maA  boils  at  306®. 

his  obtained  from  /3-benzoyl  propionic  acid  (p.  261)  (B.  15,  889)  and  from  phenyl- 
taonbutyric  acid.  Its  lactone  is  formed  on  boiling  phenylisocrotonic  acid  and  phenyl- 
|)ViConic  acid  with  dilate  sulphuric  acid  (A.  228,  178 ;  B.  29,  R.  14). 

a-Pbenyl-y-ozyvaleric  Acid,  only  stable  in  the  form  of  liquid  lactone  (B.  17,  73). 

(f-Benxyl-y-ozjTvaleric  Acid  melts  at  loi**  and  its  lactone  at  33°  (A.  268,  94). 

/9  Benzyl) -ozyvaleric  Acid  melts  at  75®  and  its  lactone  at  86®  (A.  254,  215).  It 
ii  obtained  from  benzal-keTulinic  acid. 

a-Benxyl-d-ozyvaleric  Acid  (B   24,  2447)- 

B.  Diozyalcohol  Acids  are  chiefly  obtained  by  oxidizing  the  phenyl-olefme-carboxylic 
adds  with  potassium  permanganate  (A.  268,  44 ;  283,  338).  The  two  possible  phenyl 
glyceric  acids  are  known. 

Atroi^lyceric  Kc\A,  aPAenylfifyceric  Acid,  C  11,011 .  C(C,H5)OH  .  CO,H,  melting 
at  146®,  results  on  boiling  a,/3-dibromhydroatropic  acid  with  excess  of  alkalies,  and 
from  benzoyl  carbinol  by  means  of  pnissic  acid  and  hydrochloric  acid  (B.  16,  1292).  It 
breaks  down  into  CO,  smd  phenylacetaldehyde  up>on  heating. 

Dibromhydratropic  Acid,  CH,Br .  C(C,H5)Br .  CO,H,  melting  at  1 15^  is  produced 
when  bromine  acts  upon  atropic  acid.  It  decomposes  on  boiling  with  water  into  aceto- 
pbrnone,  CO,«  and  HBr. 

Styceric  Acid,  pPhenylglyceric  ^ri^/,  C,H. .  CHOH.  CIIOH.  CO,H,  melting  at 
141®  with  decomposition  (A.  76%,  37),  is  obtained  by  first  getting  the  dibenzoyl  ester  and 
saponif3ring  it,  or  by  boiling  phenyl-a-chlorlactic  acid  with  water ;  also  by  oxidizing  cin- 
namic acid  with  potassium  permanganate.  Heated  above  its  melting  point,  it  decom- 
poses into  phenylacetaldehyde,  carbon  dioxide,  and  water.  Hydrobromic  acid  converts 
it  into  phenyl -;7-brom -lactic  acid  (B.  x6,  1289).     The  dibenzoyl-acid  melts  at  187°. 

The  dihentoyl  nuthyl  ester  melts  at  1 13°. 

TYi^  dibenzoyl  ethyl  ester  m^\\:&9X  109®  (B.  12,  538). 

p-Nitrophenylglyceric  Acid,  melting  at  167®,  is  obtained  from  p-nitrophenylglycidic 
acid. 

o-Amidophenylglyceric  Acid  melts  at  218°. 

Phenyl-a-chlorlactic  Acid,  QJLl^.  CH(OH)CH  .  Q  .  CO,II  +  H,0,  melts  at  56«>, 
and  when  anhydrous  at  86^.  It  results  from  the  action  of  hypochlorous  acid  upon  cin- 
namic acid.  Sodium  amalgam  reduces  it  to  phenyl-lactic  acid,  alkalies  change  it  to 
pbenylglycidic  acid  and  phenylglyceric  acid,  while  with  fuming  hydrochloric  acid  it 
yields  phenyldichlorpropionic  acid  (B.  22,  3140). 

Pbenyl-a-bromlactic  Acid,  C^Hj.  CH(OH) .  CHBr.  CO,H -f- H,0,  melts  at 
125^  when  anhydrous.  It  is  formed  on  boiling  phenyldibrompropionic  acid  with  water 
(B.  13,  310).  It  has  been  separated  by  means  of  cinchonine  into  two  optically  active 
components  (B.  24,  2831). 

Pbenyl-a-iodUctic  Acid,  C^H^.  CH(OH) .  CHI .  CO,H,  melts  at  137**  with  de- 
ooaipositi<Mi.  It  results  from  the  action  of  an  aqueous  chloriodine  solution  upon  cinnamic 


::6  oacAsnc  amosnrr. 


3i  zt^ztrU.  »Mdp>Kiimplwjl  ■  ililiMlMiir  AaammAain^mditf. 
iue  >  -oiv  2,  cra-nsTtfd  ':▼  sodBB  iBakcm  iato  iBdol  (R.  13.  2261 ;  19,  9646). 

>N»pb«=i?i-c  branlaciic  Acid  ackiM  MS^  (B.  17,  219). 

Phesy'.  ^^TrttfaftK  Aod.  Fktmt^atwim,  C^^ .  CH(OH  .tCH(NIL)COLH  +  H/), 
nevuses,  vsea  sih^'fr  w.  ac  119'.     It  icsdiis  6aB  ibe  aciioa  of  adds  vpoo  tlK 


:*:trv  i'ned  v^ica  iodiTxm  Isv-fnuie  aos kob  hfffiVirhrik  aad glyooooU  ( A.  tf4, 46). 

Pbeajl- J-cUottocxic  Acid.  C^H^.  CHa.  CHiOH<XLH«  aKili^  it  141°,  ud 
P^csyl-  r-bradacac  Acid  are  procKed  vbea  fsBiDf  haloid  ackb  act  npon  ptiaqrl* 
;  Tcenc  ]<^  Bl  itt,  1290  .  o>  aad  p-Nitiopbca|i-3-cblorlactic  Acids,  aidtincit 
1*5-  a::.:  i?r'-  vc  ocuaed  by  tlK  acdan  of  foaiaf  hydrochlaric  add  vpon  the  cor- 
rr;C*.cii:s^  giyodac  acids    Bl  191,  2tS46>. 

c^  N ttrophienyl •  J-btooiLactic  Acid  meksat  135^  (B.  17,  221). 

Cizmamic  Acid  Didilonde.  s.^i- Dui:^ky^A-immamic  AiU^  C;H«.CHa.CH 
'71 .  C'  'jH.  B'^Irng  at  103=.  resclts  wlm  chkvme  acts  upon  chuuuiuc  acid  in  cuiwii 
:.i='rc^ie  Si^^auoa  aod  00  treatin;;  pbenH-a-cUariaciic  acid  viih  Imiiiiig  hydiochloiic 
i::.i'  b.  14.  1567 «. 

AUocinnamic  Acid  Dichlofide  is  aa  oQ  dcoonposaUe  bj  sUTdumie  into  tvo 
•.;(:»!>  actiTe  ooBpoocnts  1  B.  97,  2041*1. 

Cinnamic  Acid  Dibromide.  a^i-DibrtmikjJrociiuiamuc  AciJ^  rndting  at  I(^^ 
y,*:'.  \i  •  '^\.  r-hesTlicetaldehTde,  cimumic  acid,  aod  pbenyl-o-bramlactic  add  00  boiliiig 
'■«;-h  vAicr.  skrychnine  reac'res  it  into  two  opticalhr  active  mmponrnts  (B.  16,  1664). 
;  t e  '-.  • : •• .' -'-.v ''  m*li*  at  1 1 7** .     The  ethyl  titer  aielts  at  6q«  ( B.  sa,  II 81 ). 

AUocinnamx  Acid  Dibromide  melts  at  91-93^.  It  is  lepanted  into  two  opUoDy 
ac*i^ e  co-n;ionents  bj  cincbooine  I B.  97,  2039).     The  tmethyl ester  melts  at  52-53". 

o  ar.'l  {'Nitro^:.  :?dibrombjdn>ciniiamic  Acids  melt  at  180®  aad  227^  The 
o-  a:i  i  \><:h\l eJ:ri  melt  at  71^  and  1 10°  (A.  212,  151). 

Phenyl glycidic  Acid,  ^  ..  cii_lcH  CO  H  ^P*'^^  fxoxn.  the  sodimn  salt,  is 
.in  i.jl  -  •*i<l:f\ir.:;  at  c  =  .  It  results  from  the  action  of  alkalies  npon  a-  and  3-cfaloq)heoyI- 
I  ^  (i^-  aci'i^.a^  wc!i  a-*  by  the  con>icnsaiion  of  benzjddehyde  with  chloniceticestertA.371, 
137,.  rhenylg]\ci':ic  acid  is  Tenr  uostal>le.  It  readily  decompo:>es  into  CO,  and 
{■;>-ny]ace!.i  (ieiiyde.  <  'n  lulling  with  water  phenyl  glyceric  acid  is  also  producetl.  The 
•  >;ii'  .il  y  active  phenyl^iycidic  acids  are  obtained  in  the  form  of  sodium  salts  from  the 
«»j.:ii;.ijly  active  i»lienyl-abromlacuc  acids. 

o  Nitrophenyl-glycidic  Acid.  NO,[2]C^H.CH^9^CH  .  CO,H  -j-  11,0.  mells  at 
U'\'\  :ii>'i  at  125^  when  anhydrous.  It  i^  produced  when  alcoholic  potash  acts  upon 
o  tiitri«|'}irny1-lactic  acid,  or  by  the  action  of  sodium  hypochlorite  u)>on  o-nitropheayl- 
l.ii  lie  acid  kctrme  (A.  284.  135).  It  breaks  down,  on  heating,  into  CO,  and  indigo.  It 
yirlrls  anihranil  and  anthroxanaldehyde  on  boiling  with  water  (p.  249)  (B.  19,  2649). 

1 1  Nitrophenyl-glycidic  Acid  melts  with  decomposition  at  186^  (B.  19,  2644). 

<:.  Trioxyalcohol  AcxdiS.—y-Phcnyitrioxybutyric  Acid,  C^IIj[CH  .OH],C0,H, 
1 1:1  sM*s  readily  into  tlie  /rf^/^w^.  melting  at  1 15-117®  ;  by  reduction  this  yields  pnenyltet- 
>•>.<•  r|i.  2.|S).  >  -IMienyltrioxybutyric  acid  is  prepared  by  starting  with  the  dibromide  of 
<imiiniic  aldehyde  cyanhydriu  (H.  25,  2556). 


7.  PHENYLPARAFPIN-ALDEHYDE  CARBOXYLIC  ACIDS. 

A  .  iK|ilainrf|  uiuler  tlie  aliphatic  unsaturated  ketols,  oxyolefine  carboxylic  acids  and 
•»nyU.  i.,nr  eaiUixylic  iicids  (I,  318),  the  oxymethylene  derivatives  are  produced  by  the 
•••iiiliiiMiiji.ii  of  a«  clone,  acetic  ester,  acetoacetic  ester,  and  other  bodies  with  formic 
•  •«!'  I  III  iho  prrviu e  (,f  scKlium  ctliylate.  As  these  compounds  conduct  themselves  in 
muny  i.'HiK'.m  hkc  «Idchy<Ies.  it  was  originally  supposed  that  they  contained  the  aldehyde 
ilr.M  ..'"'  ^""  "»ly  their  very  pronounced  acid  character  which  led  to  considering 
Mid  h/  'Z^'lT  **".'."»»»»"n*U.     It  is  rather  remarkable  that  two  isomeric  esters  are 

rti:;;!'"  ;i\tiru.Viry;;v'hte^^^^  ti  »>?---^-»>- 

»»M»i»l  and  th<*  olhci  n  aolkl.     'il!.^?^?  ^?"^?^>7«  y»th  phenylhydrazme.     The  one  is  a 
"c  latter  is  disUngmshed  from  the  former  by  its  stronger 
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tcid  dutfacter.  It  changes  to  the  liquid  modificmtion  on  being  heated.  Carbonic  acid 
precipitaies  from  alkaline  lolutioBs  of  the  esters  the  liquid,  more  feebly  acid  modification, 
wheieaa  when  an  excess  of  mineral  acid  is  added  it  is  the  solid,  more  acid  modification 
iriikh  leparates  (see  nitiophenjl  methane,  p.  178).  W.  Wislicenus  believes  that  it  is  the 
aolid  modificatioo  whidi  corresponds  to  the  real  phenyl  formylacetic  ester  (B.  29,  742). 

Oxymethylenephenylacetic  Ethyl  Ester,  CH(OH) :  C(C,Hj)CO,C,H(,  is  a  liquid 
boiling  at  144^  (16  mm.).     Ferric  chloride  imparts  a  yiolet  color  to  it. 

PhimylformyUuetu  Ethyl  Ester,  CHO .  CH(C,Hj)C0,C,H5,  melts  at  70«>,  passing  at 
the  tame  time  into  the  liquid  isomeric  ester. 

8.  PHBNYLPARAPPIN.KBTONB  CARBOXYLIC  ACIDS. 

The  acids  belonging  in  this  group  can  be  arranged,  like  the  aliphatic 
ketone-carboxylic  acids,  into  a-,  ^-,  and  /'•ketone-carboxylic  acids,  and 
in  each  of  these  groups  we  can  have  sub-groups,  depending  upon  whether 
the  ketone  group  is  in  direct  union  with  the  benzene  nucleus  or  not. 

A.  a-Ketone-carboxylic  Acids  result  from  (i)  the  oxidation  of 
ketones ;  (2)  of  glycols ;  (3)  of  ketone  alcohols ;  (4)  of  alcohol  carboxylic 
acids;  (5)  (nucleus-synthetic)  from  cyanides  of  the  acid  radicals  by 
saponification  with  cold,  concentrated  hydrochloric  acid ;  (6)  from  ben- 
zenes by  the  action  of  chloroxalic  esters  in  the  presence  of  aluminium 
chloride  (B.  20,  2045). 

Phenylglyoxylic  Acid,  Benzoyl  Formic  Add,  QHj.CO.CO^H, 
melting  at  65^  and  isomeric  with  the  phthalaldehydic  acids,  is  obtained 
by  oxidizing  acetophenone  with  potassium  ferricyanide  (B.  20,  389),  as 
well  as  by  oxidizing  phenyl  glycol,  benzoyl  carbinol,  and  mandelic  acid 
with  dilute  nitric  acid  : 


CjHj.CO.CH, 

C,H5.CH(0H).CH,0H 

C,H,.CO.CH,On 

CjHj.CHOH.COjH 


-QHj.CO.COjH. 


The  acid  was  first  prepared  (in  a  nucleus-synthesis  way)  by  saponifying 
benzoyl  cyanide,  itsnitrile,  obtained  from  benzoyl  chloride  and  mercury, 
or  silver  cyanide  (Claisen).  Its  ethyl  ester  is  formed  when  ethyl  chlor- 
oxalic ester  acts  upon  mercury  di phenyl,  or  upon  benzene  in  the  presence 
of  AlCl,. 

The  acid  is  very  soluble  in  water,  and  when  distilled  decomposes  into  CO,  and  benz- 
aldehyde.  When  mixed  with  benzene  containing  thiophene  and  sulphuric  acid,  it  is 
colored  deep  red,  afterward  blue-violet;  all  its  derivatives,  and  also  isatin,  react  simi- 
larly. 

Being  a  ketonic  acid  it  unites  with  sodium  bisulphite  and  with  CNH  (see  phenyl  tar- 
Iroaic  i^id).  Sodium  amalgam  converts  it  into  mandelic  acid,  and  hydriodic  acid  into 
a-toluic  acid. 

lU  methyl  ester  boils  at  247^.  Its  ethyl  ester  boils  at  257^.  The  a-amide  melU  at 
90®.  The  ^-amide  hydrate,  C,Hj .  CO .  CONH,  +  H,0,  melts  at  6\^.  The  y-amide 
melts  at  134^  (B.  la,  633;  ao,  397).  The  anilide,  from  y-benzil  monoxime  (see  this) 
and  Pa^,  melU  at  63^. 

Bensojl  Cyanide,  CJA^ .  CO .  CN,  melting  at  yi^  and  boiling  at  207<>,  is  obtained  in 
the  distillatioo  of  benxoyl  chloride  with  mercuric  cyanide,  and  by  the  action  of  acetyl 
chloride  (B.  ao,  2196)  upon  isonitrosoacetophenone.    Sodium  m  abso\\A«  ^oJtic\  ^kat 
11—22 
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verts  it  into  polybenxoyl  cyanide,  (C^H^NOi)!,  melting  st  95^  (J.  pr.  Ch.  [2],  39, 260). 
Alkalies  change  benzoyl  cyanide  to  benzoic  acid  and  poUsunm  cyanide,  while  concen- 
trated hydrochloric  acid  converts  it  into  benzoyl-formic  add.  Chlorisonitroaoaceto- 
phenone,  bentoylformoximic  add  chloride^  C^H. .  CX) .  C( :  NOHVCl,  melting  at  I31^ts 
produced  in  the  chlorination  of  iionitrosoacetopbenone  (p.  249)  (0.  a6,  R.  313). 

Phenylhydrazimethylene  Carbozylic  Acid,  C;H(.C^<  i     V  GO,H.  Thelij- 

drazine  salt  melts  at  119^.     Diphenylglyozylic  Acid  Hydrasone, 
C.Il5.C(:N)CO,H 

C  II5 .  C( :  i^)CO,H-     ^^  ^'^^y^  ^^^  "*^**  **  '^***  ^'  ^'  ^'  f^]'  ♦♦•  567)- 

Phenylglyozylic  Acid  Phenylhydraxone  melts  at  153^  (A.  227,  341). 

(/}-),  Syn-phenylglyoxylic  Acid  Oxime  melts  at  147^.  (a-),  Anti-phenylgly- 
oxylic  Acid  Oxime,  IsonitrosophenyUcetic  Acid,  C^H..  C(:  NOH)CO,H,  melts 
at  128®  (B.  24,  42).  The  methyl  ester  melts  at  X^V*,  The  dimethyl  ester  melts  at  56° 
(B.  16,  519).  Benxoyl  Cyanide  Oxime,  C^H^ .  C( :  NOH)CN,  melting  at  129^ 
(B.  24,  3504),  is  obtained  from  benzyl  cyanide  by  means  of  amy!  nitrite  and  sodium  or 
nitrous  acid  and  sodium  ethylate  (A.  250,  163;  B.  28,  1797). 

Substituted  Benzoyl  Formic  Acids. — o-  and  p-Brombenzoyl  Ponnic  Acids  melt  at 
93^-103°  and  108®  (B.  25,  3298,  and  28,  259). 

oNitrobenzoyl  Formic  Acid,  NO, .  C;H^C0  .  CO,H  -f  H,0,  melu  at  47<»,  and 
when  anhydrous  at  122®.  The  amide  melts  at  199^.  The  nitrile  melts  at  54^  (B.  23, 
1577).  The  oxime  when  acted  upon  with  water  jrields  CO,  and  o-nitrobenzonitrile. 
Salicylic  acid  is  produced  when  it  is  boiled  with  alkalies  (B.  26,  1252).  It  forms  two 
isomenc  phenylhydrazones  (B.  23,  2080). 

m-Nitrobenzoyl  Formic  Acid  melts  at  77®.  The  amide  melts  at  151°.  The  nitrile 
melts  at  230®  (145  mm.)  (B.  14,  1186). 

o-Amidobenzoyl-formic  Acid,  Isatinic  acid,  is  produced  on  reduc- 
ing o-nitrobenzoyl  formic  acid  with  ferrous  sulphate  and  sodium  hydrate, 
and  in  the  action  of  alkalies  on  isatin.  If  it  be  separated  from  its  lead 
salt  by  means  of  hydrogen  sulphide,  and  evaporated  under  greatly 
reduced  pressure  at  low  temperature,  it  is  obtained  as  a  white  powder. 
Digestion  of  its  solution  converts  it  at  once  into  its  lactam  or  lactime — 

IsBtxn y  lactam  0/  isatinic  acid,  V^iILinhLj    >  ^^  lactime  of  isatifuc 

(CO 
acidf  ^t^A  J,  ^C .  OH  (?),  melting  at  201**.  It  was  first  obtained  by  oxid- 
izing indigo.  It  consists  of  orange-red  prisms.  It  dissolves  in  the  caustic 
alkalies  with  the  formation  of  salts.  The  solution,  violet  at  first,  soon 
becomes  yellow,  owing  to  the  production  of  isatinates.  Isatin  acts  at  the 
same  time  like  a  ketone. 

Its  other  methods  of  formation  and  its  derivatives  will  be  discussed  later  in  connection 
with  the  hydroindol  derivatives.  The  isatin  derivatives  referable  to  the  lactam  formula 
are  designated  pseudo-  or  ^'-derivatives,  or  n-derivatives, — 1.  ^.,  those  in  which  the  recently 
entered  group  is  attached  to  nitrogen, — whereas  the  true  isatin  derivatives  are  referred  to 
the  lactime  formula,  because  the  latter  appears  to  belong  to  free  isatin. 

Aceto-isatinic  Acid,  CH,  .  CO .  NH[2]C-IL  .  CO.  CO,H,  melting  at  1600,  results 
upon  treating  acetyl-V'-isatin  (see  this)  with  alkalies,  and  tnen  with  acids.  Benzoyl- 
isatinic  Acid,  melting  at  i8S^,  is  produced  when  benzoyltetrahydroquinoline  is  oxidized 
with  KMnO^  (B.  24,  772). 

Acetyl-i8atin,C,IlJ  f']£^*S^  ,  melts  at  141**.     Bensoyl  Isatin  melts 

U2JW— >vcO.CII, 
at  206°, 
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AntliRXzanic  Acid,  C^H^S  r^nT^j-^^  '  (^)>  ™cl^°g  '^  ^90^t  results  upon  ozidiz- 
mg  ftothioxmii  aldehyde  (p.  250)  with  potassium  pennanganate  (B.  16,  2222). 

p-Dimethylmmidophenyiglyozylic  Ester,  rCH,)^N.CfH4CO.CO,C,H^,  melting  at 
187®,  U  obtained  from  dimethyl  aniline  and  ethyl  oxalic  acid  chloride  (B.  10,  2081). 

o-Osjphenylglyozylic  Acid,  from  isatinic  acid  (B.  a6,  221),  melts  at  43®. 
p-lCethozyphenylglyozylic  Acid  melts  at  89^. 

Vemtroyl-carbozyUc  Acid,  (CH,0),[3,4]CeH, .  CO .  CO,H,  melting  at  138®,  and 
Piperonoyl-carbozylic  Acid,  (CH,0,)f3,4lC,H,CO.  CO,H,  melting  at  148**,  have 
been  produced  by  the  oxidation  of  anethol,  of  isoeugenol  methyl  ether,  and  of  isosafrol 
(B.  24*  34«8). 

Homologoui  PhenylgfyoxylU    Acids,  —  m  -  Tolylglyozylic    Acid  jrields  so-called 

Methyl  iMtin,  CH,[5]C,H,  /  f  ^^nhI?^,  melting  at  1840.     ThU  U  obtained  by  boil- 

ing  p-methylisatin-p-tolylimide,  melting  at  259^,  the  product  of  the  action  of  dichlor- 
aoetic  acid  upon  p-toluidine,  with  hydrochloric  acid  (B.  x6,  2262;  18,  198). 

M.  P. 

)-Tolyl-glyozylic  Acid 96°  (B.  14, 1750 ;  ao,  2049). 

l-Xylyl-glyozylic  Acid,     ....    70-8o<>  (J.  pr.  Ch.  [21,43, 144). 

-Xylyl-glyoxylic  Acid, 850  (J.  pr.  Ch.  [2],4i,485). 

jXylyl-glyozylic  Acid, 920  (B.  ao,  I76i5). 

Mesityl-glyozylic  Acid,     .   .    ii2-ii6o\.«  ^^  u   ^.,\ 
[2,4.5]-P8eudocumylglyoxyUc  Acid,    .   .   .  75°  /  ^"'  ^'  ^'  74iJ. 
2,3,4,6  and  2,3,5,6-Tetrainethylphenylglyozylic  Acid,  (B.  xg,  233;  ao,  3099). 

Phenylpyroracemic  Acid,  C^Hg .  CH, .  CO .  CO,H,  melts  at  154°  with  evolution 
of  carbon  dioxide.  It  is  formed  when  a-benzoylamidocinnamic  acid  (A.  a75, 8)  is  boiled 
with  caustic  alkali  or  hydrochloric  acid,  as  well  as  by  boiling  phenyloxalacetic  ester  with 
dilute  sulphuric  acid  (A.  ayx,  163). 

oOxyphenylpyroracemic  Acid,  HO  .  CJI^ .  CH,  .  CO .  CO,H,  is  produced,  like 
pbenylp3rroracemic  acid,  from  a-benzoylamido-o-oxycinnamic  acid  and  sodium  hydroxide. 

r  [ilCHj.CO 
Its  XtjAxxitya-OxohydracumaeiHy  C^H^K  j      (?),  melting  at   152°,  is  pro- 

duced when  it  is  boiled  with  acids  (B.  18,  1187). 

B.  Phenylparaffin-i9-Ketone  Carboxylic  Acids  are  produced 
(i)  by  a  condensation,  similar  to  the  acetoacetic  ester  formation,  from 
benzoic  and  fatty  acid  esters,  acetophenone  and  carbonic  acid  esters, 
with  alcohol  elimination,  in  the  presence  of  sodium  alcoholate  (see  ben- 
zoyl acetic  ester)  ;  (2)  by  the  introduction  of  alphyl  residues,  by  means 
of  chlorides, — e,  g.,  benzyl  chloride, — into  acetoacetic  ester  (see  benzyl- 
acetoacetic  ester);  (3)  by  action  of  benzaldehydes  upon  diazoacetic 
ester  (see  benzoyl  acetic  ester). 

With  hydroxy lamine  they  yield  oxime  anhydrides,  lactoximes  or 
isoxazolons;  and  with  hydrazine  and  phenylhydrazine,  hydrazine  anhy- 
drides, lactazams  or  pyrazolons  (i,  362). 

Benzoyl  Acetic  Acid,  C^H, .  CO .  CH, .  CO.H,  melts  at  103*^  with 
decomposition  into  COs  and  acetophenone.  It  breaks  down  in  the  same 
manner  when  it  is  boiled  with  dilute  acids.  It  is  obtained  by  saponifying 
its  ethyl  ester  with  caustic  potash  at  the  ordinary  temperature.  Ferric 
chloride  imparts  a  violet-red  coloration  to  its  solution. 

Benzoyl  Acetic  Ester,  QH, .  CO .  CH, .  CO.QHj,  boils  at  148** 
(i  I  mm.),  (i)  It  was  first  prepared  by  dissolving  phenyl-pto^voUc  ^sX« 
in  sulphuric  acid  and  then  diluting  wi\h  water  (B.  17,  (^b'^.    ^"^^^^ 
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the  action  of  sulphuric  acid  and  water  upon  a-bromcinnamic  ester  (B.  xg, 
1392)-  (3)  It  is  most  conveniently  made  by  the  action  of  dry  sodium 
ethylate  or  sodium  upon  ethyl  benzoate  and  acetic  ester  (B.  20,  653, 
2 1 79).  (4)  Small  quantities  of  the  ester  are  produced  when  esters  of  car- 
l>onic  acid  act  upon  acetophenone  together  with  sodium  ethylate.  (5)  It 
is  also  formed  when  benzaldehyde  is  heated  with  diazo-acetic  ester: 


SO«H« 


HsO 


1.  C,II,.CE=C.CO,.C,IIj  — 

2.  CjHs  .  CII  =  CBr .  CO,  .  CjII^  

3.  c.iij. co,c,ir, -f  CII,. CO,. cjij 

4.  c^Hj .  CO .  CII,  +  c;iifi .  CO, .  c,ii, 

5.  C^Il5.COH  + N,.CII.CO,C,Hj 


-CgHftOH 


~N, 


->q,H5  .  CO .  CH, .  CO,  .CjHj 
Benzoyl  Acetic  Ester. 


Kcnzoyl-acetic  ester  volatilizes  with  steam  without  decomposition  (A.  282,  155).  Its 
odor  resembles  that  of  acetoacetic  ester. 

It  forms  (i)  with  ammonia  an  addition  product  like  that  of  aldeh jde-ammonia ;  vith 
amines  it  splits  off  water  and  yields  imides — ^.^.,  /3-methylimidohydrocinnaiiiic  eater, 
(,II^C(NCH,)Cn,.CO,.C,H5  (B.  29,  105);  with  (2)  hydrazine  it  yields  3-phen)l- 
pyra/olun;  (3)  with  phenylhydrazine,  diphenylpyrazolon ;  (4)  with  hydroxylamiiie, 
jiheiiylisoxazolon ;  (5)  with  urea,  phenyluracil ;  (6)  with  guanidine,  imidophenylnraci! ; 
(7)  with  nitrous  acid,  the  oxime ;  (8)  with  diazobenzene  chloride,  the  phenylhydrazone 
of  benzoyl  glyoxylic  ester  (p.  261) ;  (9)  with  PCI5,  /7-chlorcinnamic  chloruie.  lodirw 
converts  its  sodium  compound  into  dibenzyl-succinic  ester,  while  with  the  alkylogens 
homologous  iK-'nzoyl  acetic  esters  result.  The  hydrogen  atoms  of '  the  CH,-group  are 
also  replaceable,  step  by  step,  by  acid  radicals.  It  yields  /^-ethoxycinnamic  esters  when 
acted  upon  with  oithoformic  esters.  The  tfmiV/r  melts  at  112°  (A.  266,  332),  and  the 
nfji/i./e'at  107°  (A.  245,  374). 

Benzoyl  Acetonitrile,  u-Cyanacetophenone ,  C,Hj.  CO.  CH, .  CN,  melting  at  80°, 
is  produced  on  l>oiIiiig  benzoylcyanacetic  ester  (p.  263)  with  water,  on  acting  upon  sodium 
oxymethylcnc  acetophenone  with  hydroxylamine  hydrochloride  and  sodium  hjfdroxide 
(  B.  24,  133),  and  u[K)n  treating  imidobenzoylacetonitrile  or  imidobenzoyl  methyl  cyanide 
with  hydrochloric  acid. 

Imidobenzoyl  Cyan-methane,  CJI^ .  C(:  NH)CII,CN,  melting  at  86®,  results  when 
sodium  acts  upon  a  dry  ethereal  solution  of  benzonitrile  and  methyl  cyanide  or  aceto- 
nitrile (B.  22,  R.  327).  When  treated  with  hydroxylamine  hydrochloride,  the  iniido- 
group  is  replaced  by  the  oximido-group,  and  the  latter  adds  itself  to  cyanogen  with  the 

N O 

production  of  phenylisoxazolonimide,  II  I  ,  melting  at  1 1 1°  (B.  26, 

CjHjC .  CH, .  C :  NH 
R.  272). 

p  Nitrobenzoyl-acetic  Acid,  C,H4(NO,) .  CO .  CH, .  CO,II,  melts  at  135®,  and  is 
])r<Kluccd  by  heating  p-nitrophenyl  propiolic  ester  with  sulphuric  acid.  It  breaks  down, 
on  melting,  into  CO,  and  p-nitroacctophenone.  o-Nitrophenyl  propiolic  ester  is  readily 
transposed  into  the  isomeric  isatogenic  ester  (B.  17,  326). 

Methylbenzoyl-acetic  Ester,  boiling  at  226®  (225  mm.),  when  treated  with  nitrous 
acid  forms  a-isonitrosopropiophenone  (B.  21,  21 19).  Ethyl- and  diethylbenxoyl- 
acetic  ester  boil  at  210°  (90  mm.)  and  223°  (150  mm.). 

AUyl-benzoyl-acetic  Ester  Iwils  at  220**  (loomm.).  Benzoyltrim ethylene  Car- 
boxylic  Acid,  melting  at  148^,  decomposes  at  higher  temperatures  into  CO,  and  benzoyl- 
trimethyUnf  (pp.  23,  190)  (B.  x6,  2128,  2136). 

2,5 -binitrophenyl-  and  2,4,6-Trinitrophenyl  acetoacetic  Ester,  melting  at  94^ 

and  98^,  result  from  the  action  of  2,5-dinitrobromben7.eneand  2,4,6-trinitrochlorbenzene 

(p.  68)  umn  sodium  acetoacetic  ester  (A.  220,  131  ;  B.  22,  990 ;  23,  2720). 

CO    C  H 
BcnzylacctoaccticEstcr.CjHj.CH,,  CH<^^*^j|   *,   is  derived  from   sodium 
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acctoacetic  ester  and  benzyl  chloride  (A.  204,  179).  It  boils  at  276°  and  by  the  ketone 
decomposition  yields  benzyl  acetone  (B.  15,  1875)  (p.  190) ;  by  the  acid  decomposition 
it  forms  phenylpropionic  acid  (p.  197). 

D.  y-  and  d- Ketone  Carbozylic   Acids. 

^Bensoylpropionic  Acid,  C^H^ .  CO.  CH, .  CH, .  CO,!!,  melting  at  Ii6<',  is  ob- 
tained (l)  by  the  condensation  of  benzene  and  succinic  anhydride  by  means  of  AlCl, 
(B.  ao,  1376) ;  (2)  by  reducing  /3-benzoyl  acrylic  acid  ;  (3)  by  the  elimination  of  carbon 
dioxide  from  benssoylisosuccinic  acid  (p.  262),  and  (4)  from  phenacyl-benzoylacetic  ester 
by  the  add  decomposition  ;  (5)  by  boiling  the  HCN-addition-product  of  cinnamic  alde- 
hyde with  dilute  hydrochloric  acid,  and  carefully  saponifying  the  phenyloxycrotonic  acid 
produced  at  first  in  the  cold,  which  in  the  heat  rearranges  itself  (B.  29,  2582) : 

-  CHjCH  =  CH  .  CH(OH)CN ^CLH.CH  =CH  .  CH(OH)  .  COOH ^C.IL- 

^   '  ^      '      CO.  erf,. tn,. COOH.      ^       '  •    * 

It  dissoWes  with  difficulty  in  hot  water.  Sodium  amalgam  reduces  it  to  /-phenyl- 
botyrolactone. 

Fliosphonis  pentasnlphide  conyerts  the  acid  into  phenyloxythiophcne  (B.  19,  553).  It 
yields  two  isomeric  oximes,  melting  at  129®  and  92®  (B.  25,  1932). 

a-Phcnyl-Uevulinic  AcidyC^lIj.  CH<pj7    qo  CH  •  ""^^^^^^S  *^  '^6®,  is  derived 

rrom  pbenylacetosuccinic  ester  (B.    17,   72 ;    18,  790).     ^-Benzyl-lsevulinic  Acid, 

C:;Hj.CH,.CH<^q»-^^»",  from  ^-benzal-laevulinic  acid  (A.  254,  202),  melts  at 

98^.     See  benzalangelicalactone.     /?•  Phenyl -y-acetobutyric  Acid, 

CH     CO  H 
C^Hj .  CH<^u«  •  ^Q*  ^j^  ,  melts  at  83°.     It  is  obtained  from  phenyldihydroresorcinol 

by  the  action  of  alkalies  or  acids  (B.  26,  2057  ;  A.  294,  322).  Phenyldihydroresorcinol 
b  again  formed  when  its  esten  are  condensed  with  sodium  alcoholate. 

9.  PHENYL-ALCOHOL-KETONE  CARBOXYLIC  ACIDS. 

Benzoyl  GlycoUic  Acid,  C^Hj.  CO.  CH(OH)CO,H,  melts  at  125°  (B.  16,  2133). 
Phenyl-y-keto-a-ozybutyric  Acid,  C-H^  .  CO.  CH^ .  CH(OH)COjH,  melting  at 
125®,  is  obtained  from  its  trichloride,  chloral  acetophenone,  C^H^  .  CO .  CH,  .  CH- 
(OH)Ca,.  melting  at  76®  (B.  26,  557). 

la  DIKETONE  CARBOXYLIC  ACIDS. 

Benzoyl  Glyozylic  Acid,  C^H^ .  CO  .  CO .  CO,H.  The  a-oxime  and  a-phenylhy- 
drazone  of  the  ethyl  ester  of  this  acid  have  been  prepared  by  the  action  of  nitrous  acid 
and  dia/obenzene  chloride  (B.  21,  2120)  upon  benzoyl-acetic  ester  (p.  259). 

Benzoyl-iaonitroao-acetic  Ester,  C^H^ .  CO .  C( :  NOH)CO,C,H.,  melts  at  I2i<». 
Bcnxoyl-a-phenylhydrazone-glyozylic  Ester,  C^H^ .  CO  .  C( :  N  .  N liCjI l5)CO,- 
CjHj.  melu  at  650. 

Qainisatinic  Acid,  o-Amidobenzoyl  Glyozylic  Acid,  NH2[2]CqH^CO.  CO.- 
COjII,  at  120®  breaks  down  into  water  and  its  lactam  or  lactime.  It  is  obtained  by 
oxidizing  /3,y-dioxycarbostyril  with  ferric  chloride.     Its  lactam  or  lactime  is — 

( [ilCO  .  CO  ( [iJCO  .CO  ,  .  ,  ^  ,„ 

Quiniaatin.  C.H,{L^^j^^^^  ^r  C.H,|J^j^  ^^^^.  meltmg  at  255-600  (B. 

«7.  985)- 

Benzoyl  Pyroracemic  Acid,  C^Hj .  CO .  CH, .  CO .  CO,!!,  melting  at  157°,  is  pre- 
pared from  its  ///iv/^/^-r  (melting  at  43®),  produced  in  the  condensation  of  acetophenone 
and  oxalic  ester  (B.  21,  1 131).  Ferric  chloride  imparts  a  blood-red  color  to  the  alco- 
holic solution  of  the  ester. 

When  benzoyl  chloride  acts  upon  acetoacetic  ester  it  produces  benzoyl  acetoacetic 
eater,  C^H^ .  CO .  CH .  (CO .  CH,) .  COjCjH^.  This  decomposes  into  acetovVivciQiii^wA 
benzoyl  acetone  (B.  18,  2131), 
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o-NitrobenzoyUaceto-acetic  Ester  (A.  aax,  323). 

Acetophenone-acetoacetic  Ester,  C^H, .  CO .  CH, .  CH .  <^*  qh  *  ™*'^  ** 
130^-140°,  with  decomposition  into  CO,  and  acetophenone-acetone  (p.  249).  Its  r/Ar/ 
ester  is  produced  by  the  action  of  u-bromacetopbenooe  npon  sodium  acetoacetic  ester 
(It.  16,  2866).  Like  acetophenone-acetone,  the  ester  readilj  fonns  a  furfuruie 
derivative. 

II.  PHENYLPARAPPIN  DICARBOXYLIC  ACIDS. 

The  phenylparafBn  dicarboxylic  acids,  like  the  aliphatic,  saturated  dicarboxylic  adds, 
can  be  arranged  into  malonic  acids,  ethylene  succinic  acids,  etc. 

Phenylmalonic  ^r;V/r.— Phenyl  Malonic  Acid,  C^H^.  CII(CO,H)„  melts  at  ISI^', 
splitting  ofT  CO,  and  forming  phenyl  acetic  acid.  Its  eiter^  boiling  at  171**  (14  mm.),  is 
formed  from  phenyloxalacctic  ester  by  the  elimination  of  carbon  monoxide  (B.  27, 1091). 
Dinitrophenylmalonic  Ester,  (NO,), .  CjII, .  CH(CO,C,Hj)„  melting  at  $1°.  is 
obtained  by  the  action  of  bromdinitrobenzene  upon  sodium  malonic  ester  (B.  ax,  2472; 
22, 1232;  23,  R.  460;  26,  R.  10). 

2,4,6-Trinitrophenylmalonic  Ester,  Picrylmalonic  Eiter^  (NO-),C||H,CH(C0,- 
CjIIj),,  exists  in  two  modifications,  melting  at  58®  and  64®  (B.  28,  3066;  ag,  R.  997). 

Benzyl  Malonic  Kz\^^  ^- Phenylisosuccinic  >^rf</,  C^II^ .  CH.  .  C II (CO^H),,  melt- 
ing at  117°,  is  obtained  from  its  ester,  produced  in  the  action  of  benzyl  chloride  npoo 
sodium  malonic  ester,  as  well  as  by  the  reduction  of  benzal  malonic  acid  (p.  22{8) 
(A.  218,  139). 

o-  and  p-Nitrobenzyl-malonic  Ester  (B.  20,434). — The  o-acid  is  condensed  by 
sodium  hydroxide  to  n-oxy-a-indol-carboxylic  acid  (B.  29,  639).  Methylbensyl 
Malonic  Acid  (A.  204,  177). 

C,IL.CH.CO-H 

Phcnyhiicdnic   Adds. — Phenyl-succinic    Acid,  1  ,   melting  at 

CH, .  CO,H 
167'',  results  from  w-chlorstyrene,  C^Hj.  CH  :  CHCl,  as  well  as  from  benzal  malonic 
ester,  by  means  of  |X)tassium  cyanide  (A.  293,  338) ;  by  the  decomposition  of  phenyl- 
acetsuccinic  e^tcr,  by  means  of  very  concentrated  caustic  potash ;  from  phenyl -ethane- 
tricarboxylic  aci«l  (p.  264),  and  from  the  sojcalled  hydro-comicularic  acid,  C,yH,jOj. 
Its  anhydride  melts  at  54°  (B.  23,  R.  573). 

o-Oxyphenylsuccinic  Acid  melts  with  decomposition  at  150^.  It  is  obtained  from 
coumarin  and  potassium  cyanide  (A.  293,  366). 

C,H..CH.CO,II 

Phenyl-methyl-succinic  Acids,  Awrn  tt    •  ^*^®        ^  obtained  in  two 

modifications,  melting  at  170°  and  192®  (B.  24,  1 876). 
C.IL.CH,.CH.CO,H 
Benyzlsuccinic   Acid,  1  ,  melts  at  161®,  and  results  from 

CH, .  CO,H 
sodium  etlian  tricarboxylic  ester,  or  sodium  ethan-tetracarboxylic  ester  by  the  action  of 
benzyl  chloride,  etc.  (H.  17,  449),  as  well  as  by  the  reduction  of  phenyl-itaconic  acid 
(B.  23,  R.  237).     It  forms  an  anhydride^  melting  at  I02**. 


la.  PHENVL-ALCOHOL-DICARBOXYLIC  ACIDS. 

Benzyl  Tartronic  Acid,  C^Hj.  CI  I,.  C(OH)(CO,lI)„  melts  at  143®,  with  decom- 
position into  CO,  and  /?-phcnyl-lactic  acid  (p.  252).  It  results  from  the  action  of  caustic 
potash  on  benzy-hhlormalonic  ester,  the  product  obtained  from  the  interaction  of  benzyl 
chloride  and  sodium  chlormalonic  ester  (A.  209,  243).  a-Anilido-^  Phenyl-kydrazido- 
benzylmalonic  Ester ,  etc.,  are  produced  by  the  addition  of  the  respective  bases  to  benzal- 
malonic  ester  (B.  28,  1451;  29,  813). 

/^  Methoxybenzyl  Malonic  Acid,  C^Hs  .  CH(OCH,)  .  CH(CO,H)„  melts  at  1150 
with  deconiix)sition  into  methyl  alcohol  and  benzal  malonic  acid,  from  whose  ester  the 
/^-melboxybenzylma\on'ic  ester  is  produced  V>y  add\V\oTvoV  %cAvamxiM?2K<]V«\.^^.«I^28qV 
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C.Hj.C(OH)CO,H 
PhenylmalU  ^rfii!r.^-a-Phenyl-a-ozy succinic  Acid,  1  >  melting 

CH|  .  CO,H 
at  187®,  is  produced  by  the  action  of  bromine,  phosphorus  and  water  upon  phenylsuccinic 
add. 

QH..CH.CO,H, 
a-Phenyl-/3-ozy8UCcinic  Acid,  1         xj\   r     „>™c^^"^g*^ '$<>-' 60®,  results 

from  the  interaction  of  phenylformylacetic  ester,  prussic  acid,  and  hydrochloric  acid  (B. 

^3.  R.  573). 

Phenyl-itamalic  Acid  may  be  obtained  in  the  form  of  its  lactone  acid,  Phenyl- 
C,H..CH.CH— CO.H 
paraconic  Acid,  y^        ^^^CH     t  nielting  at  109®,  by  heating  benzaldehyde 

with  sodium  succinate  and  acetic  anhydride  (i,  492)  (A.  256,  63).  When  phenyl-para- 
oonic  acid  is  boiled  with  alkalies  it  yields  the  salts  of  phenyl-itamalic  acid.  The  latter, 
when  in  a  free  condition,  immediately  reverts  to  phenyl-paraconic  acid.  This,  upon  dis- 
tillation, breaks  down  into  carbon  dioxide,  phenylbutyrolactone  (p.  254)  and  phenyliso- 
crotonic  acid.     A  further  product  is  a-naphthol  ^see  this). 

Phenyl-itaconic  acid  is  produced  when  metallic  sodium  or  sodium  ethylate  acts  upon 
pbenylparaconic  esters  (p.  289).  Hydriodic  acid  reduces  it  to  benzyl  succinic  acid  and 
phenyl-but>Tic  acid  (B.  29, 15). 

0-,  m-,  p-Chlorphenyl-paraconic  Acids  result  from  the  condensation  of  monochlor- 
benzaldehydes  with  sodium  succinate,  and  yield  three  chlorinated  naphthols  (B.  21,  R. 
733)<  1,3,4'Dichlorphcnylparaconic  Acid,  melting  at  138^,  forms  two  dichlomaph- 
thols  (B.  ag,  R.  224V 

a-  and  ^-Mcthylphenyl-paraconic  Acids  are  produced  in  the  condensation  of 
benzaldehyde  with  pyrotartaric  acid,  and  yield  methyl-a-naphthols  (A.  255,  257). 

C  H      CH     CO 
a-Phcnyl-y.valerolactoncCarboxylic  Acid,     •''!„'  ^„>2;,"*^^*°S *^  '^7**' 

COjH  ,  CH .  CH — CHg 
is  produced  in  the  reduction  of  phenylaceto-succinic  ester  (B.  18,  791). 


13.  PHENYLKBTONB  DICARBOXYLIC  ACIDS. 

Benzoyl  Malonic  Ester,  C^Hg .  CO .  CHf  CO, .  C^Hj),,  and  o-Nitrobenxoylmalonic 
Ester,  are  produced  by  the  action  of  benzoyl  cmoride  and  o-nitrobenzoyl  chloride  upon 
sodium  malonic  ester  (B.  ao,  R.  381).  The  latter  yields  quinoline  derivatives  upon 
reduction  (B.  22,  386). 

PO     PH 

Benzoyl  Cyanacetic  Methyl  Ester,  C^Hj .  CO  .  CH.<^jJ*  * """»,  melting  at  74®, 

is  formed  from  cyanacetic  methyl  ester  (r,  440)  and  benzoyl  chloride.  Its  ethyl  ester ^ 
ntelting  at4I®,  from  benzoyl  acetic  ester  and  cyanogen  chloride,  yields  cyanacetopbenone 
on  boiling  with  water  (p.  258). 

Benzoyl- Isosuccinic  Ester,  C^H^ .  CO .  CH, .  CH(CO,C,H5)„  is  obtained  from 
<ii-bromacetophenone  and  sodium  malonic  ester  (B.  18,  3324). 

C,H..CH.CO.CO,.C,H.  .    , 
Phenyl-ozalacetic  Ester,  1^     ^  „  » is  formed  from  oxalic  ester, 

CO, .  CjHj 
phenylacetic  ester,  and  sodium  (B.  20,  592).    See  phenyl-malonic  acid,  p.  262. 

C,H.  .CH.CO.CO,C,H. 
Phenylcyanp3rroracemic  Ester,  1  ,  is  obtained  from  oxalic 

ester,  benzyl  cyanide,  and  sodium  (A.  271,  172).     See  phenylpyroracemic  acid,  p.  259. 

C.H..CH.CO,H       , 
PhenyUacetosuccinic  Ester,  i  ,  Js  formed  from  sodium  aceto- 

CH,  .  CO .  CH  .  CO,H 
acetic  ester  and  phenylbromacetic  ester  (B.  17,  71). 

C.H..CH,.CH  .CO,H  ,     ^  ^      . 

Benzyl-aceto-succinic  Ester,  r.r^   ^tr    f^r\u*  results  from  the  interac 

CH, .  CO .  CH  .  CO,H 
tion  of  sodium  acetosacciaic  ester  and  benzyl  chloride  ^B.  ii,  \o^%^. 
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14.  PHBNYL-OXYKBTONB  DICARBOXYLIC  ACID8. 

CH. .  CH  .  CH— CO,C,H,   ^ 
Kctophenylparaconic  Ester,        *     L  >CO  ,(3.26,2144). 


15.  PHBNYLPARAPFIN  TRICARBOXYUC  ACID& 

Phenylcarbozyl-succinic  Acid,  Phenyl-ethane-tricarbozylic  Acid.— Its  ester 
is  formed  when  phenylchloracetic  ester  acts  apon  sodium  roalonic  ester  (A.  2x9, 31). 
The  acid  breaks  down,  on  heating,  into  CO,  and  phenylsuccinic  add  (B.  23,  R.  573). 


16.  PHBNYLKETO-TRICARBOXYLIC  ACIDS. 

a-  and  /SBenxoyltricarballylic  Acids,  C^Hj.  CO.  CH(CXX)H)CH(COOH)CH,. 
COOII  andCeH.C0C(C00H)(CH,C001I)..  Their  esters  are  formed  from  chloBOcdnic 
Cbter  and  benzoylacetic  ester,  or  from  benzoyiacetic  ester  with  bromacetic  ester  tnd  sodium 
ethylate  (B.  29.  R.  788). 

Addendum. — A  number  of  compounds  attach  themselves  to  the  phenylpoljilcobob 
and  their  oxidation  products.  They  may  be  regarded  as  derived  from  the  TaricMiS 
classes  of  bodies  which  have  just  been  described,  by  assuming,  in  addition  to  the  one 
aliphatic  side-chain,  a  second  or  more  groups  (mostly  carboxyl  groups)  attached  to  the 
benzene  ring.  Most  of  the  bodies  belonging  here  are  o-di-derivatives  of  beoieiie, 
o-phenylene  derivatives,  obtained  in  part  from  o-phthalic  acid,  and  in  part  by  the  oxidi- 
tion  of  derivatives  of  ortho- condensed  hydrocarbons  —  r.  g.^  indene  and  naphthalene. 
Mei)ti<ni  mny  be  made  of  the  subjoined  compounds.  Some  of  them  are  intimately 
related  to  the  dicarboxylic  acids,  which  have  been  discussed,  carrying  the  one  carboxyl 
group  in  the  nucleus  and  the  other  in  the  side-chain. 


17.  PHENYLENE-OXYDICARBOXYLIC  ACIDS. 

o  Carbomandelic  Acid.  COjH[2]CjH^ .  Cn(OH)CO,H,  decomposes  readily  into 
water  and  a  lactone  carboxylic  acid : 

fClI  .  CO.H 
Phthalid-carboxylic  Acid,  ^«^l4i^p.>o        »  ™<^1'J"C  *^  '49**!  and  l)eyond  180° 

decom|)()sinj;  into  carlx)n  dioxide  and  phthalide.     It  is  produced  by  reducing  pbenyl- 
^lyoxyl  o-carl>oxyIic  acid  (B.  18,  381).     It  is  quite  soluble  in  water  and  crystallizes  in 

leaflets. 

f  CH .  cn, .  coji 

Phthalid-acetic  Acid,  Cgll^-^  -n>0  ,  melting  at   150^,  is  derived  from 

phthalylacetic  acid  by  reduction  (p.  289)  (B.  10,  1 558,  2200). 

Normeconine-acetic  Acid,   (HO),[5,6]C,hJ  J;  :^,^^>o    '*        *    ,   melting  at 

C[2jCO 
228°,    results    from    the    action    of   hydriodic    acid   upon   meconine  -  acetic   acid, 

([ilCH  .CH,  .CO.Il 
^^^\^^)'i\.S^^Y\^h\)  -yf^f^yO  '     The  latter  is  formed  in  the  condensation  of 

opianic  acid  with  raalonic  acid,  glacial  acetic  acid,  and  sodium  acetate  (B.  ig,  2295). 
Dihydroisocoumarin-carboxylic  Acid,  CjH^I  *    A  *    »   melting    at 

153°,  is  isomeric  with  phthal id -acetic  acid.     It  is  produced  in  the  oxidation  of  dihydro- 

naphthol  (see  this)  with  potassium  permanganate  (B.  26,  1841). 
„^  ,.  ,.^  ...    .,  f[i]CH— CIL.CHXO.H 

Phthalid-propiomc    Acid.  C«H,|^  ICO^  *  melting  at  I40<>,  re 

suits  from  the  reduction  of  phthalylpropionic  acid  (B.  11,  1681). 
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^  ,  ,         .   .  f  ri]CIl(CO„M)0 

0  Phcnylene-accto-glycol-lactone   Acid,  C H.«^  "■  ■"       ^      *       1     -f  i><H,0. 

•    *  I  [2]CH, CO  ^    /^     «    ' 

Oeiting  at  85^,  is  obtained  from  phenylene  diacetic  acid,  bromine,  phosphorusi  and  water 
(B.  26,  223). 

f  rilCH(OH) .  CH  .  CO,H 
o-Carbophenylglyceric  Acid  Lactone,  C^H^  <  ^  "*      ____A  » melting 

Mt  202®,  is  produced  when  /3-Daphthoquinone  is  oxidized  with  a  bleaching  lime  solution. 
When  the  lactone  acid  is  heated  with  hydrochloric  acid  it  loses  water  and  becomes 
o^trboD-a-oxycinnamic  acid  lactone  (B.  27,  198). 

18.  PHENYLENE  KETONE  DICARBOXYLIC  ACIDS. 


o-Carbophenylglyozylic  Acid,  Pkthalonic  Acid,  C,H^  |  YJ(^  jf  ^»^,  melting  at 


158-140^,  is  formed  in  the  oxidation  of  o-hydrindene  carboxylic  acid  (see  this),  naphtha- 
loie,  a-oaphthol,  /9-naphthol,  and  the  oxy-quinone  of  /J-phenylnaphthalene  with  potassium 
pennanganate  (A.  240,  142).     It  yields  o-carbomandelic  acid  upon  reduction  (p.  264J. 

Trichloraceto-benzoic  Acid,  C^H^  |  KirQ  h  *•  ™**^*"g  *^  '44**»  *°^  Tribrom- 
acsto-benzoic  Acid,  melting  at  160^,  result  when  chlorine  or  bromine,  in  glacial 
aoctk  acid,  acts  upon  phthalylacetic  acid  (B.  10,  1556). 

o-Carbobenzoyl  Acetic  Acid,  CjH,|[^J^^j^"«- ^^a",  melting  at  90°,  with 


cleoomposition  into  carbon  dioxide  and  acetophenone-o-carboxylic  acid  (p.  238),  is 
Ibrmcd  when  phthalyl  acetic  acid  is  dissolved  in  an  excess  of  caustic  soda  and  precipitated 
with  acids  (B.  10,  1553). 

Cyanacetophenone-o- carboxylic  Acid  melts  at  136®  (B.  26,  R.  371). 

Bensoyl'-cyanacetoester-o-carbozylic  Acid,  CO,H[2]CjH^ .  CO .  CH<^^«^»^6' 

melting  at  121^,  is  produced  by  the  action  of  soda  upon  phthalylcyanacetic  ester  (B.  26, 

R.  370). 

o-Carbobcnxoyl-propionic  Acid,  QH^  I  ^CO  H  "' '  ^"'  *  ^^«",mcltsat  I37«>. 

O 1 

(i:;:--CIL.CH,.CO 
The  double  lactone ,  ^t^^i\  ^^  >o  »  corresponding  to  this  acid,  is  produced 

on  heating  succinic  anhydride  and  phthalic  anhydride  with  sodium  acetate  (B.  iz,  1 680; 
x«.  3"9). 

19.  TRI.  AND  TETRA-CARBOXYLIC  ACIDS. 
Benzylmalon-o-carbozylic  Acid,  oCarbobentylmaloftic  Acid, 
^'*«  1  CoYl  *    ***  breaks  down  at  190®  into  hydrocinnam*o-carboxylic  acid  and 

CO^     Its  diethyl  ester  results  from  the  reduction  of  phthalylmalonic  ester  (A.  242,  37). 

0-,  m-,  p-Xylylene-dimalonic  Tetra-ethyl  Esters, CjH4[CH,.  CH(C0jC,H5),],. 
are  produced  in  the  reduction  of  the  three  corresponding  xylylenedichlor-dimalonic 
esters,  CjH^[CIIjCCl(CO,C,H5),],,  which  are  the  prcxlucts  of  the  action  of  sodium 
cfalormalonic  ester  upon  the  iti-xylylene  dibromides  (B.  21,  31).  The  xylylene  dimalonic 
acids  break  down,  on  heating,  into  phenylene  dipropionic  acids  and  2CO,. 

so.  OXYTRI-  AND  PENTACARBOXYLIC  ACIDS. 
fC[CH,.CO,H], 
Phthalyl  Diacetic  Acid,  C^H^  \    \  ,  melting  at  158^,  is  obtained  from 

ICOO 
rC(CH)(CO,H),), 
phthalyl  dimalonic  acid,  i^H^  \   \  (A.  242,  80). 

Icoo 

11—23 
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SI.  KBTONB  TRICARBOXYLIC  ACIDS. 

2,6-Dicarbophenylglyozylic  Acid,  (CO,H)j2,61C;H,CO.  CX).H,  mdUog  it  238°, 
is  fomie<i  when  naphihalic  acid  is  oxidized  with  KMdO^  (B.  26,  1790).  Hjdriodic  acid 
and  phosphorus  reduce  It  to  2-methylisophthalic  acid  (p.  242),  and  when  heated  it  be- 
comes 2-aldehydoisophtha1ic  acid  (p  245),  while  more  complete  oxidation  converts  it 
into  hemimellitic  acid  (B.  29,  R.  282). 

Ircgenonc  Di-  and  Tri-carboxylic  Acids,  CH,[4]C;H,  |  C^l^^J-^*^'"  and 
a),n[4]C.!l.{[y^g^"^^^^^^^     (B.  26.2684). 


MONO-NUCLEUS,   AROMATIC   SUBSTANCES,    WITH   UNSATU- 
RATED  SIDE-CHAINS. 

The  l>enzene  derivatives  thus  far  considered  contained  saturated  side- 
( hains  having  carbon  present  in  them.  To  these  are  attached  the  com- 
pounds having  unsaturated  side-chains — e.g.  : 

rhenvlcthylene,  Styrolene,  CjH^.CH :  CH,  Phenyl  Acetylene,  CJAJZ  \  CH 

Cinnamyl  Alcohol,  Styrone,  CgHj.CH :  CH.CH,OH  — 

Cinnamyl  Aldehyde,      .    .  CeHj.CIIrCH.CIIO  — 

Cinnamic  Acid, CjH5.CH:CH.CO,H     Phenyl  Propiolic  1  p,,,  p  .  p  ^q  u 

Tlicy  can,  like  the  unsaturated  aliphatic  bodies,  be  converted  by 
nnincrons  additive  reactions  into  saturated  compounds,  as  has  frequently 
l)ccn  sliown  in  the  preceding  sections. 

la.  OLEPINE  BBNZENBS. 

Phenyl    Ethylene,    Styrolene,    Vinylbenzene,    CeHj.CHiCH,, 

boiling  at  144°,  occurs  in  storax  (1-5  percent.),  from  which  it  is  obtained 
upon  distillalion  with  water.  It  also  accompanies  crude  xylene  in  coal- 
tar  (H.  23,  3169,  3269).  It  is  prepared  (i)  by  the  action  of  zinc-dust 
and  glacial  acetic  acid  upon  phenylacetylene.  Sodium  and  methyl 
alcoliol  will  i)roduce  the  same  result  (two  hydrogen  atoms  are  added) 
(B.  21,  1 1 84).  (2)  By  heating  cinnamic  acid  with  lime  (B.  23,  3269)  or 
with  water  to  200°.  (3)  I^y  the  action  of  alcoholic  potash  Ujjon  brom- 
cthyl  benzene,  and  (4)  by  the  condensation  of  acetylene,  C,H„  upon 
application  of  heat.  (5)  From  vinyl  bromide,  benzene  and  aluminium 
chloride  (A.  235,  331).  (6)  It  is  best  obtained  from  /?-brom-hydro- 
cinnamic  acid,  which  is  immediately  decomposed  by  a  soda  solution  into 
styrolene,  carbon  dioxide  and  hydrobromic  acid  (B.  15,  1983).  It  is  a 
mobile,  strongly  refracting  liquid,  with  an  agreeable  odor.  Pure  styrolene 
is  optically  inactive;  its  sp.  gr.  =0.925  at  0°. 

Hydriodic  acid  converts  styrolene  into  ethyl  benzene,  C^Hj.  CjHj  ;  hydrochloric  and 
hydrobromic  acids  change  it  toa-haloid  ethyl  l3enzenes(B.  26,  1709),  while  with  chlorine 
and  bromine  it  yields  a,/?-dihaloid  ethyl  benzenes  ;  chromic  acid  or  nitric  add  oxidizes  it 
to  benzoic  acid. 
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With  xylene  and  salphuric  acid,  styrolene  forms /3phenyl-a-toIyl  propane;  and  with 
pbenol,  oxydiphenylethane  (B.  24,  3S89).  Nitrous  acid  converts  it  into  styrolene 
Ditrosites,  C;Hj.  C,H,  .  (N,0,)  (B.  ag,  356). 

A.  StyroUtus  containing  the  substitutnis  in  the  side-group, — The  derivatives  of  styro- 
lene substituted  in  the  vinyl  residue  will  be  discussed  immediately  after  styrolene  itself. 

Two  series  of  monosubstituted  styrolenes  result  from  the  replacement  of  vinyl  hydro- 
gen.    They  are  known  as  a-  and  Ci)-substitution  products : 

a-Bromstyrolene,  C^HjCBr :  CH,.  w-Bromstyrolene,  QJl\  .  CH  :  CHBr. 

The  a-products  result  on  heating  styrolene  chloride  (-bromide)  alone,  with  lime,  or 
with  alcoholic  potash.  They  possess  a  penetrating  odor,  causing  tears.  They  yield 
acftophenone  (B.  14,  323)  when  they  are  heated  with  water  (to  180^)  or  with  sulphuric 
acid.  a-Chlor-8tyrolene  also  results  from  acetophenone  chloride  (p.  189)  when  it  is 
digested  with  alcoholic  potash. 

a-Chlorstyrolene  boils  at  190^. 
a-Bromstyrolene    *•     •*  150-160®  (75  mm.) 

The  u-products  are  derived  (along  with  phenylacetaldehyde)  from  the  /?-phenyl- 
a-chlor  (brom)  lactic  acids  (p.  255),  upon  heating  with  water.  G>-Chlor8tyrolene  is 
obtained  also  from  cj-dichlorethyl-benzene  with  alcoholic  potash.  u-Bromstyrolene  is 
formed  from  dibrom-hydrocinnamic  acid  (p.  255)  by  boiling  with  water.  When  they  are 
heated  with  water,  phenylacetaldehyde  results.  They  are  oils  having  a  hyacinth-like 
odor. 

See,  further,  phenylacetylene  (p.  268)  and  phenylpropiolic  acid  (p.  284). 

Dichlorstyrolene,  C^Hj.  CCl :  CIICl,  boils  at  221°  (B.  10,  533).  Dibromstyro- 
Icne  boils  at  253®  (B.  17,  R.  22).  Hx-xo^'sXyxoX^Vi^^phcnylacttylene  dY-iWidV,  melt- 
ing at  76°,  is  obtained  from  phenylacetylene  and  iodine  (B.  26,  R.  18).  Tri-iod- 
styrolene,  Phenyl  tri-iod- ethylene ^ilJA^,Q\\  Q\^  melting  at  108®,  is  obtained  from 
phenyl  iod-acetylene  and  iodine  dissolved  in  CS,  (B.  26,  R.  19). 

<.»-Nitro-styrolene,  phenylnitro-ethylene,  C^Hj.  CH:  CH(NOj),  melting  at  58<»,  is 
oUained  by  boiling  styrolene  with  fuming  nitric  acid,  by  heating  bcnzaldehyde  with 
nitromethane,  CH,(NO,),  and  ZnCl,  to  190®  (B.  17,  527),  and  by  the  action  of  fuming 
nitric  acid  upon  phenyl -isocrotonic  acid  (B.  17,  413),  as  well  as  by  the  action  of  NO, 
upon  cinnamic  acid,  when  the  dinitro-compound,  C^Hj.  CjH2(N02)j .  CO,H,  formed  at 
first,  decomposes  (B.  18,  2438 ;  29,  357).  It  possesses  a  peculiar  odor,  provoking  tears, 
is  readily  volatilized  in  aqueous  vapor,  and  forms  yellow  needles.  Dilute  sulphuric  acid 
decom()oses  it  into  benzaldehyde,  carbon  monoxide,  and  hydroxylamine. 

Phenylnitropropylene,  C^Hj .  CH  :  C(NOj)CH3,  melting  at  63®,  is  obtained  by  the 
action  of  NjO,  upon  phenylmethyl  acrylic  acid  (B.  24,  2773). 

Phenylvinylamine,  u-Amidostyrolenet  C^H^  .  CH  :  CHNH,,  is  very  unstable.  It  is 
olHained  by  heating  a-amidocinnamic  acid  (p.  276)  (B.  17,  1622),  and  from  cj-nitrostyro- 
lene  (B.  26.  R.  677). 

B.  Styrolenes  substituted  in  the  benzene  nucleus^ — The  three  nitrostyrolenes  are  pro- 
duced hy  the  action  of  a  cold  soda  solution  upon  the  nitrophcnyl brom- lactic  acids  (p. 
255)  or  Ijy  boiling  the  /3- lactones  of  the  phenylbrom-lactic  acids  wiUi  water  (B.  x6,  2213; 
17.  595). 

0-,  m-,  p-Nitrostyrolenes,  NOjCeH^CH  :  CH,,  melt  at  +13*,  —5"* 
and  +29®.  o-Amido8tyrolene  is  a  very  unstable,  oily  body. 
m-Amidostyrolene,  boiling  at  11 2-1 15**  (12  mm.),  is  an  oil,  which 
polymerizes  with  ease.  m-Azostyrolene  melts  at  38**  (B.  26,  R.  677). 
p-Amidostyrolene,  melting  at  81°,  is  formed  on  heating  p-amidocin- 
namic  acid,  and  together  with  p-amidocinnamic  acid  in  the  reduction  of 
p-nitrocinnamic  ester  (B.  15,  1984). 

C.  Styrolenes  substituted  both  in  the  benzene  nucleus  and  in  the  side- 
chain- — PCU  converts  o-  and  p-nitroacetophenones  into  liquid  ortho-  and 
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X^-nitro-a'chlorstyroUne,  NO,.  QH4.  CCl :  CH„  melting  at  63**  (A.  aai, 
329). 

o-Nitro-fl»-chlorstyrolcnc,  NO, .  QH*.  CH  :  CHCl,  melting  at  58°, 
is  obtained  from  o-nitrocinnamic  acid  and  hypochlorous  acid  (,B.  17, 
1070). 

o-Amido-chlorstyrolene,  melting  at  56^,  yields  indol  when  it  is 
heated  to  170°  with  sodium  alcoholate;  see  also  o-oxy-op  chlorstyrolene 
(p.  269).     p,a>-Dinitrostyrolene  melts  at  199**  (B.  17,  R.  528). 

Mention  may  be  made  of  the  following  hamologues  ^  siyrokne: 
m-  and  p-Methyl  Styrolenes,  CH,.  QH4CH  :  CH„  boil  at  164^ and 
at  170-175°  (1^-  24,  1332). 

Allyl  Benzene,  C^Hj .  CH  :  CH  .  CII„  boiling  at  I74^  is  formed  when  stjnme  is 
reduced  with  hydriodic  acid  (B.  ii,  670).  Isoallylbenxene,  Propenyl  Betnene, 
C^U^  .  (  H, .  Cn  :  CI  I,,  boiling  at  155®,  is  obtained  from  benzene,  allyl  iodide,  and  ziac- 
dust  (A.  172,  132). 

I  b.  Acetylene  Benzenes:  Phenylacetylene,  ^r^/^fij^/^^ffs^;!^, 

QH5 .  C  :  CH,  boiling  at  139°,  is  produced  (i)  when  a-brom-styrolene 
and  (2)  acetophenone  chloride  are  heated  to  130*  with  alcoholic 
l)otash ;  (3)  also  from  phenyl  propiolic  acid  (p.  284),  on  heating  it 
with  water  to  120**,  or  upori  distilling  the  barium  or  aniline  salt  (B. 
29.  R.  797). 

It  is  a  plcnsant-smelling  liquid.  It  forms  metallic  compounds,  like  acetylene,  with 
lunmoniacal  silver  and  ccpi^er  solutions:  (C^llj  .C  I  C),Cu,  is  bright  yellow,  C^H^.- 
CI I  :  C\\r  is  white  ( H.  25,  1096).  The  sodium  compound,  Cgll^Na.  inflames  in  the  air, 
and  witli  carl)on  (lioxi<le  it  yields  phenyl  propiolic  acid.  When  phenyl-acetylene  is  dis- 
solved ill  sul|)liuric  acid  and  diluted  with  water,  it  yields  acetophenone,  while  styrolene  is 
pnxluced  on  boiling  it  with  acetic  acid  and  zinc-dust  (B.  22,  II84). 

Phenyliod -acetylene,  C' ILC  •  CI,  boils  at  136®  (22  mm.)  (B.  26,  R.  20). 

C  "  CH 

o-Nitrophenyl  Acetylene  and  p-Nitrophenyl  Acetylene,  C^U^<:^j^l^      , melting 

at  81-82°  and  152°,  are  produced  on  boiling  o-nitrophenylpropiolic  acid  and  p-nitro- 
plienylpropiolic  acid  with  water. 

o-Amidophenyl  Acetylene,  CgTI^fNH,)C  :  CH,  is  an  oil  with  an  odor  resembling 
that  of  the  indigo  vat.  It  is  produced  in  the  reduction  of  o-nitrophenyl -acetylene  with 
/inc-dust  and  ammonia,  or  with  fenous  sulphate  and  potassium  hydroxide,  and  in  the  de- 
composition of  o-amidophenyli)ropiolic  acid. 

Phenylmethylacetylenc,  Phenylallylene^  S^V  ^  ''  ^-^^^s*  boiling  at  185®,  is  pro- 
duced on  boiling  j>henylbrompropylene  with  alcoholic  potash  (B.  2X,  276).  Phenyl- 
ethylacetylene,  U/ding  at  201°,  is  obtained  from  sodium  phenylacctylide  and  ethyl 
iodide,  as  well  as  from  j^henyliodacetylene  and  zinc  ethide. 

I  c.  Dioleflne  Benzenes. — p  Divinylbenzene,  CjH^(CH  :  CII,),,  is  a  liquid  with 
an  odor  like  that  of  petroleum.  It  is  produced  when  p-di-a-bromethylbenzene  is  heated 
with  quinoliuc  (B.  27,  2528). 


II  a.  OLEFINS  PHENOLS. 

Various  representatives  of  this  class  occur  in  the  vegetable  kingdom  : 
chavicol,  chavibctol,  cstragol,  anethol,  eugenol,  safrol,  asarone,  apiol, 
etc.  All  are  phenol-like  derivatives  of  allyl-  and  isoallyl-  or  propenyl- 
benzene.  The  allyl  fatty  derivatives  occurring  in  the  vegetable  kingdom 
were  mustard  oil  \iy  423)  and  oil  of  garlic  (i,  150). 
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A.  Olefine  Monoxybenzenes. — m-Vinylphenol,  ClI.^ :  CII .  C^H^ .  Oil,  boiling 
at  115®  (16  mm. )»  is  obtained  from  m-amidostyrolene  (p.  267).  o-  and  p- Vinyl 
anisoU,  CH, :  CH  .  C,H4 .  O .  CH,,  boiling  at  198®  and  204*',  have  been  obtained 
from  the  correspooding  methoxycinnamic  acids  (B.  11,  515). 

o-Osy-<i»-phlor8tyrolene,  HO.  [2]C^H4.  CH :  CHCl,  melting  at  54^,  is  obtained 
from  o-amido-4.HchlorstyToIene.  Caustic  potash  converts  it  into  cumarone  (see  this). 
o-Thio-ii^-chlorstyTolene,  HS.  C^H^ .  CH  :  CHCl ;  see  benzothiophene. 

Allyl-  and  Propenyl  Phenols. — A  very  common  property  of  the  allyl  phenols  is 
tlieir  reamuigement,  induced  by  hot  alcoholic  potash,  into  isomeric  propenyl  com- 
pounds: 

Methyl- 
Ghavicd,  CHjO.C^H^.CH^CH  :  CH, ^  CH50.CJI,.CH  :  CH.CH,      Anethol. 

Methyl  Methyl 

Ei«eool,  (CH,0),C,H,.CH,.CH:CH,— >(CH30),.CjH,.CH:CH.CH3  Isoeugenol 

Safiol.  .   .   (CH,0,)C,n,.CH,.CH:CH,— >(CH,0,).CjH5.CH:CH.CH,  Isosafrol 
Apid,   .   .   |^|J«^)«}.C,H.CH,.CH:CH,>|^j[»^Mr,H.CH:CfI.CH,  Isoapiol. 

The  propenyl  derivatives  are  distinguished  from  the  allyl  derivatives  by  higher  spe- 
cific gnvities,  higher  melting  points,  and  greater  refractive  power  (B.  2a,  2747  ;  23, 862). 
When  the  propenyl  compounds  are  acted  upon  with  nitrous  acid,  in  glacial  acetic  acid, 
they  yield  di-isonUrososuperoxides^  derivatives  of  a-diketones  (see  anethol).  The  allyl- 
and  propenyl-pbenols,  when  carefully  oxidized  with  potassium  permanganate,  yield 
pkiMoi  gfycols  (p.  248)  and  phenol-glyoxylic  acids  (p.  259).  See  B.  29,  676,  etc.,  for 
the  action  of  bromine  and  alkalies. 

Chavicol,  ^ Allyl  Phenol,  CH, :  CH .  CH,[4]CeH40H,  boils  at  237<»  and  occurs 
in  the  oil  obtained  from  the  leaves  of  Chavica  BetU,  It  is  a  colorless  oil  with  peculiar 
odor  and  its  aqueous  solution  is  colored  blue  by  a  drop  of  ferric  chloride.  Methyl  Chav- 
fr^/ boils  at  226®,  and  Elhyl jOhavicol  hoWs  at  232**  (B.  23,  862). 

Bstragol  occurs  in  estragonal  oil  (B.  27,  R.  46).  It  is  isomeric  with  methyl  chav- 
icol. It  boils  at  215^  (compare  B.  29,  344).  Both  bodies  change  to  anethol  when 
heated  with  alcoholic  potash.  The  cause  of  the  isomerism  of  these  two  compounds  has 
not  yet  been  explained. 

p-Anol,  ^Propenyl  Phenol,  CH,.CH  :  CH[4]CjILOH,  melting  at  92<>,  is  prepared 
by  heating  anethol  with  caustic  alkali  (A.  Suppl.  8,  ^i). 

Anethol,  i^- Propenyl  Anisol,  CH, .  CH  :  CH[4]CgIl4  .  O .  CH„  melting  at  2i<>  and 
boiling  at  232®,  occurs  in  anise  oil,  from  the  seed  of  Pimpinrlla  Anisum,  in  that  from 
the  seed  of  Illicium  anisaium,  in  the  fruit  oi  Anethum  fotniculum,  and  in  estragonal  oil. 
It  is  also  formed  from  estragol  and  methyl  chavicol  (see  above).  It  has  been  obtained 
synthetically  from  ^-p-methoxyphenylmethacrylic  acid ;  this  would  prove  that  its  con- 
stitution is  that  of  p-propenyl  anisol  ( B.  10,  1604).  Chromic  acid  oxidizes  it  to  anisic 
and  acetic  acids,  while  dilute  nitric  acid  changes  it  to  anisic  aldehyde  (p.  219).  Methoxy- 
phenylgljToxylic  acid  is  produced  on  treating  it  with  potassium  permanganate  (p.  259). 
See  al^  di-isonitroso-anethol  peroxide,  p.  250.  o-  and  ^-Propenyl  Anisols  boil  at  222® 
and  227<>  (B.  29,  R.  644). 

B.  Olefine  Dioxybensenes. — Of  this  group  it  is  the  olefine-3,4-dioxybenzenes 
which  are  almost  exclusively  known.  They  usually  occur  as  ethers  in  plants,  or  are 
obtained  by  the  breaking  down  ot  plant  acids. 

Hesperetol,  Vinyl-ZA-g^Mcol,  ^^^^^Cfi^.CHiCU^  melting   at  57^  is 

produced  in  the  dry  distillation  of  calcium  isoferulate  (p.  283)  (B.  14,  967). 

Allyl- 3,4-|>3rrocatecbine  is  not  known  in  a  free  condition.  However,  its  three 
methyl  ethers  and  its  methylene  ether  have  been  found  in  ethereal  oils. 

Engenol,  AUyl-A^guaiacol,  Eugenic  Acid,  cH  0^3]  } '  ^•"» *  ^"*  *  ^"  '  ^"•'  " 
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an  aromatic  oil  boiling  at  247®.  It  is  colored  blue  by  ferric  chloride.  It  occurs  io  ihe 
uil  from  Eugenia  caryophyllata^  in  that  from  Eugenia  pimenia^  etc.  Sodium  anulgam 
re<]uces  coniferyl  alcohol  to  eugenol  (p.  272)  (B.  9,  418).  Potassium  pennangsDate 
oxidi/es  it  to  homovanillin,  yanillin,  and  ▼anillinic  acid.  It  breaks  down  into  acetic 
acid  and  protocatechuic  acid  when  fused  with  potassium  hydroxide  (p.  227).  See  B.  27, 
2455  ;  28,  2082,  for  the  derivatiyes  of  eugenol. 

Chavibetol,  Betel-phenol,  AUyl-ZAguaiacol,  cj^ofl]  }  ^^  *  ^^«  "  ^"  *  ^"«* 
Itoiling  at  254®  (760  mm.),  131°  (12  mm.),  occurs  in  the  ethereal  oil  obtained  from  the 
leaves  of  Piper  Betle  (J.  pr.  Ch.  [2].  39>  349  J  B.  23,  862). 

Eugenol  Methyl  Ether.  Alfyl-^A't^nitrol,  (CH,0),[3,4]C;H,  .  CH,.  CH:CH,, 
lx>ilin(r  at  244®,  is  present  in  paracoto-oil  (A.  271,  304),  in  the  ethereal  oil  from  Asarum 
europtium  (H.  21,  1060),  and  in  baye-cil.  It  has  been  synthetically  prepared  from  pyro- 
catechol  dimethyl  ether,  allyl  iodide,  and  zinc-dust  (B.  28,  R.  1055).  Chromic  acid 
oxidizes  it  to  dimethyl  protocatechuic  acid  or  vetraric  acid  (p.  228).  It  forms  isoeogenol 
methyl  ether  when  heated  with  alcoholic  potash.  It  also  results  when  sodium  eugenol 
or  potassium  chavibetol  is  treated  with  methyl  iodide  (J.  pr.  Ch.  [2],  39,  353). 

Safrol,  Shikimol,  Allyl- ly^-pyrocatechol  methyleneether, 

CII,<^[^3  jCjH,  .  CHj.CH  :CH„  melting  at  8<»  and  boiling  at  232®,  is  present  in 

the  oil  of  Siissafras  officinalis^  and  in  that  of  Illicium  religiosum  or  Shikimino-Ki. 
Potassium  |>ermanganate  oxidizes  it  to  methylene-p-,m-dioxybenzylglycol  (p.  24$), 
homopiperonylic  acid  (p.  229),  and  piperonoyl  carboxylic  acid  (p.  259),  which  are  further 
oxidized  to  piperonal  and  piperonylic  acid  (p.  229)  (B.  24,  3488 ;  a8,  2088).  Nitro- 
sites  (see  B.  28,  K.  1004). 

Propenyl-3,4-pyrocatechol,  isomeric  with  allyl-3,4-pyrocatechol,  is  not  known  in 
a  free  state.  The  propenyl  pyrocatechol  ethers :  isoeugetiolf  isoeugenol  methyl  ether^  and 
isostj/rol^  isomeric  with  the  previously  described  allyl  pyrocatechol  ethers,  arc  derived 
from  it. 

Isoeugenol,  ^j  j  qI^J  |  C5H5CH  :  CH  .  CH,,  boiling  at  260®,  is  formed  when  hc«no- 

ferulic  acid  (p.  283)  is  distilled  with  lime  and  upon  heating  eugenol  with  caustic  potash 
or  siKlium  alcoholate  in  aniyl  alcohol  (B.  27,  2580 ;  Ch.  C.  1897,  I,  384). 

Isoeugenol  Methyl  Ether,  Propenvl-^^^-veratrol,  boiling  at  263°,  results  upon 
heating  eugenol  methyl  ether  with  alcoholic  potash  (B.  23,  1 165).  Potassium  perman- 
ganate oxidizes  it  to  vcratroyl  carlx)xylic  acid  (p.  259)  and  veratric  acid  (B.  24,  2877). 
It  yields  a  glycol,  meltinjj  at  88°,  when  it  is  carefully  oxidized  (p.  248). 

Isosafrol,  ClI^  :  [|W  I  C^II,  .  CH  :  CH  .  CH„  boiling  at   2490,  is  obtained  from 

safrol  by  heating  it  with  alcoholic  potash,  or  with  dry  i^ium  ethylate.  Potassium  pcr- 
manjjanate  oxidi/es  it  to  a  glycol  (p.  24S),  melting  at  Ioi°,  and  piperonoyl  carboxylic  acid 
(|).  259).  Chromic  a'ciil  changes  it  to  pi()eronal,  artificial  heliotropine  (p.  220),  from 
which  it  can  be  again  reformed  by  condensation  with  propionic  acid,  and  the  splitting- 
off  of  COj  from  the  methylene-homo-caffelc  acid,  which  is  first  produced  (p.  283)  (B. 
29,  R.  382).  Sodium  and  alcohol  reduce  it  to  dihydrosafrol  and  m-propyl  phenol  (B. 
23,  1 160). 

C.  Olefine  Trioxybenzenes.  —  Asarone,  Propenyl-2^^^^\}\trimethoxybemene^ 
(ClI,0)3[2,4,s](;5lI,.CII:  CIl.CHj,,  melting  at  67°  and  boiling  at  296®,  separates 
from  the  ethereal  oil  of  the  root  o{  Asarum  europtsum,  in  which  it  is  present  together  with 
terpenes  and  eugenol.  Potassium  permanganate  oxidizes  it  to  trimethoxybenzaldehyde 
and  a  trimethoxybenzoic  acid  (j).  231),  which  breaks  down  into  CO,  and  oxyhydrofjui- 
none  methyl  ether  when  it  is  distilled  with  lime  (B.  23,  2294). 

Myristicine,  fiutenyl-i.^.^tnoxybenzene  methyl  methylene  ether, 

(CllV)'!  f  ^«'^.i^4^'7'  melting  at  30°,  results  upon  treating  the  high-boiling  portions 
of  muscat  nut  oil  and  maci  oil  with  metallic  sodium.  It  can  be  oxidized  to  ethers  of  a 
lrioxyl)enzaldehyde  and  a  trioxyl)enzoic  acid  (B.  24,  3818). 

D.  Olefine  Tetraoxybenzenes. — K^xqX,  Allylapionohtimethylmethylene ether ^{Q\\^- 
0),^C1I./),) .  C,H  .  Cllj .  Cn  :  CHj,  melting  at  '30**  and  boiling  at  294**,  occurs  in  pars- 
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lej  seeds  and  in  Peiroselinum  sa/hmm,  Potassiam  permanganate  oxidizes  it  to  ethers 
of  a  tetraoxybenzaldehyde  and  a  tetraoxybenzoic  acid.  See  also  apionol^  p.  166.  Boil- 
io^  potash  changes  it  to  the  isomeride  isapiol,  melting  at  56^  and  boiling  at  304^  (B.  25, 
R.  90S).  An  apiol,  boiling  at  162®  (11  mm.),  differing  from  the  preceding  only  in  the 
lelatiTe  position  of  the  meSiylene  and  methyl  groups,  occurs  in  the  oil  from  Anethum 
graveolem  (B.  29,  1800). 

II  b.  Acetylene  phenetol,  CH  •  C .  C^Hp.  C^H^  (A.  269, 13). 


IIL  PHENYLOLEFINE  ALCOHOLS  WITH  THEIR  OXIDATION  PRODUCTS. 

The  chemistry  of  the  phenylolefine  alcohols,  aldehydes,  and  ketones 
has  not  been  fully  developed.  Their  phenol-like  derivatives  will  be  dis- 
cussed in  immediate  connection  with  the  most  important  representatives 
of  the  class.  The  division  in  detail  of  the  material  into  polyalcohols  and 
their  oxidation  products,  as  was  carried  out  with  uni-nucleus  benzene 
derivatives  having  oxygen-containing  side-chains,  is  not  feasible  with 
uni-nuclens  benzene  derivatives  having  unsaturated  oxygen-containing 
side-chains,  because  at  present  no  representatives  have  been  prepared  for 
many  classes  of  compounds  which  can  be  deduced  theoretically.  The 
bodies  belonging  here  will,  therefore,  be  introduced  at  the  proper  places 
in  connection  with  the  simple  phenylolefine  alcohols  and  their  oxidation 
products. 

I  (a).  Phenylolefine  Alcohols. 

The  two  phenyl  vinyl  alcohols  possible  theoretically  are  not  known,  and  apparently 
are  incapable  of  existence.  The  a-haloid  styrenes  become  acetopbenone  upon  replacing 
their  halogen  atom  by  hydroxyl,  while  the  /3-haloid  styrenes  yield  phenyl  acetaldehyde : 

aOikjcstyiene,  C^Hj .  CQ  :  CH,    ^^ — X^^Hj .  CO .  CH,      Acetopbenone 

w-Bromstyrene,  CgH^ .  CH  :  CHBr X^t^b  •  ^^j  •  ^HO  Phenylacetaldehyde. 

However,  the  corresponding  ethyl  ethers  have  been  prepared : 

^-Phenylvinyl-ethyl  Ether,  C^H^.  CH  :  CH  .  O  .  CjHj,  boiling  at  2170,  is  formed 
from  ci-chlorstjrrene  (p.  267)  and  sodium  ethylate  (B.  14,  1868).  a- PhntyhnnyUthyl 
Ether ^  QJl\JZ{PCJl\^  :  CH,,  boiling  at  209^,  is  obtained  by  splitting  off  alcohol  from 
•cetophenone  acetal  (p.  189)  with  heat,  and  is  rearranged  by  heating  under  pressure  into 
iwmeric  phenyl  ethyl  ketone  (p.  189)  (B.  29,  2931). 

Styione,  Cinnamyl  Alcohol,  y-Phenyl-allyl  Alcohol,  C^H^  .  CH  :  CH  .  CH,OH, 
melting  at  33®  and  boiling  at  250®,  occurs  as  cinnamic  ester  in  liquid  Storax,  the  sap  of 
the  Ufmdambar  orientalU  tree,  found  in  the  southwestern  portion  of  Asia  Minor. 
When  oxidized  it  becomes  cinnamic  aldehyde,  cinnamic  acid,  and  benzoic  acid;  see 
abo  stycerine,  p.  248.  Styrylamine,  QJA^ .  CH  :  CH  .  CH,NH„  boils  at  236^'  (B. 
16, 1858). 

I  (3).  Oxyphenylolefine  Alcohols. 

f  filCH  •  CH 
Oxyphenylvinyl  alcohols  are  not  known,  but  cumarone,  ^^4  \  \Jir\     *   1     *  A"  \nntx 

anhydride,  the  cyclic  ether  of  o-oxyphenylvinyl  alcohol,  has  been  made.  It  will  be  de- 
fcribed  later  under  the  heterocyclic  compounds. 

Qlyco-o-camar-Alcohol,  C,H„Oj .  O .  C,H^ .  CH  :  CH  .  CH,OH,  melting  at  1 150, 
has  been  formed  from  glyco-o-cumunldehyde  (see  below). 

Sec.  Methyl-o-cumar-Alcohol,  HO .  QH4 .  CH :  CH  .  CH(OH)CH,.  melts  at 
47^.     See  methyl-o-comar-ketone,  p.  272. 
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HOWl 


CooifeTrl  Akohol,  m- Jfoi«x^p^tr^sfrrMr,  q,  qZ^  }  C;H,  .  CH  :  CH  .  CH/)H, 


mduis  Ml  73'*  >s  fonaed  from  oooiferine  (see  this),  which  emolsin  decompoMi  inio 
g!acoiC9  and  oooifcrrl  alcohoL  VaniUhie  resolts  from  its  oxkUtioo  (p.  219)  mod  ensenol 
from  its  redoctioo  \p.  270 1. 

Cabebine,  CH,    ^l^i  ^  C,H,  .  CH  :  CH .  CH,OH,  melting  «t  1250,  is  foand  ia 

c-j'«hs,  the  frixit  of  Pi/er  .'ji.v*!i. 

2  'j\.  Pbenylolefine  Aldehydes. 

Cinnamic  Aldehyde,  J /><b«r/tf«rwM^.  C;H.  .  CH :  CH .  CHO,  boiling  at  i^f, 
hjrms  the  chief  constituent  of  cinnamon  oil  from  Per  sea  dnnamomium^  and  tibe  oil  from 
Perjea  Caisia,  from  which  it  can  be  extracted  with  acid  sodium  sulphite.  The  fint  pro- 
duct ii  the  double  deriratire.  CJi| .  CH  :  CH  .  CH(OH)SC>,K,  which  combines  with 
a  secocxl  molecule  of  mooo-potassium sulphite  to  yield  C^H^ .  CHSOlR  .  CII,  .  CH(OH)  .- 
SO^K.  -r  2H,0,  which  dissolves  with  ditticnity  1 B.  24,  1S05).  The  aldehyde  results 
from  the  oxidation  of  cinnamyl  alcohol,  in  the  dry  distillation  of  a  mixture  of  the  lime 
salts  of  cinnamic  and  formic  acids,  and  by  the  action  of  hydrochloric  acid  gas  or  soditmi 
hydrate  ( B.  17,  21 17).  or  sodium  ethylate  (B.  ao,  657)  upon  a  mixture  of  benaJdehjde 
and  acetaldehyde. 

Cinnamic  aldehyde  is  a  colorless,  aromatic  oil,  which  distils  readily  in  aqueous  Taper. 
When  ex[x>^ed  to  the  air  it  oxidizes  to  cinnamic  acid.  It  adds  chlorine  and  bromine  very 
readily.  The  dihaloid  addition  products  change  with  ease  into  o-Mono-chlor-  and 
'iMonobromcinnamic  Aldehydes,  C^Hj.CH  rCX.CHO,  melting  at  as*' and  72® 
(B.  24,246). 

a-  and  .}  Trithiocinnsmic  Aldehyde  melt  at  167^  and  213®  (B.  24,  1452). 

Hydro-cinnamide,  iC,H^^,N-,  melts  at  106®. 

Its  /^'fivJ/iu/r.izoPie,  C^U^.  CH  :  CH  .  CH(\,H .  C^H^),  melts  at  i68<».  The  s)^- 
(»jrj»/^  melts  at  138.5°. 

The  antioximf^  melting  at  64**,  is  converted  by  hydrochloric  acid  gas  in  ethereal 
solution  into  the  syn-oxime  (B.  27,  3428).  Isoquinoline  is  produced  when  the  latter  is 
heated  with  P./  >j  1  H.  27,  2795 1. 

Nitrocinnamic  Aldehydes  are  ol>tained  from  the  aldehydes  of  the  nitrophenyl- 
lactic  acids  (j).  248).  o-,  m-,  and  p- Nitrocinnamic  aldehydes  melt  at  127®,  116°,  and 
141°  (IJ.  18,  2335). 

a  Methylcinnamic  Aldehyde,  C^Hj.CHj  C(CH,)CHO  (B.  19,  526,  1248). 

2  Kb).  Oxyphenylolefine  Aldehydes. 

o  Cumaric  Aldehyde,  HO[2]CgH^.  CH  :  CH  .  CHO,  melting  at  1330,  is  produced 
by  the  action  of  eiimUin  upon  Givco-o-cumaric  aUehyJe^  ^-s^^ii^^s .  O  .  C^H^ .  CH  :  CH  .  • 
("HO,  melting  at  190°,  the  condensation  product  of  helicine  (see  this)  and  acetaldehyde 
(IJ.  20.  1931).  It  occurs  as  methvl  ether  in  the  oil  of  cassia  (B.  28,  R.  386).  m-  and 
I)  Acrylaldchydophcnoxyl-acetic   Acid,  CO,H  .CHjO.  C^H^  .  CH  :  CH  .  CHO  (B. 

Piperonyl  Acrolein,  (CIl20^)[3.4]C4lIaCH  :  CH  .  CHO,  melting  at  7o<>,  is  obtained 
from  piperoiial,  acetaldehyde.  ami  sodium  hy<lroxide  (B.  27,  2958)  ;  see  piperic  acid. 

3.   Phcnyldiolefine  Aldehydes. 

o  Nitrocinnamcnyl  Acrolein,  NO,CjIl^  .  CH  :  CH  .  CH  :  CH  .  CHO,  melts  at  153° 
(*i.  17,  2026). 

4  («).  Pbenylolefine  Ketones. 

The  phcnylolefine  ketones  are  readily  obtained  from  the  corresponding 
aldehydes  and  methyl  ketones  by  means  of  sodiinn  hydroxide. 
^  Benzal  Acetone,  Benzylidene  Acetone,  Cinnamyl  Methyl  Ketone, 
QHi.  C!H  :  CH.CO.  CH3,  melting  at  41°  and  boiling  at  262®,  is  produced 
in  the  distillation  of  calcium  cinnamate  and  acetate,  as  well  as  in  the  con- 
densation of  iKMizaldehyde  and  acetone  with  dilute  sodium  hydroxide 
(A.  223,  139). 
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It  dissolves  with  an  orange-red  color  in  sulphuric  acid.  Its  phenylhydrazone^  melt- 
ing  at  156**,  readily  rearranges  itself  to  i,6-diphenyl-3-raethylpyrazoline  and  1,5-diphenyl- 
3-pynzole  (see  this)  (B.  20,  1099).  Its  oxime  melts  at  115^  (B.  20,  923).  Boiling 
lodiam  hypochlorite  conyerts  benzalacetone  into  cinnamic  acid.  Chloroform  is  elimi- 
nated at  the  same  time.  The  nitration  of  benzalacetone  produces  the  o-  and  p-nitro- 
derivatives.  Benzalacetone  and  sodiam  malonic  ester  condense  to  phenyldihydro- 
Rsorcylic  ester  (B.  27,  2054,  2199). 

o-  aod  p'Nitrobenxal  Acetone  melt  at  60®  and  iio^,  respectively  (p.  249).  The 
o-body  passes  readily  into  indigo.  a-Methyl-quhioline  results  from  it  by  reduction. 
Water  is  simultaneously  liberated. 

PtperonyUdene  Acetone,  (CH,0,)CjHjCH  :  CH  .  CO.  CH„  melts  at  960  (B.  28, 
R.  1009). 

Cnsninol  Acetone  (A.  223,  147).  Allyl  Acetophenone,  C^M^ .  CO  .  CH, .  - 
CH, .  CH :  CH,,  from  allyl  benzoyl  acetic  acid  (B.  16,  2132),  boils  at  236^ 

4  (^).  Ozyphenylolefine  Ketones. 

o-Ozybensal  Acetone,  Methyl'iycumar -ketone,  HO  .  CjH^  .  CH  :  CH  .  CO  .  CII,, 
netting  at  139^,  is  obtained  from  salicylaldehyde,  and  also  by  the  action  of  emulsin 
Vpoo  ghuomeihylo-cutnarketone,  C^H^Oj  .  O  .  C,H^  .  CH  :  CH  .  COCH,,  melting  at 
192^.  The  latter  compound  is  a  condensation  product  of  helicine  (see  this)  and  acetone 
(B.  a4, 3180).  0-,  m-,  and  ^- Phenoxyacetic  aad-acryl  methyl  ketones  melt  at  108°,  122®, 
and  177®  (B.  19,  3056). 

5.  Phenyldiolefine  Ketones. 

Cinnamenyl  Acetone,  C^Hj .  CH  :  CH  .  CH  :  CH  .  CO  .  CH„  melting  at  68°, 
Rsalts  from  the  condensation  of  cinnamic  aldehyde  and  acetone.  Its  oxime  yields  a 
pyridine  derivative  upon  dry  distillation  (B.  29,  613).  Benzalmesityl  Oxide, 
CH..CH:CH.CO.CH:C(CH,),.  boils  at  I78<>  (14  mm.)  (B.  14,  351).  '  Pipcr- 
ooyfene  Acetone,  (CH,0,)C,H, .  CH :  CH  .  CH  :  CH .  CO  .  CH„  melts  at  89°  (B.  28, 
"93). 

6.  Phenylolefine  Carboxylic  Acids. 

These  acids  arrange  themselves  into  two  distinct  classes.  The  one 
class  is  derived  from  a  saturated  acid  by  substituting  an  unsaturated  side- 
chain  for  hydrogen  attached  to  the  benzene  nucleus — e,  g.,  vinyl  benzoic 
acid.  The  second  class  comprises  the  phenylated  oUfine  monocarboxylic 
acids. 

A.  Phenylolefine  Carboxylic  Acids  having  their  CO^H  group 
attached  to  the  nucleus. 

o-Vinyl  Benzoic  Acid,  CH,  :  CH[2]CjH^.  COjH.  o- Vinyl  benzoic  acids,  chlori- 
nated in  the  vinyl  residue  and  also  in  the  benzene  residue,  have  been  obtained  by  the 
decomposition  of  chlorinated  hydrindene  and  naphthoquinone  derivatives  (B.  27,  2761 ; 
A.  275,  347)-  m- Vinyl  Benzoic  Acid,  melting  at  95®,  is  formed  from  m-amido- 
styroleoe  (B.  26,  R.  677).  o-,  m-,  and  p-Propenylbenzoic  Acids,  CH, :  C(CH,) .  - 
C,H^.  CO,H,  melt  at  6o*>,  99°,  and  161°  (A.  219,  270;  248,  64;  275,  160). 

o  Vinylphenyl  Acetic  Acid,  CH- :  CH  .  C^H^  .  CH, .  CO,H.  Derivatives  of  this 
acid,  chlorinated  in  the  vittyl  residue,  have  also  been  obtained  by  the  breaking  down  of 
chlorinated  ketohydronapbthalenes  (B.  21,  3555). 

B.  Phenylolefine  Carboxylic  Acids  with  the  carboxyl  group  in 
the  unsaturated  aliphatic  side-chain. 

The  true  phenylolefine  monocarboxylic  acids  may  be  obtained  by  the 
oxidation  of  corresponding  alcohols  and  aldehydes,  as  well  as  by  simi- 
lar methods  from  the  phenylparaffin  monocarboxylic  acids  or  fatty  acids 
(i,  277).  The  nucleus-synthetic  method,  however,  is  far  more  im- 
portant ;  it  consists  in  the  action  of  the  sodium  salt  and  the  anhydride 
of  a  fatty  acid  upon  an  aromatic  aldehyde  (Perkin's  reaction). 
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History. — As  early  as  the  year  1856  Bertagoini  foond  that  ctnnamic  acid  was  formed 
upon  heating  benzaldehyde  with  acetyl  chloride.  In  1865  W.  H.  Perkin,  Sr.,  synthe- 
sized coumarin,  the  lactone  of  o-oxycinnamic  acid  (p.  281),  by  heating  sodium  salicyl- 
aldehyde  with  acetic  anhydride.  In  1875  Perkin  gave  this  reaction  an  entirely  different 
aspect  by  allowing  sodium  acetate  and  acetic  anhydride  to  act  upon  salicylaldehjde. 
In  this  modified  form  the  reaction  acquired  more  general  application. 

Many  chemists  have  assisted  in  Uie  amplification  of  the  Perkin  reaction,  which  in 
consequence  has  become  one  of  the  most  fruitful  synthetic  methods. 

The  course  of  the  reaction  has  been  made  clear  by  |he  researches  of  v.  Baeyer  and 
().  R.  Jackson,  Conrad  and  Bischoff,  Oglialoro,  and  especially  by  those  of  Fittig  and  his 
students,  Jayne  and  Slocum  (A.  2x5,  97,  116  ;  aay,  48) : 

(1)  In  the  condensation  of  aromatic  aldehydes  and  fatty  acids  the  carbon  atom,  com- 
bined with  the  carboxyl  group,  unites  with  the  carbon  of  the  aldehyde  group. 

(2)  The  reaction  takes  place  with  the  aldehyde  and  the  sodium  salt  of  the  fatty  acid. 
The  anhydride  of  the  latter  acts  as  a  dehydrating  agent. 

(3)  The  condensation  proceeds  in  two  stages  :  {a)  the  union  of  the  aldehyde  and  the 
sodium  salt,  as  in  the  formation  of  aldol,  with  the  production  of  the  sodium  salt  of  a 
/^oxyacid  ;  {h)  the  exit  of  water  from  the  ^-ox3racid,  resulting  in  the  formation  of  the 
olefuie  carboxylic  acid.     In  many  instances  the  reaction  was  arrested  in  the  first  stage : 

(a)  CjIIj .  CHO  -h  CH,  .  CO,Na >-  C^Hg .  CH(OH) .  CH,  .  CO,Na. 

{b )  C.Hj .  CH(OH)CH, .  CO,Na    ""'^     >  C^Hj .  CH  :  CH  .  CO,Na. 

A  second  nucleus-synthetic  method  for  the  preparation  of  phenyl-ole- 
fine  carboxylic  acids  consists  in  the  condensation  of  benzaldehydes  with 
fatty  acid  esters  by  means  of  sodium  ethylate  or  metallic  sodium  (Clai- 
sen,  B.  23,  976)  : 

Cgllj  .  CHO  -f  CH,  .  CO  .  O  .  C^Hft— ^"'^     >  CJI^ .  CH  :  CH  .  CO,  .  ZJi\. 

Phenyl  Acrylic  Aci4s. — According  to  the  structural  theory,  there 
are  two  possible  isomerides,  the  a-  and  /9-acids,  which  are  known  in  cin- 
namic  and  atropic  acids  : 

/?- Phenyl  Acrylic  Acid,   ^  ,,   pu  .  ^y,  r^r^  tt  a-Phenyl  Acrylic  Acid,  ^  „   ^-v^COjH 
Cinnainic  Acid,  •    *'        *        '       '  Atropic  Acid,  •    **^^H    * 

Frinn  what  was  learned  in  connection  with  the  alkyl  acrylic  acids  we  might  well  expect 
the  existence  of  one  unstable  (labile)  modification  of  cinnamic  acid.  However,  not  less 
than  three  unstable  (labile)  forms  of  the  ordinary  cinnamic  acid  (p.  276)  have  been  ob- 
served :  two  aniong  the  alkaloids  occurring  in  the  synthesis  of  cocaine — naturaliso-cin- 
namh  acid  and  allo-citiuamic  acid  (Liebermann).  The  third  variety  is  the  artificial 
isocinnamic  acid  (Erlennieyer,  Sr.,  A.  287,  l)  formed  in  the  reduction  from  alcoholic  so- 
lution of  the  unstable  (labile)  a-bromcinnamic  acid  (the  /i-bromcinnamic  acid  of  Glaser) 
with  zinc-ilust. 

Cinnamic  Acid,  ^-Phenyl  Acrylic  Acid,  Acidum  cinnamylicum, 
QH5 .  C!H  :  CH  .  CO2H,  melting  at  133°  and  boiling  at  300°,  occurs  in 
Fern  and  tola  balsams,  in  storax,  and  in  some  benzoin  resins;  also, 
together  with  a-  and  /9-tnixillic  acids,  the  natural  isocinnamic  and  allo- 
cinnamic  acids,  in  the  decomposition  products  of  the  associated  alkaloids 
of  cocaine. 

Formation. — It  is  produced  (i)  by  the  oxidation  of  its  alcohol  and  its 
aldehyde;  (2)  by  the  reduction  of  i)henylpropiolic  acid  with  zinc-dust 
and  glacial  acetic  acid  (H.  22,  1181)  ;  (3)  nucleus-synthesis — from  ben/al- 
dehyde :  {a)  with  sodium  acetate  and  acetic  anhydride,  {b)  with  acetic 
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ester  and  sodium  ethylate  (see  above)  ;  (4)  upon  heating  benzal  chloride 
with  sodium  acetate.  The  latter  reaction  serves  for  the  technical  prepa- 
ration of  cinnamic  acid  (B.  15,  969) ;  (5)  by  heating  benzalmalonic 
acid  (p.  288) ;  (6)  its  phenyl  ester  is  produced  when  phenyl  fumaric 
ester  is  heated  (p.  148). 

Properties  and  Deportment. — Cinnamic  acid  crystallizes  from  hot  water  in  fine 
needles,  from  alcohol  in  thick  prisms.  It  is  soluble  in  3500  parts  of  water  of  17^,  and 
readily  in  hot  water.  It  may  be  purified  by  distillation  under  greatly  reduced  pressure, 
or  by  crystallization  from  petroleum  benzine  (A.  z88,  194). 

Ferric  chloride  produces  a  yellow  precipitate  in  solutions  of  the  cinnamates. 

Nitric  acid  and  chromic  acid  oxidize  it  to  benzaldehyde  and  benzoic  acid.  It  is  con- 
verted into  phenylglyceric  acid  by  potassium  permanganate  (p.  255).  Fusion  with 
caustic  potash  decomposes  it  into  benzoic  and  acetic  acids. 

Being  an  unsaturated  acid,  cinnamic  acid  can  readily  take  up  hydrogen,  hydrogen  bro- 
mide, .hydrogen  iodide,  bromine,  chlorine,  and  hypochlorous  acid,  with  the  production  of 
hydrocinnamic  acid  (p.  I97),  /3-brom-,  /?-iodhydrocinnamic  acid  (p.  255),  phenyl-a,/^- 
dichlor-,  a,;3-dibrompropionic  acid  or  cinnamic  acid  dichloride,  cinnamic  acid  dibro- 
mide,  and  /3-phenyl-a-chlorlactic  acid  (p.  255). 

Cinnamic  Acid  DerriHitives. — Methyl  Ester  mt\\s  at  33°  and  boils  at  263°.  Ethyl 
Ester  boils  at  271°.  Phenyl  Ester  melts  at  72°  and  boils  at  206®  (15  mm.) ;  see  cin- 
namic acid.  Pyrocatechol  Ester  melts  at  129°  (B.  11,  1 220;  18,  1945  ;  25,  3533). 
Styryl  Ester,  Styracine,  melts  at  14**.  The  chloride  melts  at  35°  and  boils  at  154** 
(25  mm.).  The  anhydride  melts  at  130°  (B.  27,  284).  The  amide  melts  at  141°.  The 
anilide  melts  at  151**.  The  nitrite  melts  at  II**  and  boils  at  254°  (B.  15,  2544;  27, 
R.  262). 

Haloid  Cinnamic  Acids  Substituted  in  the  Side-chain. — (a)  Phenyl- mottohaloid 
Acrylic  Acids.  The  structural  theory  provides  for  two  isomeric  monochlor-acrylic  acids, 
hot  there  are  really  two  modifications  for  each  of  these  structural  isomerides.  It  is  cus- 
tomary to  distinguish  them  as  a-  and  /3-chlorcinnamic  acid  and  allo-a-  and  allo-/?-chlor- 
cinnamic  acid  (H.  22,  R.  741  ;  A.  287,  i). 

o-Cblorcinnamic  Acid,  C-H5  .  CTI :  CCl .  COjH,  melting  at  137°,  is  formed  (i) 
by  the  action  of  alcoholic  potash  on  phenyl-  fl-,;3-dichlorpropionic  acid;  (2)  from  benzal- 
dehyde, sodium  monochloracetate,  and  acetic  anhydride ;  (3)  from  phenyl -a-clilorlactic 
acid  by  means  of  acetic  anhydride  and  sodium  acetate ;  (4)  by  the  action  of  CrO,  upon 
aldehyde  ( B.  24,  249). 

Allo-a-chlorcinnamic  Acid,  melting  at  ili°,  is  produced,  together  with  a-chlorcin< 
namic  acid,  according  to  method  i. 

/3-Chlorcinnamic  Acid,  C5II5  .  CCl :  CH  .  COjH,  melting  at  132. 5°,  and  Allo-)3- 
chlorcinnamic  Acid,  melting  at  142°,  are  formed  by  the  addition  of  hydrochloric  acid 
to  phenylpropiolic  acid. 

a- Brom -cinnamic  Acid,  C^II^  .  CH  :  CBr .  CO^II,  melting  at  130°,  and  Allo-a- 
biom-cinnamic  Acid,  melting  at  120^  (Glaser's  /^b^om-cinnamic  acid),  result  when 
phenyl-a,/3-dibrompropionic  acid  is  acted  upon  with  alcoholic  potash.  The  latter,  when 
beatod,  changes  to  the  higher -mf^Cvti^  o-brom-cinnamic  acid.  When  it  is  treated  with 
zinc  dost  in  alcoholic  solution  it  yields  *'  artificial  isocinnamic  acid,"  together  with  allo- 
dmiamic  acid.  The  latter,  very  probably,  is  the  primary  product  of  the  reaction,  and  is 
converted  by  the  zinc  bromide  into  the  artificial  isocinnamic  acid.  Both  yield  benzal- 
dehyde upon  oxidation. 

/)- Brom -cinnamic  Acid,  C-H^.  CBr :  CH  .  COjH,  melting  at  133^,  and  Allo-/3-brom- 
cionjimic  Acid,  melting  at  150.5^,  are  formed  simultaneously  upon  the  addition  of  hy- 
drogen bromide  to  phenylpropiolic  acid.  The  second  acid,  upon  heating,  changes  to 
the  Amw'r-melting  /)-brom-cinnamic  acid,  and  upon  reduction  yields  not  only  cinnamic 
acid,  bat  also  ** artificial  isocinnamic  acid.  '* 

{b)  Pkenyldihaloid  Acrylic  Acids  result  from  the  addition  of  halogens  to  phenylpro- 
piolic add.  Dichlorcinnamic  Acid,  C,!^.  CCl:  CCl  .CO^H,  melts  at  1200  (B.  25, 
2665V  a-  and  ^-Dibrom -cinnamic  Acids  melt  at  139^  and  100^  (B.  25,  2665). 
Di-iodcinnamic  Acid  melts  at  121^  (B.  24,  4113)- 
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The  unstable  (iabiie)  modifications  of  Cinnamic  Acid  (|>.  274) ; 
Natural  hovinnamU  Acid  melts  ftt  4S-47^  (57*')t  moDOclinic  (B.  13,  147). 
AUocinnamic  Acid  melu  at  66®,  monoclinic  (B.  37,  2048). 
Artificial  Jsocinnamic  Acui  melts  at  43-5-^^*'f  monoclinic  (A.  287,  7). 
All  the  varieties  cr)'stallize  in  monoclinic  forms,  which  show  no  relaticoship  to  one 
another.     The  ratio  of  axes  and  the  magnitude  of  angles  are  entirely  diSereoL    Tbe 
crystals  of  the  artificial  isocinnamic  acid  are  characterized  by  their  remarkable  decon- 
lK>Nability,  which  disa^ipears  with  the  other  {Jabilt)  modifications. 

Cinnainic  acid  cannot  be  converted  into  any  of  its  unstable  (labile)  modificitioiis. 
Allo-cinnamic  acid  forms  an  aniline  salt,  melting  at  83®  and  dissolving  with  difficulty  in 
li^roTne.  It  can  also  be  easily  obtained  firom  the  natural  and  tbe  artificial  isodn- 
nainic  acid. 

Thus  far  *'  natural  isocinnamic  acid,"  has  only  been  found  in  the  decompositicm  acids 
(if  the  alkaloids  associated  with  cocaine,  where  it  occurs  together  with  ordinary  and  sllo- 
cinnaiiiic  acids.  The  allo-cinnamic  aciti^  however,  has  also  been  obtained  with  much 
riiiiiainic  acid  from  benzalmalonic  acid,  and  together  with  *^ artificiaiisoamnamic  aeiJ" 
liy  reducing  allo-n-  and  allo'^^brom-cinnamic  acid  in  alcoholic  solution,  as  well  asfircm 
U>ih  isocinnamic  acids  by  means  of  aniline.  When  allo-cinnamic  acid  is  treated  with 
zinc  and  bromine  in  alcoholic  solution  it  yields  artificial  isocinnamic  acid.  Chlorine  and 
hnMnine  convert  it  into  allo-cinnamic  acid  dichloride  and  allo-cinnamic  acid  dibromide  (p. 
>55)>  addition  products,  diflering  from  cinnamic  acid  dichloride  and  cinnamic  adddi- 
broinido.  Concentrated  sulphuric  acid  converts  the  three  unstable  (labile)  modificatioos 
intct  ordinary  cinnamic  acid. 

When  a  l)enzci)e  solution  of  allo-cinnamic  acid  is  exposed  to  sunlight  the  allo-scid 
gradually  dianj^es  to  the  ordinary  cinnamic  acid.  The  addition  of  a  trace  of  iodine  sc- 
cehirates  this  transposition  very  materially  (B.  a8,  1446). 

The  "  natural  isocinnamic  acid  "  also  changes  to  the  ordinary  cinnamic  acid  under  the 
iiitUience  of  small  (Quantities  of  iodine,  by  exposure  to  sunlight,  or  upon  boiling  and  by 
luMtin^;  with  water  to  2to®  (H.  23,  516). 

Four  polymeric  dicinnamic  acids  have  been  discovered  in  the  isomeric  truxillic  acids. 
It  is  very  prol)al)le  that  they  are  <liphenylietramethylene  dicarboxylic  acids. 

n  Amidocinnamic  Acid,  C^Mj.  CM  :  C(NII,) .  CC),II,  decomposes,  when  rapidly 
hratt'd,  at  240-250°,  with  the  prcnluction  of  phenylvinylamine.  Its  hydrochloride  is 
priKluced  upon  heating  its  benzoyl -lactimide  with  hydrochloric  acid  to  120**.  The  add 
iiscif  may  hv  lil)cratcd  from  the  hydrochloride  by  means  of  sodium  acetate  or  soda. 

M  Acetamido-cinnamic  Acid,  Cgllj .  CII :  C(NIICO .  CH,) .  CO,!!  -[  2H,0.melts, 
wliiMi  auhvilrou';,  at  l(^)°  with  <lecom|>osition.  It  is  formed  when  sodium  hydroxide  acts 
upiin  acetlactiniide.  The  amide  of  an  isomeric  (?)  a-amidocinnamic  acid,  melting  at 
i'»<)°,  results  when  ammonia  acts  u|X)n  phcnyldibrompropionic  acid  ester  or  o-brom-cin- 
namic  aciil  ester  (15.  29,  R.  795). 

CO 
«-Acetamido-cinnam-lactimide,  ^  i__>NCOCI I,,  melting  at  146®,  re- 

^ults  from  the  action  of  acetic  anhydride  u|X)n  fx-aniidophenyl-lactic  acid,  and  from  gly- 
cocoll,  benzuldehyde,  s«»dium  acetate,  and  acetic  anhydride. 

n  Bcnzoylamido-cinnam-lactimide,  ^,  ^^     ^^^ .  (l,_>N.CO.  C^II^.meltsat  165^ 

It  is  pro<Uice(l  in  the  condensation  of  hippuric  acid  and  benzaldehyde  with  acetic  anhy- 
dride and  sodium  acetate.  See  phenylpyroracemic  acid  (p.  259).  When  heated  with 
dilute  alkalies  the  lactimide  changes  to  a-bt^nzoyl-antiJo-cinnamic  acid^  which  dccom- 
|x)scs  at  275°  with  the  formation  of  phenylacetaldehydc  (A.  275,  I ;  284,  36). 

Cinnainic  Acids  substituted  in  the  benzene  nucleus  are  isomeric  with  tbe 
corre.s]x>ndinR  nionocinnamic  acid  derivatives,  having  side-chain  sulKtitutions. 

I.  Monohiiloitiiittnnmic  acids  have  l>een  made  from  the  three  nitro-cinnamic  acids  is 
startmgout  substances  (H.  16,  2040;   18,  961  ;  25,  2109). 

0-,  m-,  and  p  Chlor-cinnamic  Acids  melt  at  200®,  176®,  and  241**. 

o-  and  m-Brom -cinnamic  Acids  melt  at  2120  and  I7S°. 

0-.  m-,  and  p  lod-cinnainic  Acids  melt  at  2130,  i8i«>,  and  255°. 
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2.  Nitro-cinnamic  Acids. — The  introdaction  of  cinnamic  acid  into  nitric  acid  of 
specific  gravity  1.5  leads  to  the  formation  of  the  ortho-  (60  per  cent.)  and  para-nitro 
acids.  To  separate  them,  cover  the  acid  mixture  with  8-10  parts  of  absolute  alcohol,  and 
conduct  hydrochloric  acid  gas  rapidly  into  the  liquid,  until  complete  solution  ensues. 
On  cooling,  the  para-ester  separates.  The  pure  esters  are  saponified  with  sodium  carbon- 
ate or  wiUi  dilute  sulphuric  acid,  when  the  pure  acids  result  (A.  ai2,  122,  150 ;  221, 
265). 

The  three  isomeric  acids  can  be  prepared  from  the  corresponding  nitro-benzaldehydes 
by  means  of  the  Perkin's  reaction  : 

0-,  m-,  and  p- Nitro-cinnamic  Acids  melt  at  240^,  197°,  and  286°. 
*o-,  m-,  and  p- Nitro-cinnamic  Ethyl  Esters  melt  at  44®,  78^,  and  138^. 

Oxidation  converts  the  three  nitro-cinnamic  acids  into  the  three  nitrobenzaldehydes 
(p.  186)  and  nitrobenzoic  acids  (p.  210).  Bromine  unites  with  o-  and  p-nitrocinnamic 
acids  and  their  esters ;  see  p.  255  and  nitrophenylpropiolic  acids. 

3.  A mido- cinnamic  Acids  can  be  prepared  by  reducing  the  three  mononitrocinnamic 
acids  with  tin  and  hydrochloric  acid,  llie  reduction  is  letter  effected  with  ferrous  sul- 
phate in  an  alkaline  solution  (B.  15,  2294 ;  A.  221,  266). 

0-,  m-,  and  p-Amido-cinnamic  Acids  melt  at  158°,  181°,  and  176°.  When  the 
diazo-bodies  are  boiled  with  haloid  acids  the  haloid  cinnamic  acids,  described  above,  are 
produced;  but  when  they  are  acted  upon  with  boiling  water, the  products  are  o-,  m-,  and 
i^'Coumaric  acids  (pp.  28io,  282). 

Derivatives  of  o-Amido- cinnamic  Acid. — The  ethyl  ester  is  obtained  by  reducing 
o-nitro-cinnamic  ester  with  tin  and  hydrochloric  acid  in  alcoholic  solution  (B.  15,  1422). 
It  separates  in  fine  yellow  needles,  melting  at  77°. 

o-Ethyl  Amido-cinnamic  Acid,  ^h<5^  qh  ^^'^,  is  obtained  when  ethyl 

iodide  and  potassium  hydroxide  act  upon  o- amido-cinnamic  acid  (B.  15, 1423).  It  melts 
at  I25«. 

Benxoyl-o  amido-cinnamic  Acid,  CH. .  CO .  NH  .  C,H^ .  CH  :  CH  .  CO,H,  melt- 
ing at  192®,  results  from  the  oxidation  of  N-benzoyltetrahydroquinaldine  (B.  25,  1263). 

Carbostyril  Formation, — Free  o-amido-cinnamic  acid  differs  from  o-amidohydrocin- 
namic  acid  in  deportment,  in  that  when  heated  alone  it  does  not  give  rise  to  an  inner  an- 
hydride formation  ;  it  behaves  like  o-coumaric  acid.  The  anhydride  formation  occurs, 
however,  when  o-amidocinnamic  acid  is  heated  with  hydrochloric  acid  (B.  13,  2070),  or 
with  50  per  cent,  sulphuric  acid  (B.  18,  2395).  The  resulting  anhydride  is  carbostyril, 
discovered  in  1852  by  Chiozza,  when  he  reduced  o-nitrocinnamic  acid  with  ammonium 
sulphide.     It  can  be  viewed  both  as  a  lactime  and  a  lactam  : 


f[i]CH:CH  ^„  ([i]CH:CH 

\Jt\A  ^  ■•  I      ;  lactime  formula,  C-H.^  \  \  ,       1  _„ 

*    *l[2]NH.C0  •    M[2]N     :COH. 


Lactam  formula,  C, 

According  to  the  second  formula,  carbostyril  is  nothing  more  than  a-oxyquino1inc ; 
hence  it  will  be  discussed  later,  in  conjunction  with  quinoline.  This  will  also  be  done 
with  the  alkyl  cora(X)unds  derived  from  both  formulas. 

4.  o-Nitrosoethylamido-cinnamic  Acid,  NO  .  N(C,H5) .  C,H^CH  ;  CH .  CO,H, 
melts  at  150®,  with  decomposition.  It  is  obtained  from  o-ethyl-amido-cinnamic  acid. 
When  reduced  it  condenses  to  ethylisindazole-acetic  acid  (see  this). 

5.  o-Hydrazine-cinnamic  Acid,  NH,  .  NH  .  C,H, .  CH  :  CH  .  CO,H,  melts  at 

CH     NH 
171°,  with  decomposition  into  tndazole,  C,H^<  1      *    1       (see  this),  and  acetic  acid. 

O'Sulphohydrazine-cinnamic  acid,  SO3H  .  NH  .  NH  .  C^H^CH  :  CH  .  CO^H,  is 
formed  when  sodium  sulphite  acts  upon  the  hydrochloride  of  o-diazocinnamic  acid.  Hot 
hydrochloric  acid  breaks  it  down  into  o-hydrazine-cinnamic  acid  and  the  lactam  of  this 

acid,  C,H,{  [•j^^j^=^^^_50,  melting  at  I27<>  (A.  aai.  274). 
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6.  Sulpho-cinnamic  acids  are  produced  when  fumiDg  sulphuric  add  acts  upoo  dii- 
namic  acid  (A.  173,  8).  The  m-derivative  has  been  obtained  by  a  nucleas-synthcsis 
from  m-benzaldehyde-sulphonic  acid  (p.  187). 

Cinnamic  Acids  Substituted  both  in  the  Side-chain  and  in  the  Benune  Nucleus. — 0- 
and  /3-Nitro-o-amido-cinnamic  Acids,  melting  at  240^  and  254°,  have  been  prepared 
from  o-amido-cinnamic  acid.  a,m-Dinitro-cinnamic  Acid,  NO,[3]C,H4.  CH  :C- 
(NO,)COyII,  is  fonned  when  a  mixture  of  nitric  and  sulphuric  acids  acts  upon  m-nitro- 
cinnamic  ester  (A.  aag,  224). 

a,p-Dinitro-cinnamic  Acid,  \f- Nitrof^hefiyl-a-nitroacryOe and^hK&httn  obtained  from 
p-nitro  cinnamic  ucid  (A.  229,  224).  Also  consult  (j,p-dinitrophenyl-ethyIe|ie  (p.  267) 
and  p-amidophenylalanine  (p.  254). 

Homologous  Cinnamic  Acids. — Cinnamic  acids  containing  alkyl  groups  *in  the 
benzene  residue  are  produced  when  alkyl  ized  benzaldehydes  are  condensed  with  sodium 
acetate  and  acetic  anhydride.  The  three  tolyl  aldehydes  yield  o-,  m-,  and  ^mrtkyl-cin- 
namic  acids^  /^»o->  m-,  and  ^-tolyl  acrylic  acids^  melting  at  169®,  II5®,  and  196®. 
Cuminol  yields  \i-cumenyl-acrylic  acid,  (CIIj^jCH[4]CgH^ .  CH  :  CH .  CO,H,  melting  at 
158^.  When  the  latter  is  nitrated  it  yields  not  only  the  p-nitro-acid,  but  also  o-nitio- 
cumenylacrylic  acid,  which  manifests  the  same  reaction  transpositions  as  o-nitro-cinnamic 
acid  (IJ.  19,  255). 

a- Alkyl  substituted  cinnamic  acids  are  produced  in  the  condensation  of  benzaldehyde 
with  sodium  propionate  or  butyrate  and  acetic  anhydride  (A.  227,  57). 

a-Methyl  Cinnamic  Acid,  a-Benzal-propionic  Acid,  ft-Phenylmethactylic  Acid, 
CgH^ .  CH  :  C(CH8)C0j,II.  melting  at  78®  and  boiling  at  288®,  is  also  formed  from  benzyl 
propionic  ester  and  metallic  sodium  (see  p.  192  and  B.  20,  617).  Phenyl-angelic 
Acid,  a- Ethyl  Cinnamic  Acid^^a-Benzalnbutyric  Acid,  C^Hj .  CH  :  C(C,H5)CO,H, 
melts  at  104°  (B.  23,  978). 

Higher  u-phenyl-n-olejine  carboxylic  acids  are  produced  by  heating  the  lactone  car- 
lx)xylic  acids,  when  carbon  dioxide  is  expelled,  and  in  the  reduction  of  phenyl  diolefine 
dicarljoxylic  acids. 

Phenyl-iso-crotonic  Acid,  3-Benzal-propionic  Acid,  CJIg  .  CH  :  CH  .  CH, .  CO,H, 
melts  at  86°  and  boils  at  302°  with  partial  decomposition  into  water  and  a-naphthol.  It 
is  formed  also  by  expelling  ilO^  and  rearranging  phenylparaconic  acid,  as  well  as  from 
phenyltrimcthylcne  tricarboxylic  acid  (B.  25,  1 155)  upon  the  application  of  heat.  It 
unites  with  hydrogen  bromide,  forming  y-phenyl-y-brombutyric  acid,  which  yields  phenyl- 
butyro-lactone  with  a  soda,  solution.  Boiling  dilute  sulphuric  acid  converts  it  directly 
into  phenylbutyrolactonc  (p.  254). 

a-  and  fl-A/ethylphenyl-iso  crotonic  Acids  melt  at  lio®  and  112®  (A.  255,  262). 
Ilydrocintiamenyf  Acrylic  Acid,  C^Hj  .  CH, .  CH  :  CH  .  CH,  .  CO,H,  melting  at  31°,  is 
formed  when  sodium  amalgam  acts  upon  cinnamenyl  acrylic  acid  (p.  285).  TTie  con- 
version of  phenyl  iso  crotonic  acid  and  hydrocinnamenyl  acrylic  acid  into  isomeric  acids 
by  displacement  of  the  double  linkage,  upon  boiling  them  with  sodium  hydroxide  (A. 
283,  30f>),  is  worthy  of  note  : 

CgHg .  CH  :  CH  .  Q\\  .  CO,H >  C-H^ .  CH,  .  CH  :  CH  .  CO,H 

a/3-Phcnyl-crotonic  Acid,  ni.  p.  65°. 

Cglls  .  CH., .  CH  :  CH  .  CH, .  CO,II -^  Q^\  .  CH, .  CH, .  CH :  CH  .  CO,H 

a/3-Phen>ipropylidene  Acetic  Acid,  m.  p.  104®. 

/CO.H 
Atropic  Acid,  a-Phenylacrylic  Acid,  CjII^  .  C^  ,  melts  at  106**.     This  acid, 

structurally  isomeric  with  ordinary  cinnamic  acid,  results  from  tropic  acid  and  atrolac- 
tinic  acid  (p.  252)  when  they  are  heated  with  concentrated  hydrochloric  acid  or  with  baryta- 
water.  It  is  sparingly  soluble  in  cold  water,  easily  in  ether,  carbon  disulphide,  and 
benzene,  and  distils  with  aqueous  vapor.  Chromic  acid  oxidizes  it  to  benzoic  acid ; 
when  fused  with  caustic  alkali  it  yields  formic  and  a-toluic  acids ;  sodium  amalgam  con- 
verts it  into  hydro-atropic  acid,  and  hydrochloric  and  hydrobromic  acids  change  it  to  a- 
and  ^-halogen  hydro-atropic  acids  (p.  252). 

Protracted  fusion,  or  heating  with  water  or  hydrochloric  acid,  converts  atropic  acid 
•to  two  polymeric  isatropic  acids^  diatropic  ac^^is,^C^U^.^^.^^TQftUm^at  237®  and  206®), 
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which  bemr  the  same  relation  to  atropic  acid  that  the  truxillic  acids  sustain  to  cinnamic 
add  (B.  a8,  137). 

Methyl  Atropic  Acid,  C^H^.C^     *       ',  melts  at  135®,  and  is  obtained  from 

phenyl-acetic  acid  and  paraldehyde  by  the  action  of  acetic  anhydride  (B.  19,  R.  251). 

a-Phcnyl-allyl-acetic  Acid,  CjH^.  CH(CH,.  CH  :  CH,)COOH,  boiling  at  200°, 
has  been  obtained  from  phenyl-allyl-malonic  acid,  and  its  nUrile  from  benzyl  cyanide, 
ally!  iodide,  and  caustic  soda  (B.  29,  2601). 

7.  Oxyphenyl-oleiine  Carboxylic  Acids. 

A.  Monoxyphenyl-olefine  Carboxylic  Acids. — Formation :  They 
arc  obtained  (i)  from  the  corresponding  amidophenyl-olefine  carboxylic 
acids  upon  boiling  the  diazo-compounds  with  water  (B.  14,  479);  (2) 
by  a  nucleus* synthesis,  when  the  phenol  aldehydes  are  heated  with  the 
sodium  salts  and  anhydrides  of  the  fatty  acids  (Perkin's  reaction,  pp. 
274,  278). 

The  following  nucleus-syntheses  (v.  Pechmann)  lead  to  the  inner  anhy- 
drides or  ^-lactones  of  the  o-oxycinnamic  acids,  the  so-called  coumarins : 
(3)  the  action  of  sulphuric  acid  upon  phenol  and  malic  acid,  when  it  is 
very  probable  that  the  first  product  is  the  half-aldehyde  of  malonic  acid, 
which  condenses  with  the  phenol. 

(4)  When  sulphuric  acid  is  allowed  to  act  upon  phenol  and  acetoacetic 
ester  or  mono-alkyl  acetoacetic  esters : 

f  H  -f  CO,H .  CH(OH) .  CH-  f  [ilCH  :  CH 

<*>  ^•"'toiiiZZSMico  ^^  *two. .CO 


coumann. 


The  first  members  of  this  series  arc  the  monoxy-cinnamic  acids, 
obtained  by  method  i  from  the  three  amido-cinnamic  acids.  o-Oxy- 
cinnamic  acid  or  o-coumaric  acid  particularly  is  especially  important. 
The  ^-lactone  coumarin  corresponds  to  it.  When  coumarin  is  acted  upon 
with  bases,  salts  are  formed  which  are  isomeric  with  the  o-coumarates. 
Isomeric  dialkyl  ethers  are  obtained  from  these  isomeric  salts. 

The  salts  and  ethers  of  coumarin  are  also  designated  as  a-coumarates,  and  those  of 
o-coumaric  acid  as  the  /3-coumarates — salts  and  ethers,  llie  cause  of  this  isomerism  is 
very  probably  dependent  upon  the  fact  tliat  the  lactone  ring  is  still  present  in  the  salts 
and  ethers  of  conmaric  acid. 

....      ^„  (CH:CH.CO,H      ^                            ^^fCHrCH 
o-Coumanc  Acid,     ^^il^tr  Coumann  C^H^-j^ 1 

DhDethyl  Ether  of  ^„  f  CH :  CH.CO,CH,    Dimethyl  Ether     ^  r,  i^H  :  CH 
o-Conmaric  Add,     ^    *(O.CH  of  Coumarinic  Acid,    •    *  (o_(!;(oCHj),. 


When  the  hydrogen  atom  in  coumarin,  occupying  the  o-position  with  reference  to 
lenol-oz 
from  the] 


phenol -ozygeo,  is  replaced  by  the  nitro-group,/r^^  nitrocoumarinic  acid  may  be  liberated 
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This  acid  is  distinguished  from  free  j-nitro-coumaric  acid  in  that  by  the  exit  of  witer 
it  reverts  to  3-nitrocoamarin.     Both  acids  have  correspondiDg  dialkyi  esters: 

3-Nitrocouina-  j^q  r-nr  H  /  ^^^  *  CH.CO,H  j-Nitroconma-^Q  r^i(;«  H  -I  *  r 


ric 


^°rdrNO.[3]C^H,{a^=CH.CO.H^NHj^^„..j,^^^^^ 


The  cause  of  the  difference  in  the  ethers  of  o-coumaric  and  coumarinic  acids  when- 
ever their  structure  was  similar,  has  also  been  attributed  to  the  different  position  of  the 
atom  groups  in  space : 

HC.COjR        o-Coumaric  HC.  CO,R  Coumarinic 

n  Dimethyl  Ether  I  Dimethyl  Elher 

RO .  CjH^ .  CH         (axial ly-symmetric)        ^^^  •  ^§^4  •  ^^   (plane-symmetric). 

This  latter  hypothesis,  however,  does  not  explain  the  varying  deportment  of  the  iso- 
meric dimethyl  ethers  of  3-nitro-coumaric  acid  and  3-nitrorCoumarinic  acid.  When 
3-nitro-coumaric  dimethyl  ether  is  saponified  with  a  sodasolution  the  methyl  ether-acid  re- 
buhs ;  whereas  3-nitro-coumarinic  dimethyl  ether,  under  like  treatment,  yields  3-nitro-cott- 
marinic  acid.  If  the  difTerence,  with  similar  linkage  relations,  of  the  isomeric  dimethyl 
ethers  were  solely  due  to  spacial  arrangement,  then  the  varying  behavior  of  the  o-nllro- 
coumarinic  dimethyl  ester  could  lie  neither  anticipated  nor  explained  ;  whereas  it  wooki 
be  obvious  if  the  o-nitro-coumarinic  dimethyl  ester  were  regarded  as  a  kind  of  cariwnic 
acid  ester  (A.  254,  181) : 

rCII:CII                                               rCH:CH 
»LJJ   6    %l^ C(OCHj),  '^    'lO C(OII),. 

C(^uiiiarin,  its  homologues  and  derivatives,  will  be  arranged  and  treated  as  a  group 
after  o  cuuinaric  acid. 

o-Oxycinnamic  Acid,  o-Coumaric  Acid,  HO[2]C6H4CH:  CH.- 
C()..H,  mclling  at  208°,  and  isomeric  with  hydrocoiimarilic  acid,  phenyl- 
pyroraccinic  acid,  etc.,  occurs  in  Melilotus  officinalis^  together  with 
o  hydro-couinaric  acid,  and  in  the  leaves  of  Angrecum  fragans.  Nitrous 
acid  converts  o-amido-cinnamic  acid  into  coumaric  acid.  It  is  most 
readily  prepared  by  boiling  coumarin  for  some  time  with  concentrated 
potassium  hydroxide,  or,  better,  with  sodium  ethylate  (B.  18,  R.  28;  22, 
1 714).  Its  acetyl  derivative  is  obtained  from  salicylic  aldehyde  and 
sodium  acetate. 

Ortho-coumaric  acid  is  very  easily  soluble  in  hot  water  and  in  alcohol. 
It  docs  not  volatilize  with  steam.  The  free  coumaric  acid  heated  alone 
does  not  yield  coumarin,  but  only  when  treated  with  acetic  chloride  or 
anhydride.  Sodium  amalgam  converts  it  into  melilotic  acid,  and  fusion 
with  potassium  hydroxide  into  salicylic  and  acetic  acids. 

2-Methoxy-cinnamic  Acid  (/?),  CnsO[2]C,HJi]CH  :  CH  .  CO,H,  melting  at 
182°,  is  i)roduced  by  the  action  of  sodium  acetate  and  acetic  anhydride  upon  salicylalde- 
hyde  methyl  ether,  and  by  the  rearrangement  of  methyl  coumarinic  acid  (see  this). 
Sodium  amalgam  reduces  it  to  melilotic  acid  methyl  ether,  while  bromine  changes  it  to 
methyl-ether-clibrom-melilotic  acid.  o-Coumaric  Dimethyl  Ether  0^),  CH,0[2]C^- 
IIJlJCH  :  CH  .  CO.CHj,,  boiling  at  293®,  is  obtained  from  the  previously  described  acid 
chlonde  by  means  of  methyl  alcohol.     Acet-o-coumaric  Acid,  CH, .  CO .  0\2\QJl{^.' 
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CH  :  CH  .CO,H,  melting  at  149®,  is  obtained  from  salicylaldebyde,  acetic  anhydride, 
and  sodiam  acetate  (B.  20,  284) ;  see  coumarin. 

3-Nitro-coumaric  Acid  (^),  NO,[3]C,H,[2](OH)CH :  CH.CO,H,  is  formed  by 
the  protracted  heating  of  the  dimethyl  ether  with  sodium  hydroxide.  It  suffers  no 
change  when  heated  with  water,  alcohol,  or  hydrogen  bromide  (distinction  from  3-nitro- 
coumarinic  acid).  The  methyl  ether -acid ^  melting  at  193**,  is  formed  from  3nitro-sa]icyl- 
aldehyde  methyl  ether,  and  from  the  dimethyl  ether ^  melting  at  88^,  by  the  action  of 
soda  (see  above).  This  latter  ether  is  produced  when  methyl  iodide  acts  upon  the  silver 
salt  of  the  methyl  ether-acid  (B.  22,  17 10). 

(  [ilCH  :  CH 
Coumarin,  CjH^  j  ^  -^         J,^>  melting  at  67®  and  boiling  at  290®, 

occurs  in  Asperula  odoratdy  in  the  Tonka  beans  (from  Dipterix  odorala), 
and  in  Melilotus  officinalis.  It  is  artificially  prepared  by  heating  aceto- 
o  coumaric  acid  (B.  10,  287),  the  reaction-product,  resulting  from  acetic 
anhydride  and  sodium  salicylaldehyde  (A.  147,  230),  or  from  the  action 
of  acetic  anhydride  and  sodium  acetate  upon  salicylaldehyde  (Perkin, 
Sr.,  B.  8,  1599).  It  has  the  agreeable  odor  of  Asperula,  and  is  applied 
in  perfumery  for  the  preparation  of  the  Asperula  essence. 

Coumarin  dissolves  rather  easily  in  hot  water,  and  very  readily  in  alcohol  and  in  ether. 
It  dissolves  in  caustic  potash  with  a  yellow  color,  the  first  product  being  potassium 
coumarinate,  from  which  carbon  dioxide  separates  coumarin.  Boiling,  concentrated 
caustic  potash  changes  it  to  potassium  coumarate.  In  aciueous  solution  it  is  reduced  by 
sodium  amalgam  to  melilotic  acid  (p.  226).  When  it  is  digested  with  an  aqueous-alco- 
holic solution  of  potassium  cyanide,  hydrocyanic  acid  is  added,  and  upon  subsequent 
saponification  o-oxyphenylsuccinic  acid  is  formed  (A.  293,  366). 

Coumarin  Monomethyl  Ester-acid,  melting  at  88°,  and  Coumarinic  Dimethyl 
Ester,  boiling  at  275°  (Constitution,  p.  280),  result  when  sodium  coumarin  is  heated 
to  150°  with  methyl  iodide.  When  heated  both  compounds  change  to  the  corresponding 
o-coumaric  acid  derivatives.  The  methyl  ether-acid  when  exposed  in  alcoholic  solution 
to  sunlight  also  passes  into  the  isomeric  2-methoxy-cinnamic  acid.  Coumaroxime, 
melting  at  131°  (B.  19, 1662),  is  produced  when  hydroxytamine  acts  upon  thiocoumarin. 

Coumarin  Bromide,  CgFLO^Br,,  melting  at  105°,  is  produced  when  bromine  acts 
upon  coumarin  in  carbon  disulphide  solution.     Alcoholic  potash  converts  it  into  a-brom- 

r[i]CH:CBr 
coumarin,  C^H^  <  1     .     Boiling  alcoholic  potash  changes  both  of  these  bodies 

r[i]CH:CH 
into  coumarilic  acid  (see  this).     Thio-coumarin,  C,H4  -{  ^  ,^       !,«  » melting  at  loi®, 

consists  of  golden-yellow  needles.  It  is  obtained  from  coumarin  or  o-coumaric  acid 
by  the  action  of  P,Sc  (B.  19,  1661). 

rfilCHrCH 
3-Nitro-coumarinic  Acid,  NO,[3]C,ll3  \  ^  ^^      }-ic\\j\  (^)»  ™c^ts  when  rapidly 

heated,  with  the  exit  of  water,  at  150°,  and  passes  on  gentle  warming  with  water  or  alco- 
hol into  the  anhydride  ynitro-coumarin^  from  which  it  is  obtained  upon  boiling  with 
soda.     It  forms  long,  yellow  prisms.     The  silver  salt  and  methyl  iodide  yield  ynitrocou- 

marinic    dimethyl  ether^   NO,[3]C,lI,{  '  1  ^^„  .     (?)  (Constitution,  see  p. 

I  [2 jO C(OCHj), 

280). 

Coumarin  Homologues. — Following  method  2,  and  using  propionic,  butyric  and 
isovalerianic  anhydrides,  with  their  sodium  salts,  the  products  are  a-alkyl  coumarins. 
The  P-alkyl  coumarims  are  produced  from  phenols,  acetoacetic  ester,  and  sulphuric  acid 
(B.  17,  2188)  by  method  4  (p.  279).  P^Sj  converts  the  a-alkyl  coumarins  into  a-alkyl 
thio-coumarins  (p.  281),  which  hydroxylamine  changes  lo  a-«UiL^\  cni^xEAxvck  <»1\gb«»» 
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(p.  281)  (B.  24,  3459).    The  melting  points  of  the  latter  are  given  with  those  of  the 
u-alkyl  coumarins : 

M.P. 

{CH:C(CH,) 
I         •'  90»  (Th.  I22«;  Ox.  166°). 


^       (C(CH,):C] 
^•Methyl  Coumarin,  .  ^•^^*io S 


C(CH,):CH 

to 


12$® 


{CH:C(CH.) 
o-io  ^'**  ^'^'  93^01.  isn 

fC(CIL):CH 
^fl-Dimethyl Caumarin,  CH,.[4]CeH,-|    '       "  1  1480. 

(CH:C.Cn(CH,), 
ahopropyl  Coumarin^  QJAA         i  "'      54®  (Th.    Si®;  Ox.  171°). 

Dimethylamido-/}-inethyl  Coumarin,  melting  at  143^,  is  obtained  from  dimethjl- 
amidophenol  and  acetoacetic  ester  (B.  30,  277). 

m-Coumaric  Acid,  IIO[3]C,Hf .  CH  :  CH  .  CO,H,  melting  at  191^,  has  been  fonned 
from  m-amido-cinnamic  acid  and  from  m-oxybenzaldehyde  (B.  15,  2049,  2297). 

Nitre -m-coumaric  Acida,  see  B.  aa,  292. 

GAmido-mcoumaric  Acid  has  been  obtained  electrolytically  from  o-nitro-cin- 
namic  acid  (B.  27,  1936). 

p-Coumaric  Acid,  H0[4]C,H^  .  CH :  CH  .  CO,H,  melting  at  206®,  is  obtained  from 
]>-ami(locinnaii)ic  acid,  and  from  p-oxybenzaldehyde ;  also  on  boiling  the  extract  of  aloes 
will)  sulphuric  acid  (rreparation,  B.  20, 2528),  and  by  the  decomposition  of  the  glucoside 
naringine  (;»ee  tliis). 

Methyl  {vcoumaric  Acid,  from  anisic  aldehyde,  melts  at  154^.  The  phenol  alkyl- 
eiliersof  tiie  coumaric  acids  yield  ethers  of  unsaturated  phenols  (see  o-  and  p-vinyl-anisol, 
|)  266),  just  as  styrolene  is  obtained  from  )[)-bromhydrocinnamic  acid,  by  the  action 
of  hydrogen  bromide,  and  then  a  soda  solution,  when  carbon  dioxide  is  eliminated. 

^  p  Methoxyphenylmethacrylic  Acid,  QMjd\ji^Y^JA^  ,  CH  :  C(CH,)  .  COOH, 
melting  at  154°,  is  obtained  from  anisic  aldehyde  and  propionic  acid.  It  breaks  down, 
wlien  heated,  into  carbon  dioxide  and  anethol  (p.  269). 

B.  Dioxyphenyl-olefine  Carboxylic  Acids. — Caffeic  acid,  or 
3,4-(Jioxycinnamic  acid,  corresponding  to  protocatechuic  acid  (p.  227), 
and  umbellic  acid,  or  2,4-dioxycinnamic  acid,  are  the  most  important  of 
the  known  dioxycinnamic  acids,  because  they  themselves,  or  their  simple 
derivatives,  occur  in  plants  or  appear  as  decomposition  products  of  vege- 
table substances,  and  3-methyl  caffeic  acid,  or  ferulic  acid,  can  be  changed 
to  the  valuable  vanillin  (p.  219). 

Caffeic  Acid,  d-y-^y^-Pioxypkenylacrylu  Acidy  "^^-Dioxycinnamic  Acid^  and  its 
methyl-  and  methylene  ether-acids,  when  reduced,  become  hydrocaffeic  acid  and  its  ether- 
acids  (p.  242).  Oxidation  yields  protocatechuic  acid  and  its  ethers.  When  the  acel- 
derivatives  of  the  two  methyl  caffefc  acids  are  oxidized  with  potassium  permanganate  the 
first  products  are  the  acet-derivatives  of  the  two  methyl-ether  protocatechuic  aldehydes. 
The  caffeic  acids  and  their  ether-acids  can  be  synthesized  from  protocatechuic  aldehyde 
and  its  ethers  with  the  aid  of  the  Perkin  reaction  (p.  274).  When  fused  with  caustic 
potash  caffeic  acid  and  its  ether-acids  yield  protocatechuic  acid  and  acetic  acid : 

f  [ilCH  :  CH  .  COjII  r  [i]CH  :  CH  .  CO.H  f  [ilCH  :  CH  .  CO.H 

C'eH,  ]  ;3lOH  C.H,  \  hloCII,  C,H, ]  hJoH 

IWOH  it4]OH  ([4I0CH, 

Caflleic  Acid,  m.  p.  213°  Ferulic  Acid,  m.  p.  165P  IsoferuRc  Acid,  m.  p.  228° 

(yields  Vauillin)  (yields  Isovanillin). 


caffeTc  acid.  2S^ 

Caffeic  acid  is  produced  when  coffee  tannic  acid  is  boiled  wiih  potassium  hydroxide. 
It  occurs  in  Cicuta  virosa  (B.  17,  1922).  Ferric  chloride  produces  a  green  coloration  in 
its  solutions,  which  sodium  carbonate  changes  to  a  dark  red  color. 

Perulic  Acid,  m-Methoxy'^'Oxydnnamic  AciJ,  occurs  in  the  resin  of  Asafactida,  and 
has  been  obtained  from  vamllin,  as  well  as  from  m-methoxy-p-nitro-cinnamic  acid,  the 
prodoct  resulting  from  the  action  of  nitric  acid  upon  m-methoxycinnamic  acid  ether  (B. 
18,  R.  682^.     Its  tuet'compound  melts  at  196^. 

*  Isofenilic  Acid,  m-Oxy-^-meihoxycinnamic  Add^  Hesperitinic  Add,  was  first 
obtained  from  the  glucoside  hesperidine  (see  thisV  Both  methyl  ethers  can  also  be  pre- 
pared by  a  partial  methylation  of  cafTelc  acid,  when  the  chief  product  will  be  isofenilic 
acid.     Its  acet'derivatvue  melts  at  199°. 

Dimethyl  Cafifeic  Acid,  (CH,0),[3^]CjH, .  CH :  CH  .  CO,H,  melts  at  iSi^  (B.  14, 

959). 

Piperonyl  Acrylic  Acid,  (CH,0,)[34]C,H,.  CH  :  CH .  CO,H,  melts  at  232®  (B. 

«3.  757). 

Diacetcaflfidc  Acid,  (CH,CO,),[3,4]C,H, .  CH :  CH .  CO,H,  melts  at  190*  (B.  ix, 
686). 

a-Homo-caCfeic  Acid,  3,4-Dioxy-a-methyl  Cinnamic  Acid,  melts  at  193^.  Its 
monomethyl  ether-acid,  Homofenilic  Acid,  (CH,0)(OH)[3,4]C,H,.CH  :C(CH8)  .- 
COOH,  melting  at  168°,  yields  isoeugenol  when  it  is  heated  with  lime  (p.  270)  (B.  15, 
2063). 

ii-HydropipcricAcid,  (CH,0,)[3,4]C,H,CH,.CH:CH.CH,.CO,H,  melting  at 
78^,  is  formed  when  sodium  amalgam  acts  upon  piperic  acid.  When  boiled  with  caustic 
ioda  it  changes  to  /?-Hydropipcric  Acid,  (CH,0,)[3,4]C,H, .  CH,.  CH, .  CH  : CH  .  - 
CO.H,  melting  at  131^.  Sodium  amalgam  converts  the  /3-acid  into  plperhydronic  add, 
(C!lLO,)r3,4]C.H,[CH,],CO,H,  melting  at  98**. 

UmbeUic  Acid,  ZA-Dioxydnnamu  Add,  (HO),[2,4]C,H,.CH:CH .  CO,H,  de- 
oonqxMes  about  240°.     It  is  produced  on  boiling — 

Umbelliferone,  \-Oxycoutnarin,^0\A^CJA^Y_  \         h(  ^  melting  at  240®,  with 

canstic  soda.  It  is  found  in  the  bark  of  Daphne  meureum,  and  is  obtained  by  distilling 
different  resins,  such  as  galbanum  and  asafoetida.  It  is  obtained  synthetically  from 
/7-resorcyI  aldehyde  by  method  2 ;  and  also  by  the  condensation  of  resorcinol  with  malic 
acid  according  to  method  3.  It  has  an  odor  resembling  that  of  coumarin,  and  behaves 
similarly  with  caustic  potash.  Its  alkyl  ethers  show  isomeric  phenomena  analogous  to 
those  developed  under  o-coumaric  acid  and  coumarin  (p.  281)  (B.  19,  1778). 
/3-Methyl  Umbelliferone,  ^-Oxy-^-methylcoumarin,  Resocyanine, 

{filCrCH  ^  •  CH 
i^V___' /ti  '  ™*^^*°8  **  ^^S*** "  formed  when  sulphuric  acid  acts  upon 

resorcinol  and  acetoacetic  ester  or  acetylcyanacetic  ester  (B.  26,  R.  314).  See  resaceto- 
phenone  p.  221.    a-,/9-Dimethyl  Umbelliferone  melts  at  256°  (B.  16,  2127). 

The  corresponding  bodies  have  been  prepared  from  orcinol  according  to  methods  3 
and  4  (p.  279)  (B.  «7»  1649,  2188). 

3-Oxycoumarin,  melting  at  280-285^  with  decomposition,  and  5-Oxycoumarin, 
melting  at  249^,  are  produced  when  pyrocatechol  and  hydroquinone  are  treated  with 
malic  acid  and  sulphuric  acid  (B.  z8,  R.  333). 

C.  Triozycinnamic  Acids. — Inner  anhydrides,  d-lactones  of  trioxycinnamic  acids, 
are  Daphnetin,  '^,\-Dioxy coumarin^  melting  at  255**,  and  ^sculetin,  ^^^Dioxycouma- 
rm,  the  aromatic  decomposition  products  of  the  isomeric  glucosides  daphnin  and  sesculin. 
yEscnletinic  and  daphnetic  acids  are  the  trioxycinnamic  acids  corresponding  to  these 
dioxycoomarins.  They  are  only  known  as  ether-acids  and  ether-esters.  Potassium 
peraianganate  oxidizes  the  triethyl  ethers  to  triethoxybenzoic  acids,  which  become  tri- 
ethoxyl^zenes  through  the  loss  of  carbon  dioxide  (B.  15,  2082 ;  17,  1086;  20,  1119). 

D.  Tetm-ozycinnamic  Acids. — Fraxetin,  melting  at  227^,  the  aromatic  decompo- 
sitioQ  product  of  the  glucoside  of  fraxin  (see  this),  contains  the  monomethyl  ether  of 
a  triozycoamarin.  Isomerides  of  fraxetin  have  been  prepared  synthetically  (B.  27,  R. 
130;  29,  R.  293)- 
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8.  Phenylacetylene  Carbozylic  Adds. 

Phenyl-propiolic  acid,  corresponding  to  propiolic  acid,  is  important 
because  of  its  intimate  connection  with  indigo  and  isatine. 

Phenyl-propiolic  Acid,  QH^.C  :C.COiH,  melting  at  136^,  is 
obtained  by  boiling  a-  and  /S-brom-cinnamic  acids  with  alcoholic  potash, 
by  acting  upon  sodium  phenyl-acetylene  with  carbon  dioxide  (1870, 
Glaser,  A.  154,  140),  and  when  the  latter  and  sodium  act  upon  a»-brom- 
styrolene.  It  is  prepared  by  boiling  the  dibromide  of  ethyl  cinnamate 
(p.  255)  with  alcoholic  potash.  When  heated  to  120®  with  water  it 
decomposes  into  carbon  dioxide  and  phenyl  acetylene.  It  yields  hydro- 
cinnamic  acid  with  sodium  amalgam.  Zinc-dust  and  glacial  acetic  acid, 
or  sodium  and  methyl  alcohol,  convert  it  into  cinnamic  acid  (B.  aa, 
1181). 

Hydrogen  chloride  and  bromide  convert  it  into  /9-haloid-  and  allo-/5- 
haloid  cinnamic  acids  (p.  276).  It  combines  with  the  halogens  to  phenyl- 
dihaloid  acrylic  acids,  with  hydrazine  and  phenylhydrazine  to  jphenyl- 
pyrazolon  (see  this)  and  1,3-diphenylpyrazolon  (B.  27,  783),  and  with 
sodium  malonic  ester  to  a  tricarboxylic  ester,  which  splits  off  carbon 
dioxide  and  becomes  phenylglutaconic  acid  (p.  289)  (B.  27,  R.  163). 

Ethyl  Phenylpropiolic  Ester,  CeHj.  C  j  C .  COjQHs,  boiling  at 
260-270°,  readily  absorbs  water  and  becomes  benzoyl  acetic  ester  (p.  259). 
Its  chloride  boils  at  131°  (25  mm.).  Its  amide  melts  at  102®  (B.  25, 
3537  ;  29,  R.  795)- 

o-Nitro-phcnyl  Propiolic  Acid  decomposes  at  156®.  It  is  obtained  when  alcoholic 
jwt.ish  acts  upon  the  dibromide  of  o-nitro-cinnamic  acid  (Baeyer,  A.  212,  140).  When 
[niiled  with  water  it  decomposes  into  carbon  dioxide  and  o-nitro-phenyl  acetylene. 
When  Ixiiled  with  alkalies  it  yields  isatin. 

It  dissolves  in  concentrated  sulphuric  acid,  with  conversion  into  the  isomeric  isat<h 
gfnic  acid,  which  at  once  forms  carbon  dioxide  and  isatin.  Its  sih>er  salt  explodes  with 
great  violence  when  it  is  heated. 

If  digested  with  alkaline  reducing  agents  (grape-sugar  and  potassium 
hydroxide,  ferrous  sulphate,  hydrogen  sulphide,  potassium  xanthate)  // 
readily  changes  to  indigo  blue  (Baeyer,  1880  ;  B.  13,  2259). 

Despite  its  comparatively  high  price,  therefore,  nitrophenyl  propiolic 
acid  is  prepared  technically,  and  serves  as  a  substitute  for  natural  indigo, 
especially  in  calico  printing. 

The  ethyl  ester  of  the  acid  is  obtained  by  conducting  hydrochloric  acid  gas  into  the 
mixture  of  the  acid  and  alcohol.  It  melts  at  60-61°.  When  it  is  dissolved  in  sul- 
phuric acid  it  changes  to  the  isomeric  isatogenic  ester.  Ammonium  sulphide  reduces  it 
to  the  indoxylic  ester  (B.  14,  1741) : 

C  H  iCOCO  C.cO,C,Hs  ([i]C  i  C.CO,C,H.  |t']C(OH)\ 

Isatogenic  Ester  o-Nitrophenyipropiolic  Ethyl  Ester  Indoxylic  Ester. 

^-Nitro-phenyl  Propiolic  Acid,  melting  at  198®,  is  formed  from  the  p-nitro-cinnamic 
ester  after  the  same  manner  as  the  ortho-acid.  When  boiled  with  water  it  breaks  up  into 
carbon  dioxide  and  p-nitrophenylacetylene.  It  yields  p-nitroacetophenone  if  digested 
at  100®  with  sulphuric  acid. 

The  ethyl  ester ^  melting  at  126°,  when  digested  with  sulphuric  acid  at  35®,  forms  p- 
nitrobenzoyl  acetic  acid  (p.  260). 
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o-Amido-phenyl  Propiolic  Acid  melts  at  129®  with  decomposition 
into  CO,  and  o-amido-phenyl  acetylene  (p.  268).  It  is  obtained  by  re- 
ducing o-nitrophenyl  propiolic  acid  with  ferrous  sulphate  and  ammonia 
(B.  16,  679).  It  separates  as  a  yellow,  crystalline  powder.  When  boiled 
with  water  it  yields  o-amido-acetophenone  (p.  190). 

y-Chlorcarbostyril  results  when  the  acid  is  boiled  with  hydrochloric  acid,  and  y-oxy- 
carbostyril  upon  heating  it  with  sulphuric  acid  (B.  15,  2147) : 

(Ca  :CH        „.,,j.+  Ha  ([l]CKC.CO,H  fC(OH):CH 

Sodiom  nitrite  converts  the  hydrochloride  into  the  diazo-chloride,  which  at  70^  yields 
dnnolinie-oxy-carboxylic  acid. 

m-llethylphenyl   Propiolic  Acid,  CHj[3]C,H^C  •  C .  CO,H,  melts  at  109®  (B. 

90,  I2I5). 

9.  Phenyldiolefine  Carboxylic  Acids  have  been  prepared  from  cinnamic  aldehyde 
by  means  of  the  Perkin  reaction  (p.  274).  Cinnamenyl  Acrylic  Acid,  C^H^ .  CH  :  - 
CH  .  CH :  CH  .  CO,H,  melts  at  165 *».  The  m'^n'/g,  boiling  at  285**,  is  obtained  from 
cinnamenyl  cyanacrylic  acid  (p.  289).  The  o-  and  p-  nitro-acids,  melting  at  217®  and 
271®,  were  obtained  from  o-  and  p-nitrocinnamenyl  acetone  (p.  273)  by  the  action  of 
NaClO  (A.  253,  356).  The  o-amit/o-acit/  melts  with  decomposition  at  176°  (B.  z8, 
2332).  Cinnamenyl  Crotonic  Acid  and  Cinnamenyl  Angelic  Acid  melt  at  157°  and 
1260. 

Piperic  Acid,  3,4-Methylenedioxy-cinnamenyl  Acrylic  Acid,  (CH,0,)[3,4]C,H3.  - 
CH :  CH  .  CH  :  CH  .  CO,H,  melting  at  217®,  is  produced,  together  with  piperidine,  when 
piperine  is  boiled  with  alcoholic  potassium  hydroxide.  It  can  be  synthesized  by  aid  of 
the  Perkin  reaction  from  piperonylacroletn,  and  from  piperonylene  malonic  acid  (p.  289) 
(B.  28,  1190).  Sodium  amalgam  converts  it  into  two  isomeric  hydropiperic  acids, 
a  and  /i.  It  combines  with  four  atoms  of  bromine.  It  is  oxidized  in  dilute  solution 
by  potassium  permanganate,  at  0°,  to  piperonal  and  racemic  acid  (B.  23,  2372).  When 
fused  with  potassium  hydroxide  it  breaks  down  into  acetic,  oxalic,  and  protocatechuic 
acids.     Its  chloride  and  piperidine  form  piperine  (see  this). 

History. — Fittig  and  Mielck  (1S74)  determined  the  constitution  of  piperic  acid. 
Ladenburg  and  Scholtz  (1894)  effected  its  synthesis  (B.  27,  2958). 

a-Methyl-  and  a-Ethyl  Piperic  Acids,  melting  at  208^  and  179®,  were  synthesized 
just  like  piperic  acid  (B.  28,  1187). 


IV.  COMPOUNDS  WHICH  MAY  BE  VIEWED  AS  OXIDATION  PRODUCTS  OP 
MONO-NUCLEUS,  AROMATIC  POLYALCOHOLS  WITH  UNSATURATED  SIDE. 
CHAINS. 

The  domain  of  the  aromatic  polyalcohols  having  unsaturated  side-chains  has  been  even 
less  completely  and  even  more  irregularly  developed  than  that  of  the  polyhydric,  aromatic 
parafBn  alcohols  and  their  oxidation  products.  At  present  the  alcohols  and  aldehydes 
arc  wholly  lacking;  from  them  Ihe  carboxylic  acids  and  their  derivatives  belonging  here 
can  be  theoretically  deduced.  Consequently  the  material  in  this  section  will  not  be  sharply 
differentiated,  although  in  the  main  the  classification  is  the  same  as  that  observed  with  the 
oxidation  products  of  the  aromatic  polyparaflin  alcohols  (pp.  232-266). 

I.  Phenylene  OxyoUfine  Carboxylic  Acids. — Methylene  phthalide  and  isocoumarin 
are  inner  anhydrides  or  lactones  of  the  possible  o- vinyl  alcohol  benzoic  acids,  not  known 
in  a  free  state.     Coumarin  is  isomeric  with  them. 

r[i]C  =  CH, 
Melhylene  Phthalide,  CM.  {         \  ,  melting  at  59°,  is  formed  in  the  distil- 

l[2]COO 
latioQ  of  phthalyl  acetic  acid  (p.  290).     Its  dihromide  melts  at  98^.     ^<7iM6rom-iiu(ky(- 
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f  [l]C  =  CHBr 
ffif  phthaiUe,  QH.  \  \  ,  is  produced  by  the  Action  of  bromine  upon  O4ceto- 

i  [2]CO.O 

f[l]C  =  CCl, 
phenone-carboxylic  acid.     Dichlor-methylene  pkikaHde,  C^H^  <  \  ,  melts  at 

l[2]COO 

fca.cci, 

128^.  It  is  formed,  together  with  Tetraehlormethyl pkthalide^  ^^ii    \  ,  melting 

ICXX) 
at  93^,  upon  conducting  chlorine  into  a  mixture  of  glacial  acetic  acid  and  phthalyl 
chlor-acrtic  acid  (A.  155,  383 ;  268,   294).     Derivatives  of  methylene  pkikalimtidine, 
r[i]C  =  CH, 

^^  ^4  \ '     *  ^^^^  ^^^^  prepared  by  the  action  of  amines  and  amin-acids  upon  o- 

lr2]C0.NR 

f  [i]C=CH.CH, 
acetophenone  carboxylic  acid  (B.  39, 2518).  Etkidene phikaiide,  C^H^  \  \  , 

l[2]COO 
melts  at  64®  (B.  19,  838). 

Propidene-  and  hobutylidene  Phthalides,  boiling  at  170^  (l2  mm.)  and  melting  at 
()7°,  are  obtained  by  condensing  phthalic  anhydride  with  the  sodium  salts  and  anhy- 
drides of  propionic,  butyric,  and  isovaleric  acids.  Water  and  carbon  dioxide  are  elimi- 
nated ( B.  29,  1436). 

Isocoumarin,  C,H^  I  r  -i^i-i      ix    »  melting  at  47®  and  boiling  at  285**,  is  formed 
i.  [2jCO — O 
in  the  distillation  of  silver  isocoumarin -carboxylate.     It  readily  volatilizes  with  steam. 
When  digested  with  soda  it  becomes — 

Anhydro  o  oxyvinyl  Benzoic  Acid,  0(CH:CH[2]CgH4.  CO,H)„  melting  at 
iS  ^°.  When  this  Ixxly  is  heated  with  hydrochloric  acid  to  160°  the  anhydride^  0(CH  :  - 
('n[2]CgH^.COy),  melting  at  234°,  results.  The  imidi,  0(CH :  CH[2]C,H^CO),- 
Nil,  melting  at  285°,  is  produced  when  alcoholic  ammonia  acts  upon  the  anhydride  at 
170°  (1).  27,  207). 

Isocarbostyril,  C,H^«|  1      ,  melting  at  208®,  b  isomeric  with  carbostyril 

(p.  277),  the  lactam  corresponding  to  isocoumarin.  It  is  formed  when  isocoumarin  is 
heated  to  130°  with  alcoholic  ammonia,  and  upon  heating  isocarbostyril -carboxylic  acid 
([).  290)  or  its  silver  salt.     It  yields  isoquinoline  when  distilled  with  zinc-dust  (B.  27, 

20vS). 

fri]CH  =  C.CH. 
3-Methyl-isocoumarin,  CJI^-s  1  ,  meltmg  at  118°,  is  formed  when 

( [2100  —  O 

r[i]C  =  C(0,CCIl3)CH, 
i^diacetylcyanbenzylcyanide^  C-H.  J  \  ,  melting;  at  135®,  is  heated 

\  [2]CN  CN 
to  180°  with  hydrochloric  acid.     This  latter  body  results  from  the  action  of  sodium 
acetate  and  acetic  anhydride  upon  o-cyanbenzyl  cyanide  (B.  27,  831).     Similarly  o-cyan- 
heiizyl  cyanide  furnishes  an  additional  series  of  homologuesof  isocoumarin,  all  of  which 
nre  characterized  by  their  ready  transposition  into  isocarbostyrils  (see  B.  29,  2543,  etc.). 

Ammonia  converts  3-methyl-isocoumarin  into  the  corresponding  yAfethylii<Karbo- 
^tyril,  melting  at  211°  (B.  25,  3563). 

Bergapten,  ^"  ="  ^^^  \  CjH(0CIl3)|^^  ^  ^"  (?),  melUng  at  I88^  appears  to 

be  a  derivative  of  oxyvinylcoumarin.  It  separates,  on  standing,  from  red  bergamot  oil, 
which  is  obtained  by  pressing  out  the  fresh  hulls  of  Citrus  Bergamia  Risso  (B.  26,  R. 
234). 

2.  Phenylefie  AUfhydo-carboxylic  /^^i</f.— p-Aldehydo-cinnamic  Acid,  CHO- 
[4]CgH4 .  CII :  ClI .  COjII,  melting  at  247®,  is  obtained  from  terephthal- aldehyde  by 
the  Perkin  reaction  (p.  274)  (A.  231,  375). 

3.  Phenyline  Dicarboxylic  Acids.  — o  Cinnamyl  Carbozylic  Acid,  CO,H[2]C^H4 .- 
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CII :  CH .  CO,H,  melts  at  174**,  and  reverts  again  to  phthalidacetic  acid.  It  is  produced 
when  phthalidacetic  acid  is  digested  with  alkalies  and  by  carefully  oxidizing  ^-naphthol 
with  potassium  permanganate  (B.  2Z,  R.  654).  More  energetic  oxidation  produces  car- 
bophenyl  glyoxylic  acid  (p.  265). 

o-Cyan-cinnamic  Acid,  CN[2]C,H4CH :  CH  .  CO,H,  melting  at  252®,  is  pro- 
duced when  sodium  acetate  and  acetic  anhydride  act  upon  a-cyan&nzal  chloride,  and 
also  from  o-amido-cinnamic  acid  (B.  24,  2574;  27,  R.  262). 

p-Cinnamyl  Carboxylic  Acid  is  obtained  from  terephthal-aldehydic  acid  and 
sodium  acetate.     It  is  ao  insoluble,  infusible  powder  (A.  231,  369). 

o-Phenylenediacrylic  Acid,  C,lI^[i,2](CH :  CH  .  CO,H)„  melts  above  300®.  It  is 
produced  when  alcoholic  potash  acts  upon  o-xylylene  dichlordimalonic  ester  (B.  19, 435). 
p-Phenylenediacrylic  Acid  is  obtained  from  p-aldehydo-cinnamic  ester  with  sodium 
acetate  and  acetic  anhydride  (A.  231,  377),  and  from  p-xylylene  dibromdimalonic  ester. 

4.  Pkenyloiefine  AV/^A .— Oxymethylene  Acetophcnone,  C^Hj .  CO .  CH :  CH  .  OH, 
when  separated  from  its  sodium  compound,  is  a  very  unstable  oil.  Its  sodium  de- 
rivative is  formed  when  sodium  ethylate  acts  upon  formic  ester  and  acetophenone. 
Formerly,  oxymethylene  acetophenone  was  considered  to  be  benzoyl  acetaldehyde 
(p.  250).  Constitution  of  the  oxjrmethylene  compounds — see  I,  319.  Phenylhydrazine 
converts  it  into  diphenylpyrazole  (see  this) ;  hydroxylamine  unites  with  it  to  form 
benzoylacetaldoxime  (p.  250). 

5,  6.  Phenyl-oxyolejine  and  Diolefine  Carboxylic  Acids. — Ox3rniethylene-phenyl- 
acetic  Ester,  C^HjCfCOjCjHg) :  CHOH— see  formyl  phenylacetic  ester,  p.  256. 

/9-Bthoxycinnamic  Ester,  CjH4C(OC,H5) :  CH  .  COjC,Hj,  boiling  at  1 71-173®,  is 
obtained  from  benzoyl  acetic  ester  and  orthoformic  ester.  The  corresponding  acid  melts 
at  162®  with  evolution  of  carbon  dioxide  and  the  formation  of  ^-phenylvinylethyl  ether 
(p.  271)  (B.  29,  1005). 

Phenyl-a-cxy-crotonic  Acid,  C^HjCH :  CH  .  CH(OH)COOH,  melting  at  137°,  is 
prepared  by  saponifying  its  nitrile,  cinnamyl-aldehyde  cyanhydrtn^  melting  at  80°,  with 
cold  concentrated  hydrochloric  acid.  On  boiling  with  hydrochloric  acid  the  acid  is 
readily  rearranged  to  benzoyl  propionic  acid  (p.  261)  (B.  29,  2582). 

.CH, .  COO 

^•Benzylangelic  Lactone,  C-H. .  CH.C/    ^_^^ ,  is  obtained  in  the  distilla- 
te. CH, 
tion  of  benzyl-lxvulinic  acid  (p.  261). 

d-Oxycinnamylidene  Acetic  Acid. 

C,Hj.C:CH.CH:CH.CO 

lislwcioneispncnylcoumalm,  \  1    ,  meltmg  at  68°,and  found 

in  coto-bark  (B.  29,  2659;  R.  1 1 16). 

7,  8.  Phenyl- olefinc-  and  dioUfine-a-keto-carboxylic  acids  result  from  the  condensation 
of  aromatic  aldehydes  with  pjrroracemic  acid. 

Cinnamyl  Formic  Acid,  C^Hj .  CH  :  CH  .  CO .  COjH,  a  bright  yellow  gummy  mass, 
is  obtained  from  its  nitrile,  cinnamyl  cyanide ^  C^Hj  .  CH  :  CH .  CO .  CN  (B.  14,  2472), 
melting  at  140®. 

The  ortho-nitro  derivative  is  similarly  formed  from  o-nitrobenzaldehyde  and  pyro- 
racemic  acid.  It  melts  at  135^*  and  is  changed  by  alkalies,  even  in  the  cold,  with  elimi- 
nation of  oxalic  acid,  into  indigo. 

3,4-Metbylene-dioxycinnainyl  Formic  Acid,  (CHjOj)[3,4]CjH3 .  CH  :  CH  .  - 
CO. CO.H, melting  at  148-150®, and  piperonylene-pyroracemic  acid, (CH20,)[3,4]- 
C^HjCIl :  CH .  CH .  CH .  CO  .  C0,H,  melting  at  165-167®,  are  formed  from  piperonal 
and  piperonyl  acrolein  (p.  272). 

9.  Pfunyl-olefine-p-keton  Carboxylic  Acids  result  from  the  condensation  of  acetoacetic 
ester  and  aromatic  aldehydes  with  hydrochloric  acid  gas,  or,  better,  primary  or  second- 
ary amines  in  the  cold  (6.  29,  172).     Benzal  Acetoacetic  Ester,  C^H^  .  CH  : 

C<^^jij^»,  melting  at  59®  and  boiling  at  181®  (17  mm.)  (A.  281,  63).    The  m-nitro- 

esiermeltM  at  112®  (B.  26,  R.  448).     AUyl  Benzoyl  Acetic  Ester,  C^H^.CO.- 

^^•<cS'^cft :  CH,»  ™'**  *^  "^**  (®   '^'  ^'32). 
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Benxal  Diethyl  Acetomcetic  Ester,   C^H^ .  CH  :  CH  .  C0C(C;H J, .  a\C,H|, 

melts  at  loi^. 

10.  Phenyl-olefine-y -ketone  Carboxylic  Acids  result  by  the  coodensatioB  (l)  of  ikte- 
hydes  and  ketone-carboxylic  acids  with  acids  or  alkalies ;  (2)  of  olefine  dkarixxjlic 
anhydrides — e.g. ,  maleic  acid  anhydride,  citraconic  anhydride,  and  benKocs  with  ali- 
minium  chloride. 

^•Benxoyl  Acrylic  Acid,  C^IK .  CO .  CH :  CH .  CO^H,  melu  at  96^  when  laby- 
drous.  It  results  from  the  action  of  sulphuric  ackl  upon  maleic  anhydride  (see  above),  • 
as  well  as  from  phenyl-x-keto-a-oxybutyric  acid  (p.  261).  Trichlorethidene  Aceto-  | 
phenone,  C^Iij.  CO.  CH :  CH .  CXIl,,  melting  at  I02<»,  is  produced  when  snlphnic 
acid  acts  u;  on  chloral -ocetophenone  (p.  261).  /9-Bensoyl  Cfotonic  Acid,  C^H| .  CO.  • 
C(CH,) :  CH  .  CO,H,  melting  at  113°,  is  obtained  from  citraconic  anhydnde  (B.  I5i 
891). 

CO    CH 

/?  Benzal-lflevulinic  Acid,  C;H,  .  CH  :  C<^^  ^  ^  j^,  melting  at  125**,  is  pro- 
duced by  the  condensation  of  benzaldehyde  and  Ixvulinic  acid  in  acidsoiMticm,  It  pots 
with  water  u}x>n  distillation  and  forms  3-aceto-i-naphthol.  Phenylitaconic  add  is  formed 
i>y  its  oxidation,  and  /^-benzyl-kcvulinic  acid  by  its  reduction.     Hydroxylamine  prodaces 

CH  CO 
the  neutral  lactoxime^  Benzallarvoxime^  ^§'^6 •  ^^  •  ^"^C  •  V    0»  ™^^"S  •*  94** 

When  benzaldehyde  and  laevulinic  acid  condense  in  alkalint  solution  the  product  ifr— 
ireenzal-lsevulinic  Acid,  CcH^CH  :  CH .  CO .  C^H^ .  CO,H,  melting  at  120^.    It 
yields  be riza!  angelic  lactone^  melting  at  90^  (B.  24,  3202),  upon  distillation. 

11,  12.  PhenyloUfine- zxiCi.  diolefine  Dicarboxylic  Acuis. — Benxal  lAalonic  Acid, 
CgHj  .  (MI :  C(C(),H)2,  melts  with  production  of  cinnamic  acid  and  allocinnamic  tdd 
(p.  274).  It  is  formed  in  the  condensation  of  benzaldehyde,  malooic  acid,  and  glaciil 
acetic  acid.  Its  ethyl  es/er^  boiling  at  198**  (13  mm.),  is  obtained  from  benzaldehyde, 
niaK>nic  ester,  and  hydrochluric  acid.  It  adds  to  itself  more  readily  than  the  free  acid. 
Aniline  as  well  as  pheiiylhydra/ine  converts  the  methyl  ester  into  /9-Anilido-  and 
,.^Phenylhyd^azido-benzyl-malonic  Methyl  Ester,  melting  at  117®  and  9***(B  «9» 
S13).  When  sul)stitut«Ml  l)cn /aldehydes  are  used,  substituted  Itenzal-malonic  acids  result 
— e.  g.y  nitrobenzal  malonic  acid,  which  is  reduced  by  ferrous  sulphate  and  ammoDia 
to  /^caibostyiil  CiirlK)\yIic  acid  ( H.  21,  R.  253). 

f7-Cyan-cinnamic  Acid,   Iltilf  nitrile  0/  Benzal  Malonic  Acid, 

C^jllj,  CII :  ^<[i'y^     ,  melting  at  180°,  is  obtained  by  the  action  of  cyan -acetic  acid  in 

the  heat  ii|)on  benzaldehyde,  or  when  it  is  boiled  with  cyanacetyl  chloride.  \Vhfn 
heated  it  passes  into  the  nitrile  of  cinnamic  acid  (p.  274).  The  methyl  and  ethyl esten 
melt  at  70°  and  50°.  A  lar^e  number  of  half-nitrilcs  of  unsaturated,  aromatic  malonic 
acids  of  relattrd  constitution  have  l>een  obtained  by  the  union  of  readily  accessible,  aro- 
matic aldehydes  with  cyan  acetic  acid  (H.  27,  R.  262).  Nitrile  Acid  Amide,  dinitriU, 
and  diiuniih  of  benzal  malonic  acid,  melting  at  I23®,  87**,  and  190^,  have  al.so  been 
synthesized  by  the  condensation  of  benzaldehyde  with  cyanacetamide,  malonitrile,  and 
malonamide  \\\.  28,  2251). 

r.^     ^  ,  r  [ilCII :  C .  CO.H 

/?-Carbostyril  Carboxylic  Acid,  CglT^^  r  im  i     '^  ,  is  formed  from  oamido- 

l>enzaldehyde  upon  heatinp^  it  with  malonic  acid  to  120°,  and  also  from  o-nitrobenzol 
malonic  acid  (IJ.  21,  K.  353).     Its  silver  .salt,  when  heated,  yields  carbostyril. 

f  [i]CH  :  C.CO.H 
Coumann  Carboxylic  Acid,  CJI^  «|  \^  1  ,  melting  at  187°,  breaks 

down  at  290°  into  carl)on  dioxide  and  coumarin  (p.  281).     It  is  obtained  from  salicyl- 
aldebyde,  malonic  acid,  and  glacial  acetic  acid,  as  well  as  from — 
r[ilCH:C.CN 
Cyan-coumann,  CJI^.^  ":  ^  1  ,  melting  at  182®.     This  latter  body  may 

be  prepared  by  the  action  of  dilute  sulphuric  acid  upon  o-oxybenxaldicyanacetic  ester, 
^0[2]C,H^CH[CH(CN)CO,C,H5],  -f  ^"2^,  melting  at  I40«.  This  is  a  condensa- 
tion  product  of  salicylaldehyde  and  cyanacetic  ester  (B.  ay,  R.  576). 
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Cinnamenyl  Malonic  Acid,  PkenylbuHne  Duarboxylic  Acid,  C^H^  .  CH :  CH .  - 
CH:C(CO,H)„  melts  at  2o8<>  (B.  19,  R.  350).  Cinnamenyl  Cyanacrylic  Acid, 
C,H. .  CH :  CH .  CH  :  C(CN)CO,H,  melts  at  2120. 

Pipcronylene  Malonic  Acid,  (CH,0,)|;3,4]C,H, .  CH :  CH .  CH :  C(CO,H)„  melts 
at  20S*»  with  decomposition  into  CO,  and  piperic  acid  (p.  285)  (B.  28,  1190).  Phenyl 
AUyl  Malonic  Acid,  C,H5C(CH,.  CH  :  CH,)(COOH)„  melts  with  decomposition  at 
145^.  Its  ester  is  formed  when  allyl  iodide  acts  upon  phenyl  malonic  ester  (B.  29, 
2600). 

CH .  CO,H 

Phenyl  Maleic  Acid,  q  ,  changes  below  100^  into  its  anhydride. 

CeHj.C.COjH 
melting  at  1 19®,  which  is  produced  when  bromine  and  PBr,  act  upon  phenylsuccinic 
acid,  and  the  reaction  product  is  treated  with  water.    Phenylmalic  acid  is  formed  simulta- 
neously (B.  23,  R.  573). 

_^        ,  w  ...      C,H..CH:C.CO,H 

Phenyl  Itacomc  Acid,    '    "  itx     ^^  „»  melting  at  172®,  is  formed  (i) 

CHj .  CO,H 

from  succinic  ester,  benzaldehyde,  and  sodium  ethylate ;  (2)  from  phenyl  paraconic  ester 
and  sodium  ethylate.  When  fused,  particularly  under  reduced  pressure,  it  separates  into 
water  and  its  anhydridey  melting  at  163-166^,  which  in  every  fusion  changes  in  a  slight 
degree  to  isomeric  phenylcitraconic  anhydride ,  melting  at  60^.  Water  changes  the  latter 
to  phenylcitraconic  acid,  melting  at  103-106®.  If  phenylcitraconic  acid  in  chloroform 
solution,  to  which  a  little  bromine  is  added,  be  exposed  to  smilight,  it  becomes  phenyl- 
mesacanic  acid,  melting  at  2Io^. 

The  conversion  of  phenylitaconic  acid  in  chloroform  solution,  to  which  a  few  drops  of 
a  dilute  bromine  solution  have  been  added,  into  phenylaticonic  acid,  melting  at  148^ 
(B.  26,  40,  2082;  27,  2405)  (I,  465),  when  exposed  to  sunlight,  is  certainly  very 
remarkable. 

r  rnCH  =  C .  CH(CH,)CO,H 

Coumarin-propionic  Acid,  C^H^-j  ^  ^^    '      i^  ,  melting  at  1 7 1^ 

is  formed,  together  with  o-oxyphenyl  methylisocrotonic  acid,  from  salicylaldehyde, 
sodium  pyroracemate,  and  acetic  anhydride.  It  passes  into  a-ethyl  coumarin  when  it  is 
distilled  (A.  255,  285). 

Methyl  Phenyl  Itaconic  Acid,  CeH5C(CH3)  =  C(CO,H)CHj  .  CO,H,  melts  with 
decomposition  at  161-163°.  It  is  obtained  from  succinic  ethyl  ester,  acetophenone,  and 
sodium  ethylate  in  ether  (A.  282,  288). 

Phenyl  Glutaconic  Acid,  C^Hj .  C(CH,  .  COOH) :  CH  .  COOH,  melting  at  154**, 
has  been  obtained  from  the  condensation  product  formed  in  the  union  of  phenyl propiolic 
ester  with  sodium  malonic  ester  (B.  27,  R.  163). 

Benzal  Glutaric  Acid,  C.Hj.  CH  :  C(CO,H)CH,  .  CH, .  COOH  (A.  282,  338). 

Benzyl  Glutaconic  Ester,  C^Hj.  CH,  .  CH(COOn)CH  :  CH  .  COOH,  melts  at 
145°  (A.  222,  261).  Its  ethyl  ester,  boiling  at  203°  (lo  mm.),  when  treated  with  am- 
monia at  100°,  forms  di hydroxy  benzyl  pyridine,  melting  at  184®  (B.  26,  R.  318).  (Com- 
pare constitution  of  pyridine.) 

13.  Phenylene  Oxyolefine  Dicarbozylic  Acids. — Phthalyl  acetic  acid  and  iso- 
coumarin  carboxylic  acid  have  the  same  relation  to  each  other  that  methylene  phthalide 
sustains  to  isocoumarin.  Phthalyl  acetic  acid  and  its  homologues  have  been  obtained  by 
applying  the  Perkin  reaction  to  phthalic  anhydride  : 

{C  =  CH.CO,H 
\  ,   melts  with  decomposition  above 

COO 
260°.  When  distilled  under  greatly  diminished  pressure  it  breaks  down  into  carbon 
dioxide  and  methylene  phthalide  (p.  285).  Salts  of  benzoylaceto-carboxylic  acid  (p. 
263)  are  obtained  by  dissolving  it  in  alkalies.  When  it  is  heated  with  water  to  200°  it 
breaks  down  into  carbon  dioxide  and  o-acetylbenzoic  acid.  When  heated  with  ammonia 
it  forms  Phthalimide  Acetic  Acid.     The  alkylamines  react  analogously. 

Sodium  ethylate  converts  phthalylacetic  acid  into  the  sodium  salt  of  diketohydrindene 
carboxylic  acid  (see  this)  (B.  26,  953). 
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f[llCH  =  C  — CO,H        , 
Isocoumarin  Carbozylic  Acid,  C^H^  <  ^  ^  i  ,  melting  at  237®,  is 

formed  when  o-carbophenyl  glyceric  acid  lactone  (p.  265)  is  heated  to  160®  with  hydro- 
chloric acid.     See  isocoumarin.     Ammonia  converts  it  quite  readily  into  isocarbpstyril 

f  filCH  =  C.  CO.H 
carboxylic  acid,  ^eH  J  ^  ICO  — NH  '  melting  at  3200  (B.  25,  I138).     Boiling 

caustic  potash  decomposes  it  into  o-toluic  acid  and  oxalic  acid  (B.  a8,  R.  770^. 

14.  Phenylene    OxyoUfine    Tricarboxylic   Acids,  —  Phthmlyl     Malonic     E^ter, 

r[i]C=C(CO,C,ft,), 
^e^4  \         \  >  melting  at  74®,  b  formed,  together  with  phthaljl  dimalonic 

I  [2]C00 
ester  (p.  265),  from  phthalyl  chloride  and  sodiom  malonic  ester  (A.  242,  46).    Phthalyl 

X  (  [i]C  =  C<^^^"» 

Cyanacetid  Ester,  CH.  •{         \  »  melting  at   175*,    is    made   from 

1  l[2]COO 

phthalyl  chldfide  and  sodium  cyanacetic  ester  (B.  a6,  R.  370). 


B.  HYDROAROMATIC  SUBSTANCES  WITH  SINGLE- 
NUCLEUS,  HYDROBENZENE  DERIVATIVES. 

It  was  shown  in  the  introduction  to  the  carbocyclic  compounds  that  the 
treatment  of  the  hydroaromatic  derivatives  presupposed  a  knowledge  of 
the  aromatic  bodies  (p.  18).  Indeed,  numerous  reactions  which  led  to 
the  hydroaromatic  compounds,  especially  the  additions,  were  described 
in  connection  with  the  aromatic  substances.  Many  bodies  discussed 
under  the  aromatic  derivatives — e,  g,,  the  quinones — are  rather  to  be 
viewed  as  derived  from  the  hydroaromatic  hydrocarbons.  And  reactions 
were  also  learned  in  the  discussion  of  the  fatty  bodies  which  will  again 
be  encountered,  and  through  which  mono-nucleus,  hydroaromatic  sub- 
stances arc  produced.  The  Urpencs  and  camphor  will  be  included  in  the 
hydroaromatic  derivatives. 

I.  HYDROAROMATIC  HYDROCARBONS. 

Hexahydrobenzcne  is  the  i)arent  hydrocarbon  of  the  hydroaromatic 
substances.  Tetra-  and  di-hydrobenzene  bear  the  same  relation  to  it 
that  an  olefine  and  a  diolefine  show  to  the  paraffin,  having  the  same  number 
of  carbon  atoms. 

The  hexahydrobenzenes,  which  are  isomerides  of  olefines  with  a  like 
number  of  carbon  atoms,  resemble  the  paraffins  rn  chemical  deportment ; 
they  belong  to  the  cycloparaffins  (compare  1,  89;  11,  17),  while  the 
teirahydrobenzenes  belong  to  the  cyclo-olefines,  the  dihydrobenzenes  to 
the  cyclodiolefines,  and  benzene  is  the  simplest  imaginable  cyclotri- 
olcfine,  if  we  accept  the  formula  proposed  for  it  by  Aug.  KekuU. 

Bertbelot  (1867)  Brst  effected  the  reduction  of  benzene  to  hexahydrobenzene.  It  was 
obtained  pure  by  Haeyer  (1894)  in  the  course  of  an  investigation  in  which  he  demon- 
strated how  the  simplest  representatives  of  the  hydroaromatic  bodies — hexahydrobenzene, 
tetnhydrobcnzcDe,  and  dihydrobenztne — covAd  bt  ^te^aied  from  p-diketohezsmethjl- 
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ene,  a  decomposition  product  of  succino  succinic  ester  (p.  305).  Before  beginning  a 
detailed  description  of  the  hydroaromatic  hydrocarbons  it  may  be  well  to  briefly  present 
the  steps  of  this  research  in  a  diagram.  The  inclosed  numbers  following  the  names  refer  to 
the  formulas  of  the  diagram. 

p-Diketohexamethylene  (i)  3rields  qninite  (2)  by  reduction,  which  hydrogen  bromide 
changes  to  p-dibromhexamethylene,  and  hydrogen  iodide  into  the  monoiwlhydrin  (4) 
of  quinite,  along  with  p-diiodhexamethylene.  Quinite  monoiodhydrin,  when  reduced, 
yields  oxyhexaraethylene  (5).  Hydrogen  bromide  and  iodide  convert  oxyhexamethylene 
(6)  into  brom-  and  iod-hexamethylene  (6,  7).  When  p-dibromhexamethylene  and  mono- 
bromhexamethylene  are  heated  with  quinoline  the  latter  yields  teirahydrobenteni  (8), 
and  the  former  dihydrobenzene  (9) ;  whereas  mono-iod-hexamethylene  is  reduced  by 
zinc-dust  and  glacial  acetic  acid  to  hexahydrobemene  (10) : 


(1)  (2)  (5)  I'^^^xSIch)^" 

(4)  )/C  (5)  (6) 


I. 


(7)  is'  («o)  I  (8) 

Compare  the  tetrahydrobenzenes  (p.  293)  for  additional  methods  for  the  preparation 
of  hydrobenzene  derivatives. 

The  following  values  (V)  and  differences  (D)  were  observed  by  Stohmann  in  determin- 
ing the  heats  of  combustion  and  the  boiling  points  of  benzene,  the  three  hydrobenzenes, 
and  hexane : 

Approximately 
C.H,  (V)   =  779-8)  jj  ^  gg^ cj  B.  P.  804"        | ^  =  +  50 

C,H,    "    =  848.0;  ••    84-86'»     { 

J  "  =  44.0   «  f  "  =  —  2" 

C,H„   "    =892.o|      J^  "    82-84'     I     _ 

C,H„  "    =933.2{  "-*'•'   "  "    79-79S°i"-~^° 

CH,,   "    =991.2!"  =580   "  «•    69°  }"=-lo<>. 

The  differences  calculated  from  these  numbers  would  have  to  be  equal  if  the  changes 
were  of  like  character.  The  magnitude  of  these  differences  expresses,  therefore,  the 
magnitude  of  the  changes  involved  in  the  reduction  (A.  278,  1 15).  Consult  Brtihl,  6. 
27 1  1065,  upon  the  value  of  molecular  refraction  in  the  determination  of  structural 
differences. 


I  a.  HEXAHYDROBENZENES,  NAPHTHENES  [CYCLOHEXANES]. 

Hydroaromatic  hydrocarbons  constitute  the  chief  portion  of  Caucasian 
petroleum  (i,  88)  (Beilstein  and  Kurbatow,  B.  13,  181 8).  Markowni- 
kow  has,  therefore,  designated  them  naphthenes.  Hexahydrobenzenes 
have  also  been  discovered  in  the  tar  from  bituminous  coal  and  in  that 
from  certain  shales,  as  well  as  in  the  resin-oils  obtained  from  the  distil- 
lation of  colophon ium.  They  have  been  made  artificially  by  reducing 
aromatic  hydrocarbons  with  hydriodic  acid  at  high  temperatures.  Hexa- 
hydrobenzene  resists  decomposition  by  means  of  hydrogen  very  strongly 
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(A.  278,  88).     The  hexahydrobenzenes  are  more  easily  obuined  by  re- 
ducing their  halogen  substitution  products. 

When  hydriodic  acid  is  used  as  a  reducing  agent,  under  certain  circumstances  alkjl- 
pentamcthylenes  appear  to  form  by  a  process  of  isomerization ;  these  are  isomeric  with 
the  hexamethylenes.  Thus,  methylpentamethylene  is  formed  together  with  hexamethjl- 
ene  (H.  30,  1214)- 

The  hexahydrobenzenes  are  distinguished  from  the  olefines  isomeric  with  tbembj 
their  higher  specific  gravity  and  their  inability  to  take  up  bromine.  Like  the  panAns, 
they  are  first  chang^  by  chlorine  into  mono-chlor  substitution  products,  from  wluch 
esters  of  monacid  alcohols,  amines,  and  tetrahydrobenzenes  can  be  prepared  by  well- 
known  methods.  Substituted  aromatic  hydrocarbons  are  obtained  from  the  hexahyd^ 
l>enzenes  by  the  action  of  bromine  and  aluminium  bromide,  as  well  as  by  the  scttoo 
(although  with  difBculty)  of  nitric  acid  and  sulphuric  acid.  However*  nitrohydrobea- 
zcnes  liave  been  obtained  by  the  use  of  dilute  nitric  acid  (B.  25,  R.  107  ;  28,  577)< 

Hezahydrobenzene  .  .  .  boils  at  79^ ;  sp.  gr.  0.7473  (  0^) 
Hezahydrotoluene  ...  "  "  ioo<» ;  •«  "  0.7778  (  c^) 
Hexahydro-m-xylenc  .  .  "  «*  liS®;  ««  ««  0.7814  fc^) 
Hexahydrocumene  ...      "     "  148**;  "    "    0.7870  (2(/») 

Hezahydromesitylene    .      "     "  137**;   "    "      

i,3,4-Hezahydrop8eudocumene    **     "  135**;   **    **    0.7812(12®) 
Hezahydrocymene,  see  Terpenes,  p.  307,  and  B.  29,  317. 

Hezahydrobenzene  (B.  28,  1234),  hexahydrotoluene,  hexahydro-m-xylene,  and  hext- 
hydropseudocumene  have  been  found  in  the  naphtha  of  Caucasian  petroleum,  while 
hexahydrotoluene,  hexahydro-m-xylene,  hexahydrocumene,  and  hexahydrocymene  are 
present  in  resin-oil. 

Hezahydrobenzene,  Naphthene^  HexamethyUney  Ring-kexene^  Cydohexam^ 

CIIj<.,jj*  *^j.*>CIl2,  results  from  the  reduction  of  iodhexamethylene  (p.  291,  and 

B.  28,  1022  ;  30,  391),  and  by  the  action  of  sodium  uj)on  synthetic  hexamethylcnc  bro- 
mide.    It  is  a  liquid  with  an  odor  like  that  of  petroleum  (A.  278,  IIO;  B.  27,  2l6). 

Hexahydrotoluene,  Heptanaphthene,  Methylcyclohexane,  has  also  been  made  from 
su1)eryl  alcohol  (p.  28)  by  the  action  of  HI  at  140^  (B.  25,  R.  858),  and  from  perselte 
(see  1),  as  well  as  from  synthetic  methyl  hexamethylene  ketone  by  means  of  the  corre- 
s|X)nding  alcohol  (B.  29,  731).  Bromine  and  aluminium  bromide  convert  it  into  penta- 
bromtoluene,  melting  at  282°. 

Hexahydro-m-xylene,  Octonaphthenfy  \\yyDimethylcyclohexane\^  is  obtained  from 
camphoric  acid,  from  heptanaphthene  carboxylic  acid  by  means  of  HI  (A.  225,  lio; 
B.  24,  2718  ;  25,  920),  and  from  hexahydro-2,6-dimethyl  phenol  (p.  294). 

Hezahydro-p-zylene  is  obtained  from  brom-camphor  by  means  of  ZnCl,  at  160° 
(B.  13,  1407). 

Hexahydropseudocumene,  Nonaphthtne^  l^ZA'Trimethylhexamethylene^  from 
hexahydrotrimethyl  phenol  (B.  29,  215),  when  acted  upon  with  bromine  and  aluminium 
bromide,  yields  tribrompseudocumene.  1 ,3- Methylisopropylcyclohexane,  sym. 
vunthane^  boiling  at  167°,  is  formed  by  the  reduction  of  its  iodine  substitution  product. 

[i,3]-Diethylhexahydrobenzene,  boiling  at  170®,  sp.  gr.  0.7957  (22^/4°),  no — 
1.4388(20°),  is  isomeric  with  hexahydrocymene.  It  is  obtained  from  hexahydro-2,6- 
diethyl  phenol  (p.  294). 

Halogen  Substitution  Products  of  the  Hexahydrobenzenes. — Formation  .-  (i) 
From  the  hexahydrobenzenes  by  the  introduction  of  chlorine.  {2)  By  the  addition  of 
halogens  and  halogen  hydrides  to  di-  and  tetrahydrobenzenes.  (3)  By  the  addition  of 
halogens  to  benzenes  and  halogen  benzenes  (p.  57).  (4)  From  the  oxyhexahydroben- 
zenes  through  the  exchange  of  hydroxyl  groups  for  halogens. 

The  third  method  has  brought  to  light  peculiar  isomeric  phenomena.  Ttvo  isomeric 
benzene  hexachlorides,  two  isomeric  chlorbenzenc  hexachlorides  and  benzene  hexa- 
bromides  have  l>een  found.  The  disposition  on  the  part  of  chemists  is  to  ascribe  the 
cause  of  this  isomerism  to  the  different  positions  of  Uie  attached  chlorine  atoms  with 
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reference  to  the  plane  of  (he  carbon  ring,  as  in  the  case  of  the  isomeric  trithioaldehydes 
(I,  203),  and  the  isomeric  tri-,  tetra-,  and  pentamethylene  dicarboxylic  acids  (pp.  23,  24, 
27).  At  the  conclusion  of  the  hexahydrobenzenes  only  those  addition  products  obtained 
according  to  method  3  will  be  discussed,  which  eventually,  by  loss  of  halogen  hydride, 
pass  into  benzene  halogen  substitution  products. 

a-  or  trans-Benzene  Hezachloride,  C^HgCl^,  melting  at  157^  and  boiling  at  218^ 
(345  mm.),  decomposes  into  3HCI  and  unsym.  trichlorbenzene  (p.  58).  P-  or  cis- 
Benzene  Hezacbloride  melts  and  sublimes  near  310^.  a-Benzene  hexachloride  was 
made  by  the  action  of  chlorine  upon  benzene  in  sunlight  (1825,  Faraday ;  1835,  Mitscher- 
iich,  Pogg.  A.  35,  370).  a-  and  P-Benzem  hexcuhlorides  are  produced  when  chlorine  is 
conducted  into  boiling  benzene  (1884,  Meunier;  B.  18,  R.  149  ;  19,  R.  348),  or,  better, 
into  a  mixture  of  benzene  and  I  per  cent,  sodium  hydroxide,  llie  a-body  is  separated 
by  distillation  in  steam  from  the  less  volatile  )3-derivative  (B.  24,  R.  632),  or  by  means 
of  chloroform  from  the  more  sparingly  soluble  )3- compound.  The  latter  is  the  more 
resistant  of  the  two  modifications.  When  heated  with  alcoholic  potash  it  is  converted 
with  greater  difificulty  than  the  a-body  into  unsym.  trichlorbenzene.  It  is  not  affected  by 
alcoholic  potassium  cyanide,  but  when  boiled  with  this  reagent  the  a- variety  is  converted 
into  unsym.  trichlorbenzene.  Zinc  in  alcoholic  solution  changes  the  a-modification  into 
benzene  (Z.  f.  Ch.,  1871,  N.  F.  7,  284,  293). 

a-  and  /3-Chlorbenzene  Hezachloride,  CfH^Clf,  melting  at  146^  and  260^,  yield 
1,2,3,5-tetrachlorbenzene  with  alcoholic  potash  (A.  141,  loi ;  B.  25,  373).  1,2,4- 
Trichlorbenzene  Hezachloride,  C^HiCl^,  melts  at  95^. 

a-Benzene  Hezabromide,  C^H^Br^,  melting  at  212^,  results  from  the  action  of 
bromine  u}K>n  benzene  in  sunlight,  and  when  bromine  acts  upon  boiling  benzene.  When 
it  splits  off  IIBr,  1,2,4-tribrombenzene  is  formed  (Pogg.  A.  35,  374).  It  is  isomorphic 
with  a-benzene  hexachloride  (B.  18,  R.  553).  When  bromine  acts  upon  benzene  in  the 
presence  of  dilute  caustic  soda,  a  second  compound— ^-^^iiz^Yf^  HexabronndCy  melting 
at  253°  (B.  29,  R.  Ii38)^is  formed  together  with  the  first  body. 

I  b.  TETRAHYDROBEN2ENES,  NAPHTHYLENES  [CYCLOHEXENES]. 

Tetrahydrotoluene  has  been  discussed  together  with  hexahydrotoluenes  and  allied 
hydrocarbons  found  in  the  essence  of  resin,  llie  hexahydrobenzenes  yield  tetrahydro- 
l>enzenes  by  the  introduction  of  chlorine  and  the  exit  of  IlCl.  The  hydrocarbons — e,  g., 
Carvomenthene  and  Menthene  (see  these) — obtained  from  terpenes  and  their  derivatives 
belong  to  the  tetrahydrobenzenes. 

CH  — CH  w 

Tetrahydrobcnzcne,  CH,<      *  7CH,  boiling  at  82-84®  (p-  291),  is  pro- 

duced  on  distilling  monobromhexamethylene  (p.  294)  with  quinoline.  It  is  a  colorless 
liquid,  resembling  petroleum.  It  has  less  of  the  leek  odor  than  dihydrobenzene.  It  is 
colored  yellow  by  concentrated  sulphuric  acid.  The  dibrontide  is  a  liquid.  The  nitroso- 
chhride  melts  at  152°.  The  nitrosate,  NO .  C,H,5 .  O  .  NO,,  melts  at  150®  with  decom- 
position (A.  278,  107).     Tetrahydrotoluene  is  obtained  from  pulegone  (A.  289,  343). 

Different  homologous  tetrahydrobenzenes  have  been  obtained  from  hexahydrophenols 
(p.  294)  by  the  removal  of  water  with  PjOj.  Methyl-,  dimethyl-,  Methyl-iso- 
propyl-tetrahydrobenzenes  boil  at  105®,  124®,  and  109°  (communicated  by  E.  KnOve- 
nagel), 

I  c.  DIHYDROBENZENE8  [CYCLOHBXADIENES]. 

Very  probably  some  of  the  naturally  occurring  terpenes  belong  to  the 
dihydrobenzenes.  The  artificially  prepared  representatives  of  the  di- 
hydrobenzenes  are  very  similar  in  deportment  to  them.  The  method  of 
preparing  the  simplest  of  the  hydrocarbons  in  this  class — dihydrobenzene 
— from  succino-succinic  ester  has  already  been  discussed  (p.  291). 
Mono-alkyl  and  di-p-alkyl-dihydrobenzenes  were  made  in  like  manner ' 
from  mono-  and  di-alkylsuccinosuccinic  esters  (B,  26^  ^^'^V 
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A  second  method  for  the  preparation  of  dihydrobenzenes  u  based  npon  the  reamnge- 
ment  of  the  dihydroresorcinol  derivatives  obtained  in  the  condensation  of  d-keCooicesten 
(p.  297).  The  dihydroresorcinols  yield  dihydric  alcohols  upon  reduction ;  these,  by  the 
exit  of  two  molecules  of  water,  become  dihydrobenzenes.  Thos  fiur  only  one  phenjl- 
dihydrobenzene  has  been  pre|)aied  in  this  manner  (A.  aSg,  137). 

^CH  .  CH,.  yCH,.  CHjv 

Dihydrobenxcne, [Cyclohexadi«n],Cn^  \CH  or  CH^^  ^CH. 

boiling  at  84-86^,  results  when  p-dibromhexamethylene  is  heated  with  qoiooline  (p.  291). 
It  is  a  leek-like  liquid,  resembling  benzene.  It  resinifies,  like  the  terpenes  (p.  291),  00 
exposure  to  the  air.  It  decolorizes  a  solution  of  KMnO.  instantaneously,  and  takes  00 
a  blue  color  when  treated  with  concentrated  sulphuric  acid  (see  sylvestrene,  p.  jo8).  Its 
Mrabromide  melts  at  185®  (B.  25,  1840). 

Dihydrotoluene,  CfH,o,  boiling  at  105-108°,  b  obtained  from  toluene  by  theactko 
of  Pnj(A.  X55»27i). 

Dihydro-o-zylene,  CaHtharene,  boiling  at  135°,  is  produced  when  cantharic  idd, 
CjoILjO^,  a  rearrangement  product  of  cantharadine,  is  cUstilled  with  caustic  lime.  Its 
odor  IS  like  that  of  a  terpene,  and  it  resinifies  on  exposure  to  the  air  (Piccard,  1878;  B. 

25.  2453)- 

Dihydro-m-zylene,  boiling  at  133°,  sp.  gr.  0.8275  (20°),  is  obtained  when  methfl 
heptenone,  (ClIj),Cn .  CII  =  CH  .  CH,COCH„  is  condensed  with  ZnCl,  (A.  a5«i 
326). 

Dihydro-p- xylene  boils  at  134°.  Dihydro-p-diethyl  Benzene  boib  at  180-185^ 
Dihydro-p-methylisopropyl  Benzene,  Dihydro-'^cymene^  boils  at  174°. 


2.  RING-ALCOHOLS   OF    THE   HYDROAROMATIC   HYDRO- 
CARBONS. 

In  this  group  are  included  quercite  and  inosite,  formerly  classed  with 
the  sugars,  as  well  as  the  ring  alcohols  of  the  terpane  or  menthane  group 
among  the  tcri)encs(j).  313),  while  other  members  have  been  obtained  by 
the  reduction  of  aromatic  or  hydroaromatic  compounds,  but  chiefly  from 
the  corresponding  ketones. 

Hexahydrophenol,  [Cyclohexanol],  CjH,|(OH),  melting  at  -f-15**  and  boiling  at 
158°  (720  mm.),  is  formed  by  the  action  of  zinc-dust  and  glacial  acetic  acid  upon 
p  iodhexahydrophenol,  the  reaction  prmluct  obtained  from  quinite  and  hydriodic  acid. 
Its  odor  is  like  that  of  fusel  oil.  It  is  more  readily  soluble  in  water  than  the  aliphatic 
alcohols  containing  six  C-atoms  (B.  26,  229).  Its  acetyl  derivative  melts  at  104°. 
Ilydrobromic  acid  converts  it  into  bromcyclohexaney\ifyX\Ti%  at  162®  (720mm.).  See 
tetrahydrobenzene. 

Hexahydro-2,6-dimethyl  Phenol,  boiling  at  174^,  and  Hezahydro-2,6-diethyI 
Phenol,  melting  at  77°  and  boiling  at  210°,  along  with  a  series  of  additional  homo- 
logues,  have  been  prepared  by  the  reduction  of  the  corresponding  ketones  (p.  296). 

Hexahydrophenols  have  also  I>een  obtained  from  the  synthetic  keto-R-hexenes 
(p.  298).  This  has  been  accomplished  by  treating  the  latter  with  sodium  and  alcohol. 
The  hexahydrophenols  appear  to  occur  in  two  probably  stereoisomeric  forms.  A 
chromic  acid  mixture  oxidizes  them  to  keto-'R-kexanes,  Their  hydriodic  esters  are  re- 
duced by  zinc-dust  and  glacial  acetic  ester  to  cyclohexanes,  and  when  they  lose  water 
through  the  action  of  P2O5,  cyclohexenes  result  (privately  commwiicated  by  E.  KnGve- 
nagel). 

Quinite,  [Cyclohexane-i,4-diol],HOCII<^^«~^U«>CHOH,  melting  at  I44^ 

is  formed  from  p-dikctohexamethylene  (p.  296)  when  treated  with  sodium  amalgam  in 
the  presence  of  carbon  dioxide.  This  was  demonstrated  by  A.  v.  Baeyer  in  1892.  It 
tastes  sweet  at  first,  then  bitter,  and  is  readily  soluble  in  water  and  in  alcohol.     Chromic 
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acid  oxidizes  it  to  quinone  (B.  25,  1038).  Qainite  serves  for  the  preparation  of  the  sim- 
ple hydride  derivatives  of  benzene  (B.  26,  229).  Hydriodic  acid  converts  it  into 
p-iodcyclohezanol  and  p-di-iodcyclohezane.  By  reduction  the  first  yields  hexa- 
hydrophenol,  the  second  cyclohexane  (p.  293).  p-Dibromcyclohezane  passes  readily 
into  dihydrobentene  (p.  294)  (B.  a6,  230).  2,5-Dimethyl  Quinite  is  formed  from  the 
corresponding  diketone  fB.  25,  2122). 

Phloroglucite,  s-Trtoxyhexamethylent,  [Cyclohexane'i^'^^^'triol'\f 

H0CH<^JJ«~^JJ|qJ||>CH,-|-2H,0,    melts  when   anhydrous   at   184**.    It   b 

formed  when  phloroglucin  is  reduced  in  an  approximately  neutral  solution  with  sodium 
amalgam  (B.  27,  357). 

Quercitc,  [Cyciohexanpentol],  CH,<^|J|^^)~cH{Oh]>^"(^")'  "^^^^'^g  *^ 
235°,  [a]D  =  -|-24.i6®,  occurs  in  acorns.  The  aqueous  extract  of  the  latter  can  be 
freed  of  glucoses  by  fermentation  with  beer-yeast  Quercite  does  not  ferment  with 
yeast.  Hydriodic  acid  converts  it  into  benzene,  hexane,  phenol,  quinone,  and  hydroqui- 
none  (Prunier).  Nitric  acid  oxidizes  it  to  mucic  acid  and  trioxyglutaric  acid  (see  vol. 
I).  A  solution  of  potassium  permanganate  converts  it  chiefly  into  malonic  acid, 
although  oxalic  acid  and  carbonic  acid  are  formed  simultaneously  (B.  29,  1762^. 

Inosite,  Hexahydrokexaoxybenzene^  \Cyclohexanhexene\  (^Hj(OH)j,  is  Known  in 
one  optically  inactive  and  two  optically  active  modifications. 

i-Inosite,  Phaseomannite^  Dambose^  CgHj(OH)-  -|-  2H,0,  melts  at  225®  when 
anhydrous.  It  occurs  in  the  muscles  of  the  heart  and  in  the  urine  when  there  has  been 
an  excessive  consumption  of  water ;  also  in  unripe  beans  {Phaseolus  Tmlgaris)  and  peas. 
If  heated  to  170^  with  hydriodic  acid,  it  yields  phenol,  di-iodphenol,  and  traces  of  ben- 
zene (Maquenne).  Concentrated  nitric  acid  oxidizes  it  to  di-  and  tetra-oxyquinones  (p. 
170),  and  to  rhodizonic  acid  (p.  171)  (B.  20,  R.  478;  23,  R.  26). 

Dambonite,  CjHg(0H)4(0CH,),  -|-  3H,0,  is  the  dimethyl  ether  of  i-inosite.  It 
occurs  in  the  caoutchouc  from  Gabon.     i-Inosite  Hezaacetate  melts  at  21 1  ^. 

d-Inosite,  melting  at  247^,  [ajo  =  -f  ^5^>  ^^^^  pinite  by  the  action  of  hydriodic 
acid,  behaves  like  i-inosite  with  nitric  acid.  Finite,  Matetite^  CLHg(OII)5(OCH,), 
melting  at  186°,  [a]D= -f  65. 51®,  is  present  in  the  juice  of  Pinuslambertina^^yQ  in 
the  caoutchouc  from  Mateza  roritina  of  Madagascar. 

1-Inosite,  melting  at  238^,  [ajo  ==  — 55^t  from  quebrachite  by  means  of  hydriodic 
acid,  behaves  towa^  nitric  acid  just  like  i-inosite.  Quebrachite,  CgHg(0H)50CH„ 
melting  at  186**,  [a]D  =  — 80®,  occurs  in  the  quebracho-bark. 

Phenose,  CfHf(OH0)  (?),  is  an  amorphous,  readily  soluble  substance,  deliquescing  in 
the  air.  It  has  a  sweet  taste  and  reduces  Fehling's  solution,  but  is  not  capable  of  fermenta- 
tion.    It  has  been  obtained  by  the  action  of  a  soda  solution  (A.  136,  323)  upon  the 

f  CI 
addition  product  of  benzene  with  three  molecules  of  hypochlorous  acid,  CjH,  I  {Av{\  . 

Ring  alcohols  of  Tetrahydrobmzene  :  Tetrahydrophenol,  [A,-Cyclohexenol],* 
//CH  —  CH,  V 
CH^  )CHOH,  boiling  at  163®,  is  formed  when  p-iodcyclohexanol  (p. 

^CH,  —  CH/ 
291)  is  distilled  with  quinoline. 


3.    RING-AMINES  OP   THE   HYDROAROMATIC   HYDROCARBONS 

have  been  obtained  by  the  reduction  of  the  corres[>onding  oximes  with  sodium  in  alco- 
holic solution.  The  ring-amines  of  the  terpane  and  menthane  groups,  discussed  under 
the  terpenes,  belong  in  this  class.  Amidohezamethylene,  C^Hj^NH,,  is  isomeric  with 
the  methyl  piperidines.     It  boils  at  133^,  smells  like  conilne,  and  dissolves  sparingly  in 


*  A  indicates  a  double  union  ;  the  added  number  (in  this  case  ^)  that  this  carbon  atom  3  is 
doubly  linked  to  the  carbon  atom  4. 
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water.  Iti  acet-derievaiwe  melts  at  104**-  The  bemoyi  tompmmd  mehi  at  147^.  Tlie 
phenylurea  derivative  melts  at  180^.    HYit  pkemylthumrta  body  melU  at  147®. 

oDUmidohezAixiethylene,  0^11,0  [i,2](NH,),,  is  an  oil,  boiling  at  I83-I85^  It 
resalts  when  the  amide  of  hexahydroantliranilic  acid  ^p.  300)  b  treated  with  sodioB 
hypobromite  and  then  with  hydrochloric  acid.  Like  the  aromatic  o-diamines,  it  nnilcf 
with  benxaldehydes,  forming  aldehydines  (p.  95)  (A.  sgs.  187). 

m-Diamidohezamethylene,  boiling  at  193®,  smells  like  elhylenediamine.  It  is 
soluble  in  water.  Nitrous  acid  decomposes  it  into  nitrogen  and  dibydrobeniene  (A.  228, 
39).     The  Jiacet- compound  melts  at  256^. 

p-Diamidohexamethylene,  C^H,9[i,4](NH,)„  is  a  liquid  (B.  97,  1449). 


4.  RINO-KBTONES  OP  THE  HYDROAROMATIC  HYDROCARBONS. 

ia)  Ring-ketones  of  Hezahydrobenzenes. — Pimelin   Ketone,  [Cydohezanon], 

KetohexamethyUne,  CH,<J:{J«__^[J«>CO,  boiling  at  I55<»,  is  an  oil  with  an  odor  like 

peppermint.  It  results  (i)  by  the  oxidation  of  hezahydrophenol  (p.  294) ;  (2)  in  the  re- 
duction of  phenol  with  alternating  currents ;  (3)  in  the  distillation  of  calcium  n-pimelinale 
(I)  455)-  Upon  reduction  it  yields  [cyclohexanol]  (p.  294)*  while  nitric  acid  oxidizes  it 
to  adipic  acid  (I,  455).  Its  oxime  melts  at  88®.  Its  pkmylkydrazone^  melting  at  74- 
77®,  when  acted  upon  by  mineral  acids  loses  ammonia  and  passes  into  tetrahydrocarbt- 
zole  (see  this)  (A.  278,  100^. 

A  series  of  alkylic  keto-hexamethylenes  has  been  obtained  from  the  alkylic  pimelic 
acids : 

2,  3,  4-Methylketohexamethylene8  boil  at  166®,  164**,  and  163-165**;  2,6- 
Dimethyl-  and  2,6-Diethylketohexamethylene8  boil  at  163°  and  206°;  2,4.5- 
Trimethylketohexamethylene  boils  at  191°  (H.  28,  1341,  2944;  29,  731 ;  A.  29s, 
186).  3-Methylketohexamethylene  has  also  been  prepared  in  other  ways.  It  re- 
sults from  the  oxidation  of  3-methylketohexahydrophenol  with  a  chromic  acid  mixture; 
the  latter  Ixxly  is  produced  in  the  reduction  of  synthetic  3-methylcycloketohexene  (p. 
298).  It  also  api)ears  in  an  optically  active,  d ex tro- gyrating  modification  by  the  dccom- 
positiofv  of  pulegon  (see  this),  and,  finally,  in  the  decomposition  of  isopulegon  (see  this) 
(B.  30,  23).  A  3,5,5  Trimethylketohexamethylene,  boiling  at  189°,  is  Dihydro 
acetophorone.  It  is  formed  when  chromic  acid  oxidizes  dihydroisoacetoi^horol,  a  reduc- 
tion product  derived  from  isoacetophorone. 

Similarly,  3,5-Methylisopropylketohezamethylene,  sym.  Afenthone^  boiling  it 
222*^,  is  obtained  by  the  oxidation  of  the  corresponding  alcohol. 


Diketohexamethylenes^   Cyclohexandiones. 

Theory  predicts  three  isomeric  diketohexametbylenes,  two  of  which  — <lihydrore5or- 
cinol  and  tetrahydroquinone — are  known.  Dihydroresorcinol  possesses  the  character 
of  a  feeble  base,  and  is  therefore  to  be  viewed  probably  as  a  ring-shaped,  unsaturated 
ketone  alcohol. 

Dihydroresorcinol,  l^yCyclohexandion,  m-Dikctohexamethylene, 
^, ,      CH, .  CO  CH, .  CO ^ 

""^CH  CO^^"' ^'  ^"*^CH  c(OH)^^"'"*^'^'^'^^^*'*^™^'^'''"*^'°*" 
106°.  It  is  produced  upon  introducmg  pure  sodium  amalgam  into  a  boiling  aqueous 
resorcinol  solution  while  carbon  dioxide  is  being  conducted  into  it.  It  may  be  synthesized 
by  the  condensation  of  y-acetylbutyric  ester  with  sodium  ethylate  (p.  44).  Dihydro- 
resorcinol dissolves  readily  in  water,  alcohol,  and  chloroform,  but  with  difficulty  in  ether. 
When  heated  to  150-160®  with  baryta-water  it  is  decom]x>sed  so  as  to  form  >-acetyl- 
butyric  acid,  and  when  oxidized  it  yields  glutaric  acid  and  carbon  dioxide  (A.  294,  269). 
It  reacts  acid  and  decomposes  the  alkali  and  alkaline  earth  carbonates.  It  also  forms  a 
dioxime,  C8Hg(NOH),  -f  2H,0.     This  melts  at  154-157**  when  it  is  anhydrous;  when 
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reduced  it  becomes  m-diamidohexamethylene.  m-Dioxyhexahydrotsophtlialo-nitrile  (p. 
304)  (A.  278,  20)  b  fonned  by  adding  pnissic  acid  to  dihydroresorcinol. 

Homologues  of  dihydroresorcinol  are  similarly  formed  in  the  condensation  of  like 
^ketooe-carboxylic  esters,  as,  for  example,  in  the  addition  of  malonic  esters  to  alkylidene- 
•cetoacetic  ester.  When  the  latter  is  condensed  with  malonic  ester  through  the  agency 
of  sodium  ethylate,  and  the  product  then  saponified,  carbon  dioxide  is  eliminated  and 
there  results  methyldihydroresorcinol,  melting  at  126°  (A.  289,  137  ;  294,  253) : 

CH,  CH, 

CO,RCH  .  iH .  CH .  CX),R >-  CO,R  .  CH  .  in  .  CH  .  CO,R 

io  .  CH,  iOjR  60  .  CH,  .60 

Phenyldihydroresorcinol  melts  at  184^  with  decomposition.  Dimethyldihydro- 
resorcinol,  (CH,),C :  [CH, .  CO], :  CH„  melts  at  150°. 

The  homologous  dihydroresorcipols  react  like  simple  dihydroresorcinol,  both  as  dike- 
tones  and  as  unsaturated  oxyketones. 

Tetrahydroquinone,  [if^Cyc/oA^xani/ion'],  ^Diketohexamethylene^ 

CO^C^^Li'^CJL^^^*  melting  at  78°,  results  upon  saponifying  succino-succinic 
ester  with  concentrated  sulphuric  acid,  when  it  loses  carbon  dioxide  (Baeyer,  see  p. 
291),  or  when  the  same  body  is  boiled  with  aqueous-alcoholic  hydrochloric  acid  (private 
communication  from  R.  Stolid).  It  unites  with  sodium  bisulphite  to  a  dioxime,  melting 
at  192^  ;  compare  p-diamidohexamethylene.  It  forms  quint te  (p.  294)  upon  reduction ; 
see  idso  o-dioxyhexahydroterephthalic  acid  (p.  304). 

p-Dimethyl-p-diketohexamethylene,  \2,s-Dimtthyl-iy^-cyclohexafuiion],  melting 
at  93®,  is  obtained  from  p-dimethylsuccino-succinic  ester  (B.  25,  2122). 

[Cyclohexantrioms.l  Phlorogiucin  yields  derivatives  which  can  be  deduced  from  the 
formula  of  1,3,5-trioxybenzene,  and  others  which  can  be  obtained  from  the  formula  of 
1,3,5-triketohexamethylene.  It  was  discussed  at  the  conclusion  of  pyrogallol  and  oxy- 
hydroquinone  (pp.  164,  165),  as  were  the  hexa-alkyl  derivatives  of  phlorogiucin. 

Triquinoyly  C-Oj  -f  8H,0  (p.  17 1),  described  with  the  quinones,  js  probably  hexa- 
ketohexamethylene. 

Halogen  Substitution  Products  of  the  Ring-ketones  of  Hexahydrobenzene. — These  are 
formed  in  the  continuous  action  of  chlorine  and  bromine  upon  phenols,  quinones  and 
oxyquinones.  Several  of  the  keto -chlorides  can  be  readily  rearranged  into  halogen  keto- 
pentene  derivatives,  and  be  decomposed  into  highly  chlorinated  fatty  bodies :  ketones, 
ketooic  acids,  and  fatty  acids  (pp.  44-47)* 

H eptachlor-resorcinol,  \^Heptachlor- 1 ,  ycyclohexandion"] , 

CHCl<™j'~^Q>CCl,,  melting  at  50®  and  boiling  at  170®  (25  mm.),  is  produced  in 
the  action  of  chlorine  upon  resorcinol  in  chloroform  (B.  24,  912).      Decomposition, 

p.  45. 

Quinone  Tetrabromide,  [2^'^y$f6-Tetrabromcyclohexandion'], 

^^"^CHBr  CHB^^^  (P*  '^^)*     Hexachlortriketo-R-bexylene,  [Hexaehlori.z.S- 

po cc\ 

ryclokexanirion^,  ^^<CO  — CCI '^^^*  melting  at  48<»  and  boiling  at  268®  (760  mm.), 

150®  (19  mm.),  results  from  the  action  of  chlorine  upon  phlorogiucin  in  chloroform  solu- 
tkm  (B.  22,  1473).     Decomposition — see  p.  44. 

CO  —  CBr.v 
Pentmbromdiketo-ozy-R-hezene   Hydrate,  CBr,<  '  ^C .  OH -|- H,0, 

melts  at  1 19^  with  decomposition.    It  is  produced  when  bromine  in  water  acts  upon 
phlorogiucin.     It  forms  amber-yellow-colored  crystals.     It  is  a  strong  acid. 
Hezabrointriketo-R-bezylene,  C.Br.O,,  melts  at  l^^^  (B.  23,  1729). 

Tri-  and  Tetrachlortetraketohezamethylene,  CC1,<^q_^q>CC1,,  melt  at 

150**  with  decompodtioD,  and  at  60^.    They  are  obtained  from  c^loianilic  acid  axvd 
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chlorine.    The  corresponding  bromine  deriTatiTCS  are  made  from  branunilic  add  (B.  ^ 

»45). 

b.  Ring-ketonea  Irom  the  Tetrahydiobenseneacaabesynthesued  l^oondeoi- 
ing  acetoacetic  ester,  acetone  dicarboxjlic  ester,  and  analogoos  compounds  with  alde- 
hj^e  iodides,  like  methylene  iodide,  or  with  aldehydes  in  the  presence  of  small  qoaatitiei 
of  bases,  snch  as  diethylamine  or  piperidine,  to  1,5-dikeCooe-carboxjlic  esteis— r./., 
methylene-,  ethidene-,  isobutylidenediacetoacetic  ester  and  naethylenebisacetonedictf- 
boxylic  ester.  When  the  latter  are  treated  with  hydrochloric  aad  in  ether,  they  6nt 
form  a  ring  and  become  carboxylic  esters  of  A,-keto-R-hezenes,  and  then,  when  aded 
upon  with  alkalies  or  dilute  acids,  are  saponified,  split  off  CX>|,  and  change  to  the  ketones 
themselves  (A.  aSg,  131) : 

CO,.  C,Hj.  CH.CO.cn,  CO,.C,H,.CH  .C.CH,  CH,.C.CH, 

<!:h,  "'"*^>  *(!h,  ch     >-(!:h,  ch 

CO,. c,H,. CH . CO.  CH,  CO,. c,h,.<!:h  . io  iH,.(!x) 

3-Methyl-A,-keto-R-bezene,  boiling  at  200^,  is  a  mobile  liquid  with  an  agreetble 
odor.  Its  bromine  addition  product  decomposes  spontaneously  into  HBr  and  m-aesoL 
Its  oxime  melts  at  63^  and  boils  at  130^'  (18  mm.)  (A.  a88, 355). 

3,5-Dimethyl-A,-keto-R-hezene  boils  at  211^.  Its  dibrcmude  changes  quite  reidily 
into  sym.  xylenol  (p.  144)  (A.  a8i,  121). 

3,5,5-Trimetbyl-A,keto-R-hezene,  Isoacetophorone,  Isefpkoromt. 
/CH,.CO\ 
(CH,),C<^                ^H        ,  boiling  at  89*>(  10 mm.),  is  produced  in  the  condemirtoD 
xCH, .  C  —^ Cxi, 

of  mesityl  oxide  with  acetoacetic  ester,  saponification,  and  elimination  of  caibon  dioride 
from  the  carboxylic  ester  formed  at  first.  It  also  results  from  the  condensation  of  acetone 
by  means  of  lime  or  sodium  ethylate.  It  is  isomeric  with  phorone  (i,  221),  campbor- 
phorone  (see  this),  and  isocamphorone  (see  this).  Upon  reduction  with  sodium  and  alcohol 
ii  forms  dihydroisophorol,  C,H„(OH),  which  by  loss  of  water  becomes  trimethylcyclo- 
hexene,  and  by  the  reduction  of  its  iodide  yields  trimeihylcycloktxane.  When  oxidiied 
with  potassium  pcTmanganate  the  ring  is  ruptured  and  various  acids  result:  C^Hu^o 
C^l  li|0,,  and  finally  C^ HjoO^,  unsym.  dimethylsuccinic  acid  (private  communication  from 
J.  Bredt  and  RUbel,  and  E.  Kudvenagel ;  compare  A.  290,  123). 

3-Methyl-5-isopropyl-A,-keto-R-bexene,  CjH^ .  CH<;^       '  *  ^^CH,  boils  at 

\CH, .  C(CH,)''''^ 
244°.     Its  dibromide  passes  readily  into  sym.  carvacrol  (p.   145)  (B.  26,  10S9;  37, 
2347  ;  A.  288,  357). 

3-Methyl-5-isobutyl-  and  3-methyl-5-hezyl-A,-keto-R-hezene  boil  at  147°  and  at 
1670  (22  mm.)  (B.  288,  336,  344). 

Those  chemists  who  consider  the  quinones  to  be  ketones  regard  rhodizonic  acid  (p. 
171)  as  a  tetraketotetrahydrobenzene  derivative. 

Halogen  substitution  products  of  ring-ketones  of  tetrahydrobenzenes  result  when 
chlorine  acts  upon  phenols,  anilines,  oxybenzoic  acids,  etc.  They  can  be  very  readily 
torn  asunder  (pp.  44-47). 

•ca  =  ca  V 

Heptacblorketotetrahydrobenzenes,  CCl,^  ^CO  and 

\CHC1  .  CCl-/^ 

^^,^CC1 CCLv 

CC1<^  pCO,  the  a-body  melting  at  98<»  and  the  /^-modification  at  80°, 

result  from  the  action  of  chlorine  upon  m-chloraniline  (B.  27,  547). 

ycci  =  ca  V 

Octocblorketotetrabydrobenzene,   CCl,^  /CO,  or 

^^,x?CCl CC1,\ 

CC1<^         ^  y  CO,  melting  at  103°,  result  from  the  action  of  chlorine  upon  pcnti- 

chlorphenol  in  glacial  acetic  acid,  and  from  perchlor-m-oxybenxoic  acid.  Reducing 
agents  change  it  into  pentachlorphenol  (B.  27,  550). 
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CC]  CD 

Hexmchlor-o-diketoR-hezene,  CC1,<^q«^  CCl^^^  ^"  ^"a^'  ™*^^^  *^  93**  ^^^ 

decomposition.  It  is  formed  when  chlorine  acts  upon  pyrocatechol  and  o-amidophenol 
chlorfaydnte  dissolved  in  acetic  acid.  Stannous  chloride  reduces  it  to  cyclobenzoquinone 
(p.  167).  See  p.  44  for  its  decomposition  and  conversion  into  a  cyclopentene  de- 
nrative.  Homologous  o-diketochlorides  have  been  obtained  from  odiamidomethyl 
benzenes  (B.  27,  560). 

.CO  —  CCL\ 
PenUchlor-m-diketo-R-hezene,  CC1<^  rr\/^^*  melting  at  92°  and  boil 

ing  at  160^  (25  mm.),  results  when  chlorine  acts  upon  resorcinol  in  chloroform  (B.  23, 
3777).     See  p.  45  for  its  decomposition. 

/CO— CCLv 
Hezachlormdiketo-R-hezene,  CCl,^  ^CO,  melting  at  115°  and  boil- 

ing at  159^  (14  mm.),  is  produced  when  chlorine  acts  upon  3,5-dioxybenzoic  acid  dis- 
solved in  glacial  acetic  acid  (B.  25,  2688). 

Heiachlor-pdiketo-R-bexene,  CO<^q«~^^}«>CO,  melting  at  89°  and  boiling 

at  184^  (45  mm.),  is  formed  when  chlorine  acts  upon  p-amidophenol  hydrochloride  in 
glacial  acetic  acid  (A.  267,  16).     See  p.  45  for  its  decomposition. 

c.  Ring-ketones  of  the  Dihydrobenzenes. — There  are  two  possible  dihydrobcn- 
zeneSy  and  from  each  one  mono-ketone  can  be  obtained.     Both  bodies  are  not  vet  known, 

^H  —  CCL\  yCU  =  CClv 

but  in  tetrtuMorketodihydrohenune,  CCl^^^  ^  CCl  /^^'  ""'  ^^"\CH  =  CCl/ ^^' 

yCCl  =  CCl\ 
melting  at  122®,  and  in  kexachlorketodihydrobenzene^  ^^^"Cr-r-i      n       y^^»   nielting 

at  106^,  we  have  chlorine  derivatives  of  one  or  of  both  ketodihydrobenzenes.  The  first 
body  is  formed  from  trichlorphenol  and  chlorine,  and  the  second,  most  conveniently,  by 
beating  (B.  27,  546)  the  heptachlorketotetrahydrobenzene,  melting  at  98°,  and  by  treat- 
ing phenol,  anisol,  and  pentachloraniline  with  chlorine  (U.  28,  R.  63). 

Carvone,  described  after  the  terpenes,  is  very  probably  a  ketodihydro-p-cymene. 

Each  of  the  possible  dihydrobenzenes  also  yields  a  diketone  : 

y-C\\  —  CH.x  /CH  =  CHv 

^"\CII  =  CH  /^"*  o-Dihydrobenzene  CH,/ ^^  ^  CH/^"'  p  Dihydrobenzenc 

y<Q\\  —  CO  V  oBenzoquinone,  ^CH  =  CH\  p-Benzoquinone, 

CH^  ^iT/^0    o-Dikelodihydro-       CO^^  n^/^^  p-Diketodihydro- 

\CH  =  CH/  benzene.  ^^H  =  CHX  benzene. 

If  the  diketone  formula  is  preferred  for  the  benzoquinones,  previously  discussed  with 
the  phenols  (pp.  166-175),  then  p-benzoquinone  is  p-diketodihydrobenzene,  and  its  numer- 
ous derivatives  are  also  deducible  from  the  latter  compound.  o-Benzoquinone  would  be 
o-diketodihydrobenzene.  It  is  only  known  in  its  tetrahaloid  substitution  products,  which 
were  discussed  under  the  benzoquinones  before  the  para-quinones. 


5.  HYDROAROMATIC  CARBOXYLIC  ACIDS. 

Attached  to  the  hydroaromatic  hydrocarbons,  ring-alcohols,  ring- 
amines,  and  ring-ketones  are  numerous  hydroaromatic  carboxylic  acids, 
their  corresponding  hydroaromatic  alcohols,  aldehydes,  and  ketones, 
which,  however,  have  only  been  prepared  in  very  special  cases.  In  addi- 
tion to  the  simple  carboxylic  acids,  oxy-  and  keto-carboxylic  acids  are 
also  known.  Shikimic  and  quinic  acids  belong  to  the  first  class  (p.  301), 
while  in  the  second  class  we  find  succino-succinic  ester  (^p.  ^o^"^  ^icv^ 
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other  important  ketone-carboxylic  esters^  which  are  of  great  vdne  in  the 
synthesis  of  the  simple  hydroaromatic  deriyatives  (p.  509). 

I.  HYDROAROMATIC  MOMOCARBOXTUC  ACOM. 

A  (I).  HezmhydfobenM^  Acids,  HezamethjleiM  Cm^boMfUcAiddM^MffMmk 
Aadi,  have  been  obuined  Uy  the  rednction  of  boiliii^  ■inyl  or  c^xrl  akohol  ttkmmd 
benzoic  add  and  its  homologues  with  metallic  ■odmin,  or  by  lednciog  the  loWoo  cf 


sodinm  benzoate  with  sodinm  in  an  atmoiphere  of  001(8.  Mt  l86S»  4t  335^  So 
far  as  present  experience  wanranu  they  are  isomeric  and  not  identiciil  (£  ay,  K  19S1 
197)  with  the  '*  natural  naphthenic  acids  **  oocniring  in  the  oil  which  aiDei  kom  the 
earth  in  and  aboot  Bakn.  Just  as  fatty  adds  have  bm  prapared  from  maloaic  addh  m 
hexamethylene  monocarbozylic  adds  have  been  obtained  by  heatiiig  heiamethylae*!,!' 
dicarbozylic  acids  (p.  502).    The  latter  bodies  have  beenpfeparcd  syndietiowy. 

The  hezamethylenecarboxylic  adds  are  weak  adds.  Tney  are  redpced,  wimi  hated 
with  hydriodic  add,  to  hexahydroaromatic  hydrocaibons  ntfkihimet^  containiBa  a  Utt 
number  of  C-atoms  in  the  molecule.     Hence  they  are  also  designated  as  mmpMimk  mAl 


Hezahydrobensoic  Acid,  NapkihmU  Acid,  C;H„ .  CQ,H,  meltiiv  al  98*  aii  boil- 
ing at  232^,  results  from  the  reduction  of  benaoic  acia  (see  this),  A,-tetiafaydnibeuaic  . 
acid  (A.  271,  261),  p-dimethylamidobensoic  add  (B.  ty,  3829),  and  cydohesnol-I-ctf- 
boxylic  add  (B.  27,  1231) ;  also  by  heating  hezamethylene- 1, 1 -dicM UnyUc  add.  The 
caUimm  salt,  (C,H,.0,),Ca  +  5H,0.  The  mMyi  uOr  boib  at  l8a*.  The  iti^  iOer 
boils  at  194^,  and  the  amuie  mdu  at  185^. 

Hexakydriho-tohtU  Acid  melts  at  5 1*  and  boils  at  241®. 

Hexakydro-mrtoluic  Acid  is  a  liqmd,  boiling  at  245^. 
a-Hexahydrth'^tolmc  Acid  melts  at  1 10*  and  boils  st  246*. 
P-//cxaAydrO'p-fo/uic  Acid  is  a  liquid. 

These  four  acids  have  been  obtained  by  the  rednction  of  the  three  tolnic  adds  fj.  pr. 
Ch.  [2],  49, 65  ;  B.  27,  K.  195).  The  last  acid  was  also  obtained  by  redudng  A,-dibroiD- 
tetrahydrotoluic  acid,  the  addition  product  of  2HBr  to  p-methylenedihydrobensoic  sdd 
(see  this)  (A.  280,  156),  and  hexahydro-o-toluic  acid  also  from  2-methylhezamediyleoe' 
i,i-dicarlx)xylic  acid  (p.  302),  and  from  2-methyl-i-acetylhezamethylene-carl>cixyUc 
ester  (p.  302). 

a-Monobrombezahydrobenzoic  Acid,  melting  at  63^,  and  a-Monobromheza- 
hydro-p-toluic  Acid,  melting  at  71^,  are  produced  by  acting  with  brcnnine  npon  the 
chlorides  of  the  corresponding  bexahydro-acids. 

Hezahydroanthranilic  Acid,  o-Amidokexahydro6fnMoic  Acid,  NH,[2]C^H,^.  CO,H, 
melts  with  decom[>osition  at  274°.  It  is  formed  along  with  pimelic  and  hezahydrobenioic 
acids  in  the  reduction  of  anthranilic  acid  (B.  27,  2470;  A.  295,  187).  Hezmhydro- 
p-dimethylamidobenzoic  Acid  (B.  27,  2831). 

Derivatives  of  o-amidohexahydrophenylacetic  add  and  propionic  add  result  in  oxid- 
izing dekahydroquinoline  compounds  with  potassium  permanganate. 

PIT     cH 

Octobydrocarbo8t)rril,  CjH|o  I       ' '  I     *  melting  at  151**,  is  poisonoos  (B.  27, 

>472). 

A  (2).  Tetrahydrobenzoic  Acida  can  be  obtained  from  the  a-monobromhezahydro- 
acids  (see  above)  by  splitting  off  HBr  with  alkalies,  or  by  means  of  quinoline  (A.  271, 
207  ;  280, 163),  and  also  by  the  reduction  of  the  benzoic  adds  and  dihydrdbenzoic  adds 
(B.  26,457). 

Ai-Tetrahydrobenzoic  Acid,  CH,^  ' '  PH*/^'  ^i^*  ^  fanned  from  «- 
bromhexahydrobenzoic  acid  and  from  A4,6-dihydrobenzoic  add. 

Aj-Tetrahydrobenzoic  Acid,  BenzoMnic  Acid,  CH,<^2  ZcH  >^^*^^"' 
is  a  liquid  boiling  at  234^  (A.  271,  234 ;  B.  27,  2471).    It  is  formed  from  benzoic  add. 
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^-Tetrahydro-p-toluic  Acid  melts  at  132^. 

laogeranic  Acid,  CH^^"'^^^^"'^'^CH .  CO.H  (?),  melting  at   103°  and 
\CHj  —  C(CHj)j  / 
booing  at  13S®  (11  mm.),  results  when  geranic  acid  (i,  289 ;  11,  310)  is  acted  upon  with 
ooocentrated  sulphuric  acid  (B.  27,  R.  768). 

A  (3).  Dihydrobenxoic  Acids. — A4,6-Dihydrobenzoic  Acid, 

CH^^      '         ^C .  CO,H,  melting  at  94®,  is  produced  in  the  oxidation  of  dihydro- 

hnnaldehydi^  boiling  at  121-122^,  with  silver  oxide.  The  latter  body  is  formed  by  de- 
composing anhydroecgonine-dibromide  with  sodium  carbonate  (B.  26,  454).  A  differ- 
ent dihjrdrobenzoic  acid,  melting  at  73®,  is  obtained  from  A^-tetrahydrobenzoic  acid 
dibiomide  (B.  24,  2622).  Dihydrocumic  Acid,  ^hopropyldihydrobenzoic  Acid^ 
C^Hf(C,HY)COOH,  melting  at  130-133^,  is  formed  when  nopic  acid,  an  oxidation 
product  of  turpentine  oil  (see  this),  is  boiled  with  sulphuric  acid  (B.  29,  1926). 

B.  Hezahydro-ozybenzoic  Acids.— a-Ozybezamethylene  Carbozylic  Acid, 
nfOxykexahydrobemoic Acid^  Cyclohexanol-l-carboxylic Acid^  ^^ ^2\cH*-Ch!/^\OH  ' 
iBelting  at  106^,  is  formed  when  cyclohexanon  (p.  296)  in  ether  is  treated  with  prussic 
and  hydrochloric  acids ;  see  also  hexahydrobenzoic  acid. 

Hezahydrosalicylic  Acid,  (^-)  Hexahydro-o-oxybenzoic  Acid^ 
CH,<^JJ»  •  ^pJ^^^>CH .  CO,H,  melting  at   1 11°,   results  when  nitrous  acid  acts 

upon  hexahydroanthranilic  acid  and  by  reducing  /J-ketohexamethylene-carboxylic  ester 
(B.  27,  2472,  2476). 

Hezahydro-m-ozybenzoic  Acid,  melting  at  132°,  is  obtained  by  the  reduction  of 
m-oxybenzoic  acid  with  sodium  in  ethyl  alcohol  (B.  29,  R.  549). 

Hezahydro-diozybenzoic  Acid  is  obtained  from  Aj-bromhexahydrobenzoic  acid 
(A.  271.  280)- 

Dihydroshikimic  Acid,  Hexahydrotrioxybenzoic  Acidy  (HO)jCgH8 .  CO,H,  melting 
at  175^,  results  when  shikimic  acid  is  reduced  with  sodium  amalgam.  Corresponding 
to  it  is  Dibromshikimic  Acid,  (HO),CQll0Br, .  CO,H,  which  upon  evaporation  with 
water  changes  to  a  brom-lactone ^  C^H^BrOj,  melting  at  235°. 

Quinic  Acid,  Hexahydrotetraoxybenzoic  Acid^  (HO)^  .  CjII^  .  CO,lI,  melting  at 
162^,  optically  active,  is  present  in  the  cinchona  barks,  in  coffee  beans,  in  bilberry,  and 
in  many  other  plants.  It  is  obtained  as  a  secondary  product  in  the  preparation  of  qui- 
nine \rf  extracting  the  quinia  bark.  When  its  calcium  salt  has  been  purified  by  recrys- 
tallization  the  acid  is  liberated  by  oxalic  acid.  Upon  distillation  the  acid  breaks  down 
into  phenol,  hydroquinone,  benzoic  acid,  and  salicylaldebyde.  When  boiled  with  water 
and  lead  peroxide  it  changes  to  hydroquinone,  while  manganese  peroxide  and  sulphuric 
acid  convert  it  into  quinone  (p.  167).  Protocatechuic  acid  is  formed  when  it  is  melted 
with  caustic  potash  or  soda  (p.  227).  Ferments  decompose  calcium  quinate  into  proto- 
catechaic  add.  If  the  fermentation  takes  place  with  air  exclusion  the  products  are  formic 
acid,  acetic  acid,  and  propionic  acid.  Quinic  acid  is  reduced  by  hydriodic  acid  to  ben- 
zoic acid.  The  calcium  salt  has  the  formula  (CjHj,Og),Ca  -f-  ioH,0.  The  tetracetyl- 
ethyl  ester,  aHj(0.  COCH,)^.  COjC^H^,  melts  at  135°  (B.  22,  1462^. 

Inactive  Quinic  Acid  is  produced  when  its  lactone,  quinide,  is  boiled  with  milk  of 
Be.     Calcium  salt,  (C^H.iO«),Ca  -f  4H,0. 

Qoinide,  C^HioO^,  melting  at  198^,  optically  inactive,  results  upon  heating  ordi- 
nary optically  active  quinic  acid  to  220-240^  (B.  24,  1296). 

Diozydihydroshikimic  Acid,  Hexahydro-pentaoxy benzoic  Acid,  (HO^gC^H^.  CO,H, 
melts  at  156^  with  the  elimination  of  water.  It  is  optically  inactive  and  is  obtamed  from 
tbe  brom-lactone,  melting  at  235**,  which  is  formed  in  the  action  of  baryta- water  (B.  24, 
1294)  npon  dibromshikimic  acid  (see  above). 

Shikimic  Acid,  Trioj^tefrahydrobenzaic  Acid,  (H0)8C,Hj .  CO,H,  melting  at  i84<», 
occnn  in  tbe  fruit  of  nlicium  reliffiosum  (see  shikimol,  p.  270).  Its  transposition 
pfodocts,  dihydro-  and  dioxydihydrosbikimic  acids,  have  been  previously  described. 

C.  Ketohydfomonocarbozylic  Acids.— ^o-)  /3-Ketobezamethylene  Cacbox^Vv^ 
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CI  I     CO 
Ester,  <^Il3<cil    CH  ^^'^  '  CO,R,  is  formed  when  pimelic  acid  ester  is  hetted  with 

sodium  and  alcohol  (H.  27,  I03). 

(m)  jKetohexamethylcne  CarbozyUc  Acid,  CH,<^2'  ^^  >CH  .  CO,H,  is 

produced  when  tctrahydrooxyterephthalic  acid  is  heated  to  115®,  or  boiled  with  witer, 
or  when  in-oxyhexahydn)benzoic  acid,  in  the  form  of  its  ester,  is  oxidised  with  sodium 
bichromate  (H.  29,  R.  550). 

2-Methyl-i-acetylhezamethylene  Carbozylic  Ester, 

CI I.<^[{'  "el { ^^ ' ^'^>^<C^*^al*'  "  o*^*in«d  from  methylpentamethylene  dibro- 
mide  and  sodium  acetoacetic  ester.  On  )x>iling  with  alcoholic  potash  it  breaks  down 
into  2-methylhexamethylene  carboxylic  acid,  or  hexahydro-o-toluic  acid  (p.  300)  ud 
methylhezamethylenemethyl  ketone,  ^Methylktxahydroacetophen&nt^  boiliog  at 
197-200°  (13.  ax,  737). 

3-MethylA,-keto-K-hezene-6-carbozylic  Ester, 

151°  (22  mm.),  is  produced  from  the  interaction  of  methylene  iodide  and  acetoacetic 
ester  in  a  form  soluble  in  alkali  and  a  form  insoluble  in  alkali  (keto-  and  hydroxjl  ?}. 
The  neutral  ester  is  changed  by  treatment  with  sodium  ethylate  in  ether  into  the  sodiom 
salt  of  the  ester  soluble  in  alkali.  Both  esters,  when  treated  with  sodium  alcoholate  sod 
isopropyl  iodide,  yield — 

T^^dMfthylisopropyl'Xfketo-^-hexetu-d'Carhoxylic  es/er,  boiling  at  158®  (18  mm.). 
The  corres|X)nding  keto-R-hexene  (p.  298)  (B.  30,  639)  is  obtained  from  this  ester  by 
saponification  and  the  splittiug-off  of  carbon  dioxide. 


a.  HYDROAROMATIC  DICARBOXYLIC  ACIDS. 

A.  Hexahydrodicarboxylic  Acids. — These  acids, depending  u{Km  the  position  of  the 
cail>oxyl  groups  with  reference  to  one  another,  show  the  deportment  of  dialkyl  malooic 
acids,  sym.  dialkylsucciiiic  acids,  sym.  a-dialkylglutaric  acids,  and  sym.  a-dialkjl- 
a<li[>ic  acids. 

Hexamethylene-i,i-dicarboxylic  ester  and  2-Methylhezamethylene-i,i-dicar- 
boxylic  ester  have  been  made  by  the  action  of  sodium  malonic  ester  upon  pentamethyl- 
cne  bromide  and  methyl -pentaniethylene  bromide.  The  free  acids,  when  heated,  split 
off  CO,  and  become  hexahydrobenzoic  acid  and  hexahydro-o-toluic  acid.     2-Metbyl- 

hexamethylene-i.i-dicarboxylic  Acid,  CH,<^[J«  *  ^|J(^^>C(CO,H)„  melts  at 

147®.  Ifexamethylene  dicarboxylic  acid  and  its  esters  appear  not  to  have  been  isolated 
as  yet  (H.  21,  735';  26,  2246). 

Hexahydrophthalic  Acids. — A.  Baeyer's  theory  (B.  23,  R.  577),  based  upon  the 
spacial  representations  of  van  t'lioff  as  to  the  union  of  the  C-atoms,  predicts  the  possi- 
bility of  geometrically  isomeric  hexahydrophthalic  acids.  The  latter  isomerism  is  due  to 
the  diOVrcnt  positions  occupied  by  the  carboxyls  relatively  to  the  plane  of  the  hcxa- 
nicthylene  rini:; :  hence  the  iscmierides  are  termed  cis  and  trans  forms. 

cis- Hexahydro-o-phthalic  Acid,  I , zllexamethyUnedicarboxylU  AnJ^ CgH,5(C0,H),, 
melts  at  192°  and  hiH7f//iy,/n'</t  melts  at  32°  and  boils  at  145®  (18  mm.)  ;  the  traiis- 
Hexahydro-o-phthalic  Acid  melts  at  215°  and  its  anhydride  at  140**.  They  arc  pro- 
<Uiced  together  when  A,-tetrahy<lro-o-phthalic  acid  is  reduced.  The  cis-acid  is  more 
solul)le  in  water  than  the  trans-acid.  The  anhydride  of  the  latter  is  converted  by  con- 
tinuous heating  at  210-220°  into  the  anhydride  of  the  cis-acid  (A.  258,  214). 

Hezahydro-isophthalic  Acids  are  produced  in  the  reduction  of  isophthalic  acid  and 
when  1,1,3,3-hexamethylenetetracarboxylic  acid  is  heated  to  200-220°.  The  calcium 
salt  of  the  cis-acid  is  more  sparingly  soluble.  Tlie  cis-acid^  melting  at  162°,  when 
heated  to  180°  with  hydrochloric  acid,  changes  in  part  to  the  trans-acid^  melting  at  i8S°. 
Both  acids,  with  acetyl  chloride,  yield  \\\q  acid  anhydride  ^  melting  at  119°  (B.  26,  R  721). 
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Hexahydroterephthalic  Acids  result  on  reducing  the  hydrobioraides  of  the  tetra- 
hjdroterephthalic  acids  in  glacial  acetic  acid  with  zinc-dust,  as  well  as  upon  heating 
hexiuiiethylene-i»l^,4-tetracarboxylic  acid  to  200-220°.  In  the  latter  case  the  trans- 
acid,  melting  at  200°,  predominates.  The  cis-acid,  melting  at  161°,  is  also  convertedl 
into  it  when  heated  with  hydrochloric  acid  to  180°.  As  far  as  concerns  solubility,  these 
three  pairs  of  hexahydrophthalic  acids  reduce  fumaric  and  maleic  acids.  They  are  also 
oooTertible  one  into  the  other  in  like  manner.  They  have  also  been  distinguished,  one 
firom  the  other,  as  malHnotd  and  fumarold  modiBcations. 

a-Brom-sul»titntion  products  of  these  acids  have  also  been  prepared  from  the  acid 
dilorides  by  treatment  with  bromine.  Brom-substituted  hexahydrocarboxylic  acids  have 
also  been  obtained  by  the  addition  of  hydrogen  bromide  and  bromine  to  the  correspond- 
ing tetra-  and  dihydrodicarboxylic  acids. 

B.  Tetrahydrodicarbozylic  Acids,  Teirahydro-o-phthalic  Acids. — Depending  upon 
the  point  of  double  union  there  are,  theoretically  speaking,  four  structurally  isomeric 
bodies.  The  two  modifications  in  which  neither  of  the  two  CO^H-groups  are  attached 
to  a  doubly  combined  C-atom  permit  of  a  stereoisomeric  modification  each. 

«       ^    .  .  ,.         .     CH,.CH,.C.CO,H 

^.-Tetrahydio-o-phthalic  Acid,  1  n  ,   meltmg  at   120°  and    its 

CH, .  CH, .  C .  CO,H 
tmkydride  at  74°,  is  formed  when  hydropyromellitic  acid  is  distilled  (p.  307).    Potassium 
permanganate  decomposes  it  into  a^pic  acid  (A.  166,  346 ;  258,  203}. 

^       ^   .  .  .    CH,  .  CH  =  C.CO,H 

Aj-Tctrahydro-o-phthaUc  Acid,  ^^  __^^  __^^    ^^  ^,  melting  at  2150  and 

Its  anhydride  at  78°,  has  been  obtained  by  the  decomposition  of  sedanonic  acid  (B.  30, 
503).  It  is  also  formed  on  boiling  the  Aj-acid  with  caustic  [>otash,  when  the  double 
union  is  shifted,  and   by  the  reduction  of  phthalic  acid  or  A^j^-dihydrophthalic  acid 

CH— CH,  — CH  .  CO,H 
together  with  trans- A.-Tetrahydroo-phthalic  Acid,  n  1  ,  melting 

CH  .  CH,  .  CH .  CO,H 
at  216°  and  its  anhydride  at  140®.     Acetyl  chloride  separates  it  from  the  A,-acid.     This 
reaigent  converts  it  alone  into  its  corresponding  anhydride  (A.  258,  211). 

cis-A^-Tetrahydro-o- phthalic  Acid  melts  at  174°.  It  is  produced  when  the 
A^,4-dihydro-acid  is  reduced,  as  well  as  from  its  anhydride^  melting  at  58®.  The  latter 
anhydride  is  formed  when  the  anhydride  of  the  trans- A.-acid  is  heated  (A.  269,  202). 

Tetrahydro'terephthalic  Acids  are  theoretically  possible  in  two  structurally  isomeric 
forms,  depending  upon  the  position  of  the  double  union ;  one  of  these  can  occur  in  two 
stereoisomeric  modifications. 

Aj-Tctrabydro-terepbthalic  Acid,  CO,H  .  CH<^"  ~^jj  >CH  .CO,H, is  pro- 
duced in  two  isomeric  modifications  by  the  reduction  of  A^^-  and  Ap^-dihydrotere- 
phthalic  acids.  The  trans-acid  melts  at  about  300°.  The  cis-acid  melts  at  150®.  The 
latter  is  much  more  readily  soluble  in  water  than  the  former.  Potassium  permanganate 
oxidizes  them  to  succinic  acid.  Boiling  sodium  hydrate  changes  the  two  acids,  like 
/3y-hydromuconic  acid,  into  a/3-hydromuconic  acid  (i,  467). 

A,-Tctrahydro-terephthalic    Acid,  CO,H  .  CH^       '"""        ^C.CO,H,    melts 

\CH,  —  CH,/ 
beyond  300®  and  sublimes  (A.  258,  7). 

C.  Dihydrocarboxylic  Acids. — Dihydro-o-phthalic  Acids  are  possible,  according  to 
the  position  of  the  double  union,  in  six  structurally  isomeric  forms,  one  of  which  can 
occnr  in  two  stereoisomeric  modifications. 

CH.CH,.C.CO,H. 

.CH,.C.CO,H 


A|,^-Dihydro-o-phthalic  Acid,  n     '       '     u         '     >  melting   at   153°   (its  anhy- 

CH.  " 


dride  at  134^),  is  produced  on  boiling  A,,^-dihydrophthalic  acid  with  acetic  anhydride 
(A.  S69,  204). 

CH  .  CH, .  CH  .  CO.H 
A^  .Dihydro-o-phthalic   Acid,    1  1  .melting  at  179°  (its  an- 

CH.CH.  C.CO,H 
hydride  at  105^),  is  produced  when  the  add  is  acted  upon  in  the  cold  with  a)».V\K.  %x2ql^- 
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dride.  The  acid  is  prodaced,  further,  oo  botling  A^fg-dihydro-o-phtlulic  add  dihjdiD- 
bromide  with  methyl  alcoholic  potash. 

CH     CH  •  C    CO  H 
A,^  Dihydro  o  phthalic    Acid,  ^^^  qH.  t   CXXH'  "^***  "t  2I5<»  and  its a«*r 

./r/i/f  nt  83^.  The  acid  results  by  reducing  phthalic  anhydride  with  sodium  amalgim  in 
alkaltue  solutiun,  and  by  boiling  the  A,,^-  and  A^^^-add  with  sodium  hydrate  (see  also 
B.  27.  3185)- 

CH:CH.CH.CO,H 

trans-Aj.j-Dihydrophthalic  Acid,  |.jj.^jj  ^jj  ^y.  melting  at  21o»,  b  pro- 
duced by  reducing  phthalic  anhydride  with  sodium  amalgam  in  acetic  add  solotioo. 

cis-A,,j-Dihydrophthalic  Acid  melts  at  174^.  Its  anhydride^  melting  at  99^,  ii 
formed  when  the  trans- A^^-acid  is  acted  upon  with  acetic  anhydride. 

Dthydroterephthalic  Acids. — Depending  upon  the  points  of  double  union,  there  are  four 
po;>bible  structural  isomerides.  One  of  these,  the  Astf'^i^*  appears  in  two  stereoisomeric 
forms.     All  the  modifications  are  known. 

A.,.-Dihydroterephthalic  Acid,  CO.H.Cf  ^C.CO.H,  is  prodaced 00 

digesting  a,a.-dibromhexahydroterephthalic  acid  and  A,  tetrahydroteiephthalic  add 
dibromide  with  alcoholic  potash  (A.  258,  23).    The  dinuthyl  ester  melts  at  85**. 

A,..Dibydroterephthalic  Acid,  CX>,H . Ct^  >C.  CO.H,  is  fonned  byre- 

(lucing  terephthalic  acid  with  sodium  amalgam,  by  boiling  the  isomeric  dihydrotere- 
phthalic  acids  with  sodium  hydrate  (A.  251,  272),  and  by  redudng  p  dichlor-A|,4-dihydio- 
tcrephthiilic  acid  witli  sodium  amalgam  (B.  22,  2112). 

The  dimtthyl  ester  melts  at  130°. 

p  Dichlor  Ap^dihydroterephthalic  Acid,  C^HgCl,0^,  melts  at  272-275°  with  decom- 
IH>sitioii.     It  results  u|)on  treating  succino-succinic  ester  with  PCI5  (B.  22,  2106). 

Api^-Dihydroterephthalic  Acid  results  on  boiling  trans-A^.^-dihydroterephthalic 
acid  with  soilium  hydroxide;  the  dimethyl  «/^r resinifies  on  exposure  to  the  air  (A.  258, 
18). 

Aj.j-Dihydroterephthalic  Acids,  CO,H  .  Cn<^JJ  ;  CH^^*^  *  CO,H,  cis-add  and 
trans  acid,  arc  fonned  in  the  reduction  of  terephthalic  acid.  See  also  A,,j-dihydro- 
terephthalic  acid.  The /n//M-//;/^^/y/ «/^r  melts  at  146°.  The  cis-dimetkyl  ester  mt\\^ 
at  77°  (A.  258,  17). 

D.  and  E.  Oxy-  and   Ketohydrobenzene  Dicarbozylic   Acids. — a-Ozy-heza- 
,.„  /CH,— CH,    ^    CO,H 
hydroisophthalic  Acid,  ^,Jx  ,«-^p,,      ru^^   "^nu     '"^^^^o^^rom  m-keto-hexa- 

hydrol)cnzoic  acid  by  the  action  of  pnissic  acid  and  hydrochloric  acid  (B.  22,  2 1 86). 

CH,— C(OH) CO.H 

in  Dioxyhexahydroisophthalic  Acid,  Cn,<  rtcwj  ^^^«  ,  melts  with 

decom|y>.sition  at  217°.    Its  rt;/^i'<//7V/' melts  at  175®.  The  acid  is  obtained  from  its  nitrile, 
tlie  product  of  the  addition  of  prussic  acid  to  dihydroresorcinol  (p.  297)   (A.  278,  49). 

a.rij-Dioxyhexahydroterephthalic  Acid,  ^^\o^C<^[J»~ch'>^<Oh"'  ^ 
formed  when  its  cyanide,  melting  with  decomposition  at  l8o°,  is  boiled.  This  cyanide 
results  by  adding  prussic  acid  to  pdiketohezamethylene  with  hydrochloric  acid  (B.  22, 
2176). 

A,-Tetrahydro*2-oxyterephthalic  Acid,  or  z-fCetohexamethylene-iy^'dicarhoxylie 
Aeidf 

.CH, .  C(OH).  XO CH,. 

CO,lI .  CHC  ^C .  COjH.or  CO,H  .  CH(^  )^CH  .  CO,H, 

^CH,.  CH,— /  ^CH,  —  CH,'^ 

results  from  the  reduction  of  oxy  terephthalic  acid  (p.  243).     When  heated  to  60®  with 

water,  it  splits  off  carbon  dioxide  and  becomes  m-ketohexahydrobenzoic  acid  (p.  304), 
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the  oxhne  of  which  is  obUuned  from  tetrahydro-oxyterephthalic  acid  by  means  of  hydrozyl- 
amine  hydrochloride  (B.  2a,  217S). 

TetrahydrthdioxyterephthiUic  Acid—^,  243, 

Ketotetrahydrobenttne  polytarboxylU  esters  and  m-diketohexahydrobenzene  carboxylic 
esters  or  hydro-resorcytic  esters  have  been  prepared  synthetically  in  great  numbers  from 
1,5-diketone-  and  J-ketone  carboxylic  esters  respectively  by  the  elimination  of  water  or 
of  alcohol.  A  series  of  keto-R-hexenes,  dihydroresorcinols,  tetrahydrobenzenes,  dihy- 
drobenzenes,  etc.,  has  been  built  up  from  these  bodies  as  the  starting-out  substances 
(pp.  297,  298). 

Succino-succinic  Acid,  CO,H  .  CH<^^'  ^^>CH .  CO,H,  results  upon  saponi- 

fying  its  diethyl  ester  with  a  calculated  amount  of  normal  sodium  hydroxide,  and  by 
treating  2,5-dioxyterephthalic  ester  with  sodium  amalgam.  The  dry  acid  breaks  down 
into  two  molecules  of  carbon  dioxide  and  p-diketohexamethylene  when  heated  to  200^ 
(£.  22,  2168). 

Succino-succinic  Diethyl  Ester,  melting  at  126^,  is  produced  by  the  condensa- 
tion of  two  molecules  of  succinic  ester  through  the  agency  of  potassium,  sodium,  or 
sodium  ethylate  upon  succinic  ester  (A.  2zz,  306)  or  bromacetoacetic  ester  (A.  245,  74), 
as  well  as  by  the  interaction  of  silver  C3ranide  and  iod-acetoacetic  ester  (A.  253,  182), 
and  by  the  reduction  of  2,5-dioxyterephthalic  ester  with  zinc  and  hydrochloric  acid  (B. 
19.  432). 

Succino-succinic  ester  behaves  like  phloroglucin.  It  also  manifests  many  reactions 
of  a  ketone,  corresponding  to  formula  I  of  2,5-diketohexametbylene  carboxylic  ester; 
whereas  it  also  conducts  itself  like  a  phenol,  corresponding  then  to  formula  II  of  2,5- 
dioxydihydroterephthalic  ester  (B.  24,  2692) : 

CO—CH, 
I.  CO,  .  C,H5.  CH<^^  _C0>^"  •  ^^«^"» 

,tc<,.<,H..<<^|°|:^«;Xc.c<,^„.. 

The  ester  crystallizes  in  bright  green  triclinic  prisms  or  colorless  needles.  It  is  in- 
soluble in  water,  dissolves  with  difficulty  in  ether,  very  readily  in  alcohol ;  its  solution 
shows  a  bright  blue  fluorescence.  Ferric  chloride  imparts  a  cherry -red  color  to  it.  It 
dissolves  in  alkalies  with  a  yellow  color,  yielding  metallic  derivatives  by  the  replacement 
of  two  hydrogen  atoms.     It  does  not  unite  with  phenyl isocyanate. 

With  hydroxy lamine  (in  alkaline  or  acid  solution)  succino-succinic  ester  splits  off  CO, 
and  yields  quinone-dioxime  carboxylic  ester,  CjH,(N.  OH),.  CO,R,  melting  at  174° 
(B.  22,  1283). 

With  phenylhydrazine  it  forms  a  phenylhydrazine  derivative  of  dihydroterephthalic 
acid  (B.  24,  2687;  26,  R.  590),  while  with  hydrazine  it  yields  hexahydrobenzo-3,4- 
dipyrazolon  (see  this)  (B.  27,  472).     Also  consult  dichlordihydroterephthalic  acid. 

If  succino-succinic  ester  be  saponified  by  dilute  alkalies,  with  exclusion  of  air,  it  3rields 
free 

Succino-succinic  Dimethyl  Ester,  melting  at  152^. 

The  following  com[>ounds  are  produced  as  the  result  of  the  interaction  of  sodium  suc- 
cino-succinic diethyl  ester  and  alkyl  iodides  (B.  26,  232)  : 

Diethyl  Succino-succinic  Ester :  cis-body  is  liquid ;  trans-body  melts  at  65^. 
Di-n-propyl  Succino-succinic  Ester:  cis-body  is  liquid  ;  trans-body  melts  at  86°. 
Di-isopropyl  Succino-succinic  Ester:  cis-body  is  liquid ;  trans-body  melts  at  116°. 

Methyl-n-  and  Methylisopropyl  Succino-succinic  Ester  boil  at  195-200°  (25 
mm.) ;  see  dihydro-p-cymene,  p.  294. 

p-Dichlorquinone  Dicarbozylic  Ester,  CgCl,0,(CO,C,H.),.  melting  at  195°,  con- 
sists of  yellowtsh-green  crystals  (B.  21,  1761).  When  reduced  with  zinc-dust  and  gla- 
cial acetic  acid  it  becomes  p-Dichlorhydroquinone-dicarbozylic  Ester,  CgCl,H,- 
0,(C0,C,H5),,  crystallizing  in  two  different  forms— colorless  needles  and  YeUovir-^t«ft.<CL 
u—26 
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plates  (B.  20,  2796;  21,  1759;  23,  260).    Coo^MDne  the  two  ibnns  of  2,5-^Uoi7teR- 

phthalic  ester,  p.  243. 

p-Diozy-quinone-dicarbozylic  Ester,  CfiJO}i)^(CX>JCfH^)„  meltiiig  at  151*, 
may  be  prepared  by  shaking  dichlorhydroquiiione-dicarboxylic  ester  with  sodimn  hydroi- 
ide,  and  by  the  action  of  nitrous  acid  npon  dioxy-teiephthalic  ester  (B.  19,  2385).  It 
cr>'stalli/es  in  pale  yellow  leaflets  and  intense  greenish-yellow  prisms  (B.  20,  IJ07). 
Note  aboTe,  p-dichlorhydroquinone-dicarboxylic  ester,  and  see  pu  243.  It  reacts  add,  nd 
forms  salts  with  two  equivalents  of  the  metals.  It  does  not  fonn  a  dioxime  with  hydroijl- 
aniine,  but  an  oxyammonium  salt,  and  with  phenylhydracine  a  phenylhydrazine  lah  (& 
22,  1290).  furthermore,  it  does  not  react  with  phenylcyanate  ^B.  23,  265).  Baling  | 
hydrochloric  acid  decomix)ses  the  ester  into  carbon  dioxide  and  dioxy-qoinone  {p,  170). 
Hy  the  absorption  of  two  atoms  of  hydrogen  (by  redaction  with  sulphoroiis  add)  Uie  etfcr 
Ijccomes — 

Tetrozy-terephthalic  Ester,  C,(OH)4(CO,R,),  or  Diozy-qutnone-dihydrocar- 
boxylic  Ester,  C,1I,(()^)(0H},(C(>,R),.  It  crystallizes  in  golden  yellow  leaflets  and 
melts  at  178®  (B.  20,  2790).  Its  alkaline  solution  oxidizes  00  exposure  to  the  air  (giringnp 
two  hydrogen  atoms)  to  dioxy-cjuinone-dicarboxylic  ester;  hence  it  yields  the  lame 
products  with  hydroxylamine  and  phenylhydrazine  (B.  22,  1291).  It  forms  a  tetracar 
baniliilo-derivative  (B.  23,  267)  with  four  molecules  of  phenylcyanate. 

1,3,5-Triketohexamethylene  Dicarbozylic  Ester,  CgH40,(C0,C,H J^  rndtiBg  at 
101°,  results  from  the  condensation  of  acetone  dicarboxylic  ester  and  malonic  ester  with 
sodium  ethylate  (B.  29,  R.  III7). 

3.  Hydrobenzene  Tricarbozylic  Acids. — ^This  group  probably  includes  diozy- 

.C0-CH(C0,C;H-)^ 
phenylacetic  dicarboxylic  triethyl  ester, CH,<^^^_^   A^  ^'^    *^.CH,.CO,C,H, 

^CO— CH- ^  '  ' 

or  ^W'»"5CH\^^_^  J^  C  H  )^^  •  ^"'  •  COjCjHj  (pp.  44,  229),  and  a  similariy 

prepared  l)o<ly — 

Phloroglucin  Tricarbozylic  Eater.  CO,.  C,H5.CH<^^~^JJ|^J!^«^J|5KcO, 

melting  at  104°.  It  may  l>e  formed  by  the  condensation  of  malonic  ester  upon  heating 
its  sudiiim  compound  to  120-145°,  or  by  the  action  of  zinc  ethyl.  It  deports  itself  quite 
like  succiiio-succinic  ester,  dissolves  unchanged  in  alkalies,  and  is  colored  a  cherry-red 
liy  ferric  chloride.  Acetic  anhydride  converts  it  into  a  triacetyl  derivatwe^  and  with 
hydroxylamine  it  yields  a  trioxime  (B.  21,  1766) ;  with  phenyl  cyanate  it  forms  a  tricarb- 
anilido  derivative  (B.  23,  270).     Fused  with  alkalies  it  forms  phloroglucin. 

4.  Hydrobenzene-tetracarboxylic  Acids. — Acids  having  two  carboxyl  groups 
attached  to  the  same  carbon  atom  have  l)een  obtained  synthetically  in  the  action  of  tri- 
methylene  bromide  upon  the  disodium  compound  of  methylene  dimalonic  ester,  as  well 
as  from  the  interaction  of  methylene  iodide  and  disodiumtrimethylene  dimalonic  ester : 
hexamethylene-i,i,3,3-tetracarboxylic  ester,  and  from  n-butanetetracarlx>xylic  ester  with 
ethylene  bromide:  hcxamcthylene-i,i,4,4-tetracarboxyUc  ester  (Perkin,  Jr.;  see  p. 
20) : 

(CO,C,H.),  (00,C,Hj), 

II  n 

CW.<c1I:Zcn':  +  ^CII,  =  CH.<c|{|=8>CH.  +  2Nd. 

(CO..C,H.),  (CO,.C.H,), 

1,1,3,3-Hexamethylenetetracarboxylic  Acid  decomposes  at  220^  with  the  elimina- 
tion of  2CO2  *"^o  hexahydroisophthalic  acid  (B.  25,  R.  159,  274). 

1,1,4,4-Hexamethylenetetracarboxylic  Acid,  melting  at  152-153°,  yields,  at  more 
elevated  temperatures,  both  hexahydroterephthalic  acids;  the  trans-acid  predominates 
(P-  302). 

Tetra-hydro-  and  iso-tetra-hydro-pyro-mellitic  Acids,  C,H,(H4)(CO,H)4,  are 
obtained  by  the  continued  action  of  sodium  amalgam  upon  the  aqueous  solution  of  ammo- 
nium pyromellitate.     The  first  results  as  a  gummy  mass  upon  eraporating  the  ethereal 


caibojqrlic  Ester,  ^^    ^  „    Ai^      ^^      ^rx   ^^    ^  ^  ,  melts  at  142-144°.  when 
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tolntioii ;  it  is  Teiy  soluble  in  water.  The  second  crystallizes  with  2H,0,  loses  the  same 
about  120^,  melts  near  200®,  and  decomposes  into  water,  carbon  dioxide,  and  Aj-tetra- 
hjdro-o-phdialic  anhydride  (p.  303)  ^A.  258,  205).  When  heated  with  sulphuric  acid 
both  erolTe  00,  and  SO,  and  form  tnmellitic  and  isophthalic  acids. 

Quinone-tetrahydro-tetracarbozylic  Ester,  or  p-Diketohezamethylene-tetra- 
CO, .  C:H.  .  CH  — CO  — CH .  CO, .  CjH. 

'  Ca.  C,H,.  CH  —  CO  — CH .  CO, .  C,H5 
it  is  anhydrous.  It  is  formed  m  the  reduction  of  hydroquinone-tetracarboxylic  ester  (p. 
246),  the  redaction  product  arising  from  quinone-tetracarboxylic  ester  (p.  246),  zinc- 
dost,  and  hydrochloric  acid  in  alcoholic  solution.  It  crystallizes  from  alcohol  in  colorless 
needles  or  prisms.  Its  deportment  is  perfectly  analogous  to  that  of  succino-succinic  ester. 
Fenric  chloride  imparts  a  cherry-red  color  to  its  alcoholic  solution.  Bromine  changes  it 
again  to  hydroquinone-tetracarboxylic  ester  (B.  aa,  R.  289). 

Tetrahydroprehnitic  Acid,  C^^{<ZOJt\)^^  is  formed  when  sodium  amalgam  acts 
upon  an  ammoniacal  solution  of  prehnitic  acid  (p.  246).  It  is  an  amorphous  nuiss,  very 
readily  soluble  in  water.  It  yields  prehnitic  and  isophthalic  acids  when  it  is  heated  with 
snlphnric  acid. 

5.  Hezahydrobenzene-hexacarboxylic  Acids. — Hexahydroxnellitic  Acid,  C,Hg- 
(COOH)g,  is  produced  when  sodium  amalgam  acts  upon  ammonium  mellitate.  It  is  very 
sdoble  in  water  and  crystallizes  with  difficulty.  It  melts  with  decomposition  when  it  is 
heated.  Its  calcium  salt  is  more  easily  soluble  in  cold  than  in  hot  water.  When  heated 
to  180^  with  concentrated  hydrochloric  acid,  and  also  when  it  is  preserved,  it  passes  into 
isomeric — 

Isohezahydromellitic  Acid,  C^H^(CO,H),,  which  crystallizes  in  large  hexagonal 
prisms.     It  is  precipitated  from  its  salt  solutions  by  hydrochloric  acid. 

Ring-formation  of  Hydroaromatic  Compounds  from  Aliphatic  Compounds. — 
The  following  hydroaromatic  bodies  have  been  synthetically  prepared  from  aliphatic 
compounds : 

1.  Hexahydrobenzene  (p.  292). 

2.  m-Dihydroisoxylene  (p.  294). 

3.  Pimelin-ketone,  Ketohexamethylene,  and  homologues  (p.  296). 

4.  Trimethylketo-R-hexene  or  Isoacetophorone  (p.  298). 

5.  Dihydroresorcinol  and  homologues  (p.  296). 

6.  /3-Ketohexamethylenecarboxylic  Ester  (p.  301). 

7.  2-Methyl-i-acetyIhexamethylenecarboxylic  Ester  (p.  301). 

8.  3-Methyl-A,-keto-R-hexene-6-carboxylic  Ester  and  homologues  (pp.  298, 302, 305). 

9.  IIexamethylene-i,i-dicarboxylic  Ester  and  homologues  (p.  302). 

10.  m-Diketohexahydrobenzene-carboxylic  Ester  (p.  305). 

11.  Succino-succinic  Ester  (p.  305). 

12.  Dioxyphenylaceto-dicarboxylic  Ester  (p.  306). 

13.  Phloroglucin  Tricarboxylic  Ester  (p.  306). 

14.  Hexamethylene-l,i,3,3-tetracarboxylic  Easter  (p.  306). 

15.  HexaiDethyleQe-i,i,4i4-tetncarboxylic  Ester  (p.  306). 


TERPENES.* 

The  volaHU  or  ethereal  oils y  obtained  mostly  by  the  distillation  of  vari- 
ous plants  (chiefly  Coni ferae  and  Citrus  species)  with  steam,  more  rarely 
by  pressing  them  out,  contain,  along  with  different  compounds,  certain 
hydrocarbons  having  the  formula  CioHje,  which  are  called  Terpenes,  Iso- 
prency  QJA^  obtained  by -the  distillation  of  caoutchouc,  has  the  same  per- 
centage composition ;  it  is  a  hemiterpene.    There  are  also  hydrocarbons 

•  Pr.  Hcaslcr,  '*  Die  Terpene.'*    1896.  Verlag  von  F.  Vieweg  u.  Soha^  BiautiiicVew^N^, 
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known  having  the  formula  C,5H,4 ;  these  are  the  sesquiterpenes y  and  there 
are  also  higher  polymerides,  ( C5H8)x,  the  polyterpenes. 

The  *'  it-ue  terpenesy  **  CioHw,  the  important  and  often  the  chief  com- 
ponents of  many  ethereal  oils  of  great  value  in  perfumery,  demand  par- 
ticular attention.  They  contain  one,  and  some  of  them  probably  two 
carbon  rings.  They  are  more  or  less  closely  related  to  cymene  or  p-iso- 
propyl  methyl  l>enzene  (p.  56).  In  recent  years  terpenes  have  also 
come  to  light  which  do  not  have  a  closed  carbon  chain ;  they  are  distin- 
guished from  the  true  terpenes  as  olefine  terpenes. 

Their  classification  and  the  possibility  of  distinguishing  the  individual 
true  terpenes  are  mainly  due  to  the  painstaking  researches  of  O.  Wallach, 
who  has  brought  order  and  system  out  of  this  chaotic  mass  of  hydrocar- 
bons of  the  most  varying  origin. 

The  question  as  to  the  constitution  of  the  true  terpenes  has  not  yet 
been  entirely  settled  as  to  any  representative  of  this  group  of  bodies. 
They  can,  however,  be  arranged  into  two  sub-groups. 

Camphene,  obtained  from  bornyl  chloride,  is  a  terpene.  It  probably 
continues  to  hold  the  carbon  skeleton  of  camphor  (p.  327).  Fenchone 
and  pinene  are  related  to  it.  These  are  three  cyclic  terpenes.  They  are 
only  capable  of  adding  two  univalent  atoms  or  atomic  groups.  The 
cyclic  tcrjK'nes  of  the  //>//<7//<r/i<rand/<'«/i'«^  group  are  distinguished  from  the 
preceding  bodies  chiefly  by  their  power  of  adding  four  univalent  atoms. 
In  this  class  we  find  hydrocarbons  similar  to  the  synthetically  prepared 
p-dihydrocymene  (p.  294).  These  cyclic  hydrocarbons  of  the  formula 
Cio^IiB  niay  be  called  hydroaromatic  terpenes  in  contradistinction  to  the 
campheneSy  C,oH,6.  Individual  members  of  both  groups  are  genetically 
allied  to  one  another  by  certain  transition-reactions.  AH  of  the  true  ter- 
penes are  unsaturated  hydrocarbons ;  by  the  addition  of  hydrogen  they 
become  hydroterpenes, 

'Ilie  hydroterpenes  give  rise  to  a  great  number  of  alcohols  and  ketones,  comprised 
under  the  general  name  camphor.  In  this  class  are  included  menthonr^  mentha  camphor^ 
and  common  or  Japan  camphor^  a  ketone  of  dihydrocamphene.  The  terpene  alcohols 
and  terf^ene  k^tofus,  with  their  trai)sposition  products,  attach  themselves  naturally  to  the 
teriKiics  and  thtir  addition  products. 

Properties. — Tlie  true  teri)enes,  when  pure,  are  colorless,  strongly  refracting  liquids. 
Cainphone  alone  is  a  solid. 

They  boil  without  decomposition  .it  155-180**.  They  are  very  volatile  with  steam  and 
have  a  pleasant  odor.  Many  are  optically  active.  Some,  indeed,  exist  in  two  optically 
active  forms  with  eiiual  but  o|)|K>site  rotatory  jwwer.     Di|)entene  is  a  racemic  teq>ene. 

Deportment. — (i )  Some  terpenes  polymerize  very  readily.  (2)  Boiling  dilute  alcoholic 
sulphuric  acid  has  rearranged  various  terpenes  into  isomeric  terpenes.  (3)  Mnny  are  oxi- 
dized by  the  oxygen  of  the  air;  they  then  manifest  a  tendency  to  resinify  (see  B.  29,  R. 
658).  The  formation  of  l)enzene  derivatives  by  oxidizing  terpenes  is  very  important. 
Thus,  turpentine  oil  with  io<.line  yields  cymene  ;  with  nitric  acid,  p-toluic  acid  and  tere- 
phthalic  acid.  (4)  The  addition-reactions  have  already  been  pointed  to  as  a  means  of 
classifying  the  terpenes.  The  terpenes  capable  of  adding  four  hydrogen  atoms  are  in 
all  probability  dihydrocymenes  (see  above).  For  the  constitution  of  the  camphene  adding 
but  two  hydrogen  atoms  consult  p.  327.  (5)  The  addition  of  chlorine  and  bromine,  as 
well  as  hydrogen  halides,  in  glacial  acetic  acid  at  low  temperatures  gives  rise  to  haloid 
hydroterpenes.  Conversely,  when  the  hydrogen  halide  addition-products  are  heated 
with  sodium  acetate  in  glacial  acetic  acid,  or  when  heated  with  bases  like  aniline,  the 
terpenes  are  regenerated.     It  is  by  means  of  these  haloid  bodies  that  the  transition  from 
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the  terpenes  into  camphor  alcohols  can  be  realized.  (6)  NiUosyl  chloride,  NOCl 
(Tilden),  or  an  alkyl  nitrite,  glacial  acetic  acid,  and  hydrochloric  acid  acting  upon  ter- 
penes give  rise  to  well-defined  terpene  nitroso-chlorides.  These  form  terpene  nitrol- 
amines  with  primary  and  secondary  bases,  or,  by  splitting  oflf  hydrochloric  acid,  they 
become  nitroso- terpenes.  ▼.  Baeyer  (6.  28,  648;  ag,  10)  contends  that  these  nitroso- 
clilorides  are  frequently  to  l)e  regarded  as  bimolecular,  and  better  as  bisnitrosochlorides. 
(/fl)  Several  terpenes  unite  with  N^O^,  forming  nitrosates,  CioH,,(NO).  O.  NO,,  (d) 
and  with  N,0^,  yield  nitrosites,  CioH„(NO) .  O »  NO.  See  B.  29,  695,  for  the  addition 
of  trichloracetic  acid  to  the  terpenes. 

Nomenclature. — Daeyer,  observing  the  "Geneva  nomenclature,"  suggested  that  the 
cyclic  terpenes  containing  the  same  carbon  skeleton  as  p-cymene,  the  dihydro-p- 
cymenes,  ht  called  Terpadiines ;  then  the  tetrahydrocymenes  would  be  terpenes  and 
hezahydrocymene  terpan,  Camphene  would  retain  its  name,  but  dihydrocamphene 
would  receive  the  name  camphan :  consequently,  the  terpenes  can  be  divided  into 
the  ierpan  and  camphan  groups.  To  obtain  names  for  the  terpenes  which  would  be 
designated,  according  to  this  suggestion,  as  terpadienes,  Wagner  calls  hexahydrocymene 
mum/Aan,  the  tetrahydrocymenes  mcnthenes,  and  the  dihydrocymenes  or  terpenes  mentha- 
diines  (B.  27,  1636  Anm.). 

The  terpenes  will,  therefore,  be  discussed  in  three  groups : 

A.  Olefin ic  Teri)ene-  or  Terpenogen  Group. 

B.  Terpan  or  Menthan  Group. 

C.  Camphan  Group. 

The  alcohols  and  ketones,  the  so-called  camphorsy  attach  themselves  to 
the  hydrocarbons  of  each  group. 


A.  OLBPINIC  TERPENE-  OR  TERPENOGEN  GROUP. 

Many  olefine  hydrocarbons,  alcohols,  aldehydes,  and  acids  with  open  carbon  chain 
are  included  under  this  designation.  They  occur  in  ethereal  oils,  or  in  the  transposition 
products  obtained  from  the  latter.  They  are  distinguished  chiefly  by  the  fact  that  they, 
as  a  rule,  are  easily  converted  into  hydroaromatic,  terpene-like,  or  aromatic  substances. 

1.  Olefinic  Terpenes:  Myrcene.  C,qH„,  boiling  at  67°  (20  mm.),  sp.  gravity 
0.8025  (15°),  no  =  1.4673,  occurs  with  1-phellandrene  and  the  aromatic  phenols  of  the 
ctnnamic  series  in  bay-oil.  It  can  take  up  six  atoms  of  bromine,  and  by  the  addition  of 
hydrogen  becomes  linalool.  Anhydrogeraniol,  C,oII,,,  boiling  at  172-176®,  sp.  gr. 
0.8232  (20®),  no  ^~=  1.4835,  and  obtained  by  heating  geraniol  with  potassium  sulphate  to 
170^,  can  also  take  up  six  bromine  atoms  (B.  24,  682).  Linaloolene,  CiqH,,,  boils  at 
165-168®.  Its  sp.  gravity  is  0.7882  (20®),  no  =  I -45 5-  It  is  formed  in  the  reduction 
of  linalool  (H.  27,  2520). 

laoprene,  0^11^*  boiling  at  37®,  must  be  considered  under  the  oleBnic  terpenes  or  ter- 
penogens.     It  is  a  distillation  product  from  caoutchouc  (p.  311).     It  very  probably  con- 

C*\  1 
sisls  in  the  main  of  methyUivinyl^    ,    *^C  —  C  =  CI  I,.     It  can  take  up  two  molecules 

of   hydrogen   bromide,  forming  dimethyl -trimethylene  bromide.     It  polymerizes  very 
readily  to  dipentene  (p.  311)  (J.  pr.  Ch.  [2],  55,  i) : 

CH,\  CH,\  /CH.-CII  ^v 

*CH>^«  =  ^«' ^cH>^«<cn;-cii>^«>- 

2.  Oleflnic  Terpene  Alcohols :  Rhodinol,  C,oH,oO,  boiling  at  113-114®  (15  mm.), 
occurs,  together  with  geraniol,  in  different  rose,  geranium,  and  pelargonium  oils.  Very 
probably  it  must  be  viewed  as  the  o|)tically  active  ln?vorotatory  alcohol,  corresponding  to 
citrooellal :  hatronelM,  (CH,), .  C :  CH  .  CH, .  CH, .  C(CH,)H  .  CH, .  CH,OH  (B.  ag, 
923  ff-;  30.  33 ;  comptie  B.  ag,  R.  785). 
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Qenniol,  C»Hj^:»^  (CH,)-C :  CH  .  CH,  .  CH, .  C(CH,) :  CH .  CH,OH,  IxxliBg  at 
1 20- 1 2 2**  (17  mm.)  conititcfea  tne  alcoholic  coDititaent  of  geranium  oil,  rose  oil,pdar- 
5onium  oil,  etc.  ( H.  ag,  785).  Jt  is  optically  inactive,  and  boirs  the  same  rdation  to  rbo- 
diiiol  that  citral  sustains  to  citronellal. 

1  Linalool,  C^^U.^i)  ^  (CH,),C  :  CH  .  CH, .  CH,  .  C{CH,)OH .  CH  :  CH,,  boiling 
at  197-199*^.  sp.  ^r.  0.S702  (20°),  no  =  t-4^5>  is  foond  in  oil  of  ImTender,  beigamot, 
Hmet,  and  origanum,  d- Linalool,  coriandrol^  occurs  in  the  oil  of  coriander.  Diloie 
sulphuric  acid  converts  the  linalool  with  ease  into  inactive  terpine  hydraii  (p.  314): 
this  ctmversion  is  nmde  with  greater  difficulty  with  genniol  (B.  aS,  2137). 

The  cunstitution  of  these  bodies,  as  well  at  that  of  the  corresponding  aldehydes  md 
.icids,  has  l>een  mainly  deduced  from  their  conversion  into  methyl  heptencme^  (CH|),C:- 
(Ml  .  (TI,.  CH,  .  CO  .CII,,  which  has  been  previously  described.  Again,  Uiis  methjl 
Iieptenone  has  l^een  employed  in  the  synthesis  of  certain  bodies  belonging  in  this  group. 
Thus,  bv  condensation  with  zinc  and  allyl  iodide  it  yields  homolinalool,  (CH,),C :  CH .  - 
C  llj .  Cn,C(CH5)OH  .  CH, .  CH :  CH,.  boiling  at  102-104°  (14  mm.)  (B.  ag,  693). 

Another  series  of  oletinic  terpene  alcohols — €,g,^  licareoi^  rtunioi^  ylangol—\a&  been 
prepared  from  various'  ethereal  oils.  Their  constitution  has  not  yet  been  determined; 
pruhaMy  they  are  identical  with  the  compounds  just  described,  or  they  are  closely  related 
to  them  ( H.  27,  R.  505.  751 ;  28.  R.  67). 

3.  Olefinic  Terpene  Aldehydes  :  Citronellal  (Rhodinal  ?)  (B.  ag,  R.3S2),  C||H„0 
--  (CI  I3)./;  :  CH  .  CH, .  CH, .  C(CH,)H .  CH, .  CHO.  boiling  at  103-1050  (25  mm.),  is 
optically  dextmrotatory.  It  is  found  in  citronella  oil,  in  the  oil  from  Eucaiypiia  maatlata^ 
rttr.  liiriiuiortj,  etc.  (H.  ag,  904).  Acetic  anhydride  condenses  it  to  iscpulfgei,  a  terpene 
.ilcohol  very  similar  to,  yet  not  identical  with,  pulegol,  a  reduction  product  obtained  from 
pulegon  (p.  320)  (I).  30,  22).     It  changes  to  d-citronellol  (see  this)  upon  reduction. 

Citrel,  Geranuih  C,oH„0  =  (CH,),C :  CH .  CH, .  CH, .  QCH,) :  CH .  CHO.  bofl- 
ini;  at  224-228°,  is  formed  in  the  oxidation  of  geraniol.  It  is  also  present  in  the  oil  of 
Icinons.  When  conilensed  by  potassium  bisulphate,  1 1 1,  acetic  acid,  etc.,  the  double  linking 
is  (lis|)laced  and  cyinene  results.  When  citral  is  condensed  with  acetone  it  yields 
Pseudoionone,  ((  H,),C:  CH  .  CH,.  CH,C(CH,):CHCH:  CHCOCH,,  boiling  at  143- 
145°.  On  heating  this  with  dilute  sulphuric  acid  it  changes  to  ionone,  an  hydroaro- 
ni.atic  ketone  (I>.  27,  R.  768). 

4.  Olefinic  Terpenic  Acids:  Citronellic  Acid  {Rhodinic  Acid ?)  (B.  ag,  R.  352). 
(CM,)/: :  c:il  .  CH.  .  ('H2C(CH3)H  :  CH, .  COOH.  boiling  at  143.5°  (lo  mm.),  is  ob- 
tained from  its  nitrile,  formed  in  the  dehydration  of  citronella  aldoxime,  or  by  oxidizing 
citronellal  (U.  29,  905). 

Gcranic  Acid,  ("CHa^jC  :  CH  .  CH, .  CH,C(CH,) :  CH  .  COOH,  lx)iling  at  153° 
(13  mm.),  is  also  obtained  from  citral.  It  has  also  been  synthetically  prepared  from 
methyl  heptenonc  (sec  nI)ove)  and  iodacctic  ester  (B.  ag,  R.  222).  Sulphuric  acid  con- 
verts it  into  isomeric  hydroaromatic  Uogeranic  acid  (p.  301). 


B.  TERPAN  OR  MENTHAN  GROUP. 

I.  Hydrocarbons,    {a)  Limonene  or  Dipentene  Group. 

The  terpenes  of  this  group  combine  with  four  atoms  of  bromine  or 
with  two  molecules  of  halogen  hydride,  but  not  with  N,03.  They  very 
probably  are  dihydrocymenes.  One  of  the  di hydro- p-cymenes  has  been 
synthesized  (]).  294),  but  as  yet  has  been  too  imperfectly  studied  to  com- 
l>are  it  with  the  appended  terpenes. 

To  indicate  the  constitution  of  the  dihydrocymenes  the  carbon  atoms  are  prorided 
with  numbers : 


^<rZr>^-C<?. 


■c— c 
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The  dihydrocymene  of  the  formula  CH, .  C^      "'^„*^C  =  C(CH,)„  would  then 

\CHj —  CHj/ 

be  tenned  Ai,4(8)-TeTpadiene ;  and  dihydrocymene, 

CH, .  C^JJ  ~ ^U'^C .  CH(CH,)„  would  be  Aj^-terpadiSne  (B.  27,  436). 

Limonene,  CjoH,, ,  is  known  in  three  modifications— d-limonene,  l-limonene,  and 
[d -|-  l]-limonene  or  dipentene. 

d-Limonene,  Citrene,  Hesperidene^  Carvene^  together  with  pinene,  is  among  the  most 
widely  distributed  terpenes.  It  is  present  in  the  oil  obtained  from  the  shell  of  Citrtis 
Quraniium^  in  citrone  oil,  in  the  oil  of  bergamot»  in  oil  of  dill,  in  oil  of  celery,  etc.  It 
boils  at  175^,  [a]D  =  -f  lO^-S^.  1-Limonene  occurs  in  the  oil  of  pine-needles,  in  oil 
<»f  fir,  and  in  oil  of  peppermint.     It  boils  at  175°  ;  [<i]d  ^ —  105°. 

Both  limonenes  are  liquids  with  an  agreeable  lemon-like  odor.  Their  sp.  gravity 
equals  0.846  (20°). '  They  differ  from  each  other,  as  do  their  derivatives,  almost  entirely 
by  their  opposite  rotatory  power  (A.  252, 144).  The  two  active  limonenes  combine  with 
dry  bromine  to  Mrabromides,  melting  at  104^,  and  having  equally  large  but  opposite 
rotatory  power  of  about  [a]D  =  73°.  D17  hydrochloric  acid  gas  converts  them  into 
optically  active  limonene  hydrochlorides ^  while  the  moist  haloid  acids  change  the  optically 
active  limonenes  to  addition  products  of  [d  -{-  I]-limonene  or  dipentene.  When  the 
optically  active  limonenes  are  exposed  to  elevated  temperatures  they  become  dipentenes. 

The  nitroso-chlorides  of  the  limonenes  deserve  particular  attention  (B.  28,  1308 ;  com- 
pare also  B.  29, 10).  d-Limonene  forms  two  chemically  identical  nitrosochlorides,  with, 
DOweTer,  different  physical  properties : 

o-d-Limonene-nitro8o-chloride  melts  at  103° ;  \(i\o  =  -f-  313.4**. 
/3-d-Limonene-nitro8o-chloride     **     **  105°;  [ajo  =-(-204.3°. 

d-Canroxime  (p.  320)  is  formed  when  these  bodies  are  heated  with  alcoholic  potash. 
d-Limonene,  upon  oxidation,  yields  limonetrite  (p.  316). 

1-Limonene  also  forms  two  differently  rotating  nitroso-chlorides,  which,  by  loss  of 
hydrochloric  acid,  rearrange  themselves  into  1-carvoxime. 

[d  +  IT-Limonene,  Dipentene,  Cinene, 

CH..  cQJ^3^JJ|)cH  .  C^JJ*  (?)  (p.  3,5)  (B.  28,  2145  ;  29,  4),  boils  at 

175®.  It  is  associated  with  cineol  in  Oleum  citub.  It  is  produced  by 
heating  d-limonene,  Mimonene,  pinene,  and  camphene  to  250-300°;  it 
is,  therefore,  present  in  the  Russian  and  Swedish  tur[)entine  oil,  obtained 
by  application  of  great  heat.  It  is  derived  further  by  the  distillation  of 
caoutchouc,  and  the  polymerization  of  the  isoprene,  CsHg,  formed 
simultaneotisly  (A.  227,  295).  It  is  also  produced  on  mixing  equally 
large  quantities  of  d-  and  1-limonenes,  as  well  as  when  pinene  is  boiled 
with  alcoholic  sulphuric  acid.  It  forms,  too,  on  withdrawing  water  from 
linalool,  terpine  hydrate,  terpineol,  and  cineol.  It  may  be  prepared 
pure  by  heating  its  hydrochloride  with  aniline  or  sodium  acetate  in 
glacial  acetic  acid  solution  (A.  245,  197 ;  B.  26,  R.  319). 

Aire  dipentene  is  a  liquid  with  an  agreeable  lemon-like  odor.  Its  sp.  gr.  is  0.853, 
and  it  is  optically  inactive. 

Although  more  stable  than  most  of  the  other  terpenes,  it  can  yet  l«  changed  into  the 
iKXDeric  terpinene  by  alcoholic  sulphuric  acid,  or  hydrochloric  add.  It  is  oxidized  to 
p-cymene  by  concentrated  sulphuric  acid  or  phosphorus  pentasulphide. 

The  deriratjves  of  dipentene  cao  be  obtained  not  only  from  the  dipentenes,  but  also 
by  mixing  the  concspooding  derivatiTes  of  dextro-  and  laevo-limonene. 

I>^ent€n€  IHkydS^hloride,C^y^.2UQ\,\io\\&9Si  119**  (10  mm. )  and meUs H  V^^ . 
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The  vnxi^dipentene  dihydrobromide^  ^o^w  *  2HBr,  from  d-limonene,  dipentenc,  topiae, 
and  cineol  with  hydrol>roniic  acid,  melts  at  64^. 

cis-Dipentene  dihydro-bromide,  C,gH|..  2HBr,  neldpg  at  37®,  resuks  fron  the 
action  of  1 1  Hr  upon  a  well-cooled  solution  of  cineol  in  glacial  acetic  acid ;  see  abo  da- 
teq)ine  (H.  26,  2864). 

Tetrahydro-dipentene  Tribromide,  THbromterpan^  Cj^HifBr,,  11  derived  finoa 
trans-dipentenedihydrobromide  by  the  action  of  bromine  upon  the  gladal  acetie  add 
^>olutioll  (A.  264,  25). 

Dipentene  Tetrabromide,  Ci^H,, .  Br^,  melts  at  124^  (A.  281,  140). 

Dipentene  Dihydro-iodide,  C,oH,f .  2HI,  melts  at  77-79^  (A.  239,  13). 

Dipentene  Nitrosochloride,  CioH|0(NO)Cl,  melts  at  102**;  see  carvoximepp.  321 
(A.  270,  175). 

Terpinolene.  CH, .  C^^^^  _cH  /^  ^  ^CH   ^^^'  ™*^^''*  **  ^^**  (Mm«.), ^ 

not  yet  I>ecn  ol)served  in  ethereal  oils.  It  is  prodaced  when  terpine  hydraie,  teipineol, 
aiul  cineol  arc  boiled  with  dilute  sulphuric  acid,  and  by  heating  pinene  with  the  coacen- 
trated  acid.  ]k>iiing  oxalic  acid  also  liberates  it  from  the  terpineol  melting  at  35^ 
(A.  275,  106).  The  dibrotnUe,  C,oHi,Br,.  melu  at  70®  (B.  27,  447).  ITie  idrakn- 
w/'i/^,  CioIIigHr^,  is  a  solid,  melting  at  1 16°. 

Sylvestrene,  Cj,,!!,,,  boiling  at  176°,  occurs  in  Swedish  and  Russian  tnrpentine  oil. 
It  is  optically  dextro-rotatory ;  [ajo  —  -j^  66.32**  (A.  252, 149).  Sulphuric  acid  inputs 
an  intense  blue  color  to  its  solutions  in  anhydrous  acetic  acid  (or  in  acetic  anhydride), 
(.'arvestrcnc  and  dihydrobenzene  show  a  like  behaTior  (p.  2914),  while  other  teipenes 
under  similar  conditions  exhibit  a  red  to  reddish-yellow  coloration.  It  is  one  of  the  most 
stable  terpenes.  The  tetrabromide,  C,QH„Br,  melts  at  135®.  The  diAydrockloriJe, 
(:,j,H,^C'I,,  melts  at  72°,  the  dihydrobromide  at  72<»,  and  the  dihydroiodide  at  67®.  The 
niirosoJihnde,  (;,„II.^.(N(.))C1,  melts  at  107**  (A.  252,  150). 

Carvestrene,  <^-i,J^is*  l><)>Iing  ^^  17^°)  results  from  the  distillation  of  carylamine  hy- 
drochloride. It  is  i»rol>ably  the  optically  inactive  isomeride  corresponding  to  syWesircne 
( IJ.  27,  34vS5).  IJlue  coloration,  see  sylveslrene.  The  dihydrochloride  melts  at  52®,  and 
thi"  dihydiohrotnidevX  48-50°. 

Thujen,  Tiin^icttt-ne^  ^x^^vt.^  ix(Ma  thujonamine  hydrochloride,  l)oils  at  172-175° 
(760  imn.),  60-63°  (^4  nil"  ) ;  s^P-  gr-  0.840,  nn  =  4-  1. 476  (20°)  (A.  286,  99). 

(^)  Terpinenes  an<l  Phellandrene,  C,qII,j. — Both  are  distinguished  from  the  ter- 
pene-*  of  the  limoiiene  or  dipentene  groups  by  the  fact  that  they  do  not  yield  tangible 
derivatives  either  with  bromine  or  the  haloid  acids.  However,  they  do  form  nitrosites 
with  NV^s- 

Terpinene,  C,,,!!,^,  boiling  at  179-181°,  occurs  in  cardamom  oil.  It  results  on  hoil- 
\\\^  (li|)cntene,  terpiiic,  ]>heUandrene,  cineol,  terpineol,  or  dihydrocarveol  with  dilute 
alroh«)lic  su1[>hiiric  acid,  and  when  pinene  is  shaken  with  a  little  concentrated  sulphuric 
acid.  It  is  characterized  by  its  stability  toward  dilute  mineral  acids.  Its  production 
tojjrtlier  with  dipentene,  when  formic  acid  acts  upon  linalool,  is  very  noteworthy.  It  is 
the  most  stable,  of  all  the  terpenes,  and  is  not  changed  into  any  other  terpene  (A.  239, 
3S).  Terpinene  is  oi)ticalIy  inactive;  it  has  an  odor  like  that  of  cymene.  Nitrous 
.acid  converts  it  into  Terpinene  Nitrosite,  C,olI,g(NO)0.  NO  or  Cj^n,5(N  .OH)- 
().  NO,  melting  at  155°,  and  yielding  nitrolamines  with  bases.  Ammonia  converts  it 
into  terpiunie  ni/roftiniitWy  C,,)H,5(N  .  OH) .  NH,,  melting  at  llS°  (A.  241,  320). 

Phellandrene,  Cigllig,  is  known  in  two  optically  active  forms.  Both  boil  at  170^1 
and  have  not  yet  been  obtained  in  a  pure  condition.  They  may  be  classed  with  the 
mo.«>t  unstable  terjienes.  A'Phellandrnte  occurs  in  the  oil  of  water  fennel,  Pkeliandrium 
ai/uiitifuf/ij  etc.  (A.  246,  233).  1- Phellandrene  is  found  in  Australian  eucalyptus  oil 
from  Eucalvpttts  atnvi^daliua^  etc. 

d-Phellandrene  Nitrosite  and  1  Phellandrene  Nitrosite,  C.JI,j(NO)0  .  NO. 
melt  at  105°.  The  d-nitrosite  is  Uevorotator>',  Ur\^^=z  -^  183.20°,  while  the  1-nitrositc 
is  dextro-rotatory.  Metallic  sodium  and  alcohol  reduce  these  nitrosites  to  ketones, 
('irtHjyO,  which  have  proved  to  be  d-  and  Vtetrahydrocarbons^  inasmuch  as  they  fbnn  by 
their  union  a  racemic  tetrahydrocarvone  identical  with  the  one  prepared  in  another  maooer 
(p.  318)  (A.  287.371). 
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(r)  Hydroterpenes.— Hydrocarbons  derived  from  menthol  and  tetrahydrocarveol  as 
atarting-out  sulistanceSy  and  containing  two  to  four  atoms  more  of  hydrogen  than  the  pre- 
ceding bodies,  bear  close  kinship  to  the  latter.  The  two  alcohols  just  mentioned  are 
derived  in  such  a  manner  from  hexahydro-p-cymene  that  in  both  of  them  there  are  present 
secondary  ring-alcohols  of  this  hydrocarbon.  When  they  lose  water,  menthene  and  carvo- 
menthene  are  produced.  By  reducing  menthol  with  HI,  or  menthyl  chloride  with  sodium 
and  alcohol  (B.  29,  317),  a  hydrocarbon  was  obtained,  which  probably  is — 

Hexahydrocymene,    Menthonaphthene,  ^[j»>CH  .  CH<^"»  "  ^j"»>CH .  CH„ 

boiling  at  169®.  Its  specific  gravity  equals  o.  8066  (0°).  The  hexahydrocymene  obtained 
in  the  reduction  of  terpine  hydrate  (B.  23,  K.  433)  and  from  resin  oil  is  identical  with 
this  hydrocarlion. 

Tetrahydro-p-cymenes  are  the  two  hydrocarbons — 

Carvomenthene,  Cj^H,,},  boiling  at  175^,  and  Menthene,  Menthomenthene^  ^10^ is* 
boiling  at  167®,  with  sp.  gr.  0.806  (20*^)  or  0.814  (20°).  The  latter  is  best  made  by 
acting  with  potassium  phenolate  upon  mentliyl  chloride  (B.  29, 1843).  ^^  ^-  ^Q*  ^^*  ^^^r 
tbe  mirosQ-chlorides, 

The  constitution  of  the  two  hydrocarbons  follows  from  their  relation  to  carvacrol  and 
menthol.  Carvacrol  (p.  145)  readily  results  from  a  rearrangement  of  carvone  (constitution, 
compare  p.  320),  which  upon  reduction  yields  tetrahydrocarveol  (p.  314),  with  which 
menthol  is  isomeric.  The  constitution  of  menthol,  on  the  other  hand,  is  proved  by  con- 
version of  the  corresponding  ketone,  menthone  (p.  318),  into  3-chlorcymene  and  thymol. 
By  removing  water  from  these  alcohols,  or  hydrogen  chloride  from  their  chlorides,  two 
different  tetrahydrocymenes  were  formed : 

yCH,— ClI(OH)\  /CH,  /ClL.CHv  xCH. 

CH,.CnC  ^    '      ,  ^      ^/CII.CHC       '-^CH,.CIIC       '  ^c.zwC 

•        \CII,— CH, /  \CH,  *        \CH,  .  CH,/  \CH, 

Menthul  Menthene 

•     \CH  -  -_^CH/  \CII,^     '        \CH=--CH/  \CH, 


Carvacrol  ^-^^^^  Carvone 


™^cH<-;!::!::^;;:>cn.c„<-;^„,<-™.>c„c,<^U 

Tetrahydrocarveol  Carvomenthene. 

When  oxidized  with  potassium  permanganate  menthene  yields  (i)  menthene  glycol  (p. 
315),  (2)  a  keto-alcohol  boiling  at  105®  (13.5  mm.),  and  (3)  the  fatty  acids  arising  from 
menthone  (6.  27,  1636). 


a.  ALCOHOLS  OP  THE  TERPAN  OR  MENTHAN  GROUP. 

I  {a)  Monacid  Menthan  Alcohols.— Hexahydro-p-cyraene  yields 
the  isomeric  menthols. 

Secondary  Menthols. — 1-Menthol,  Mentha  Camphor ^  Oxyhexahydro- 
eywune^  5  -Methyl-  2  isopropylhexahydrophenol^ 

CH,.CH<^JJj;^{:{(^>CH  .CH(CH,),  (see  above),  melting  at  42^  and 

boiling  at  212^.  It  is  the  chief  constituent  of  peppermint  oil  (from 
Mentha  piperita).  It  is  formed  in  the  reduction  of  menthone  (J.  pr.  Ch. 
[2],  55, 14)  and  is  oxidized  by  chromic  acid  to  1-menthone  (p.  318).  ^y 
the  exit  of  water  it  yields  menthene  (see  above),  and  by  reduction  hexa- 
hydrocymene results  (above).     Potassium  permanganate  converts  vt  vclV.^ 
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•CH, .  CO,H 
oxomenthylic  acid,  CH,.CH(       '        *      .CO  . CH .  (CH,)„  boiling  at  174* 

(15  mm.)  (A.   289,  362),  and  ^-pimelic  acid  or  ^-methyl  adipic  acid, 

CIIj.Ch/      **      *   '^'CO.H,  melting  at  89**  (B.  27,  1818).     The  speed 

of  ester  formation  would  indicate  menthol  to  be  a  secondary  alcohol. 

Menthyl  Chloride,  C,oHi,Cl,  boils  at  204°.     The  ethyl  eiher  boils  at  2I2<>,  and  the 

benzoyl  ester  melts  at  54°. 

Tetrahydrocarveol,  CH,.  CII<^"^^^^""^^«>CH.  CH(CH,)„  isomeric  with 

menthol,  is  a  thick  oil,  volatile  without  decomposition.  It  is  formed  when  tetrahydio- 
carvone  and  carvenone  (p.  319)  are  reduced  in  moist  ethereal  solution  with  metallic 
so<liuni.  Its  genetic  connection  with  carvacrol  (see  above)  would  indicate  its  consti- 
tution. 

Thujamenthol,  Bihydroisothujol,  C,oH„ .  OH,  boiling  at  211-212®,  with  sp.  gr. 
0.9015,  no--  1*4636  (20®)  fB.  28,  1958),  results  from  Sie  reduction  of  isothujone. 
Although  carvenone  and  isotnujone  both  yield  carvacrol  with  ferric  chloride,  they  yet 
form  different  hexahydromonoxycymenes,  in  which  the  OH-group  should  occupy  the 
same  position. 

Tertiary  menthols  are  produced  when  their  hydriodic  acid  esters,  addition  products 
of  HI  and  menthene  by  means  of  carvomenthene,  are*treated  with  silver  acetate,  and  the 
resulting  acetates  then  saponified  (sec  also  13.  29,  1844). 

Tertiary  Menthol,  CH,.  CII<^|{»  ~  ^J|»>C(OH).  CH(CH,)„  boUing  at  100° 

(20  mm.),  has  a  faint  peppermint-like  odor. 

Tertiary  Carvomenthol,  CH3C(OII)<^[J»  ~  CH*>^^'  *  CH(CH,)„  boils  at  96- 

ioo°  (17  mm.). 

(Ji)  Diacid  Alcohols. — In  this  group  are  the  two  terpines,  cis-terpine 
and  trans-terpinc,  corresponding  to  the  cis-  and  trans-dipentenedihydro- 
bromides,  with  which  they  are  intimately  related.  At  present  the  follow- 
ing formulas  are  assigned  them  (see  B.  29,  5) : 

CH3.  p^CH,— CH,.  ^  .II  HO  ^p  XH,— CH,>^p^H 

IIO-^^^CH,— CII,->^^C(CH3),0H  CHj^'^'^CH,— CH,'^^'^C(CH,),OH. 

cis-Tcrpine  trans-Terpine. 

These  are  in  harmony  with  the  oxidation  of  terpine  hydrate  to  terebic 
acid  (p.  324),  as  well  as  with  its  formation  from  linalool  (p.  310).  Cineol 
is  to  be  regarded  as  the  oxide  corresponding  to  the  «V-terpine. 

Terpine,  c\s  Terpine,  C„,II,^(OH),,  melting  at  104®  and  boiling  at  258^,  readily 
parts  with  water  and  becomes  terpine  hydrate,  C,oH,g(OH)-  -|-  H,0,  melting  at  1 17®, 
from  which  it  is  prepared  by  protracted  heating  to  loo*'.  Terpine  corresponds  to  cis- 
dipentenedihydrobromide  (p.  31 1),  from  which  it  can  be  obtained  by  treatment  with  silver 
acetate  in  glacial  acetic  acid,  and  saponifying  the  resulting  diacetyl  derivative  with  alco- 
holic potash.  Terpine  hydrate  is  also  produced  if  turpentine  oil  is  allowed  to  stand  with 
dilute  nitric  acid  and  alcohol  (A.  227,  284),  as  well  as  from  pinene  (p.  322),  dipentene, 
and  d-limonene  with  dilute  acids.  It  forms,  furthermore,  on  bringing  dipentene  and 
d-limonene  dihydrochloride  in  contact  with  water,  and  when  terpineol  (p.  316)  and 
cineol  are  acted  uiK>n  with  dilute  acids. 

The  haloid  acids  convert  tcq)ine  hydrate  into  the  cis-  and  trans-dihydrohalides  of 
dipentene.  When  boiled  with  dilute  acids  it  passes  into  terpineols  (B.  27,  443,  815), 
cineol,  dipentene,  terpines,  and  terpinolenes. 

tr&nsTerpint,  C^q\I^J^01\\,  melUn^  al  i$6-i$8°  and  boiling  at  263-265®,  is  formed 
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fiom  trans-dipentenedihydFobromide  (see  cis-lerpine),  into  which  it  finally  reverts  upon 
treatment  with  hydrogen  bromide.     It  does  not  combine  with  water  of  crystallization. 

Cineol,  Ci,H,jiO,  boiling  at  176°,  with  sp.  gr.  0.923  (16**),  no  =  1.4559,  is  a  liquid 
with  a  camphor-like  odor.  It  occurs  in  many  ethereal  oils,  in  OUum  chia^  the  worm- 
aeed  oil  of  Artemisia  etna,  cajeput  oil,  eucalyptus  oil,  rosemary  oil,  etc.  Hydrochloric 
acid  gas  conducted  into  a  petroleum  ether  solution  of  cineol  precipitates  an  unstable 
addition  product,  CioH,gO.  HCl  (?),  which  water  resolves  into  its  components,  and 
which  serves  for  the  separation  of  cineol.  In  glacial  acetic  acid  solution  the  haloid  acids 
change  cineol  into  dipentene  dihydro-halides.  At  low  temperatures  hydrogen  bromide 
produces  cis-dipentenedihydrobromide  (p.  312).  P^S^  converts  cineol  into  cymene. 
rotassium  permanganate  oxidizes  cineol  (i)  into  cineolic  acid  (2),  the  anhydride  (3)  of 
which  yields,  upon  distillation,  methylhexylene  ketoi)e  or  methyl  heptenone  (4)  (con- 
atitation,  p.  310),  while  the  latter  may  be  arranged  to  m-dihydroisoxylene  (5)  (p.  294). 
This  series  of  reactions  is  shoi¥n  in  the  following  diagram : 


(,)CH, CH^ 

(CH,),C      CH, 


(2)  CH, CH 


0      CH," 

CH, ^    ^ 

CH, 


(CH,),(I:      CO,H 


(3)CH, CH^ 

»9 


(CH,), 


CO 

co'^ 


!>   ->°-^ 


O      CO,H 
CH, i    '^  CH, ^    ^ 

(!:h,  in, 

(4)CH, CH  (5)    /CH^ 

CH,.C;.CH,  CH,       eCH, 

^      CH,       CH     • 
CH, CO  ^^ 

in,  CH, 

Cineolic  Acid  melts  at  196-197®  with  decomposition ;  its  anhydride  melts  at  78® 
and  lK>ils  at  157°  (13  mm.). 

Menthene  Glycol,  CioII,g(OH)„  melting  at  77°  and  boiling  at  130°  {\i  mm.),  re- 
solts  when  menthene  is  oxidized  with  potassium  permanganate  (B.  27,  1630). 

(e)  Triacid  Menthan  Alcohols  have  been  obtained  by  oxidizing  menthene  alco- 
hols with  potassium  permanganate. 

I.  Triozyhezahydrocymene,  C,«H„[2,8,9](OH),  (i),  from  dihydrocarveol  (see 
below),  is  a  s)rnip,  and  with  dilute  sulphuric  acid  yields  an  indifferent  oxide,  Cj^H,/), 
boiling  at  196-199°  (A.  277,  152),  while  upon  oxidation  with  chromic  acid  it  forms  a 
ketone-alcohol  :  ^-acetylhexahydro-o-cresol^  melting  at  58°  (2),  which  upon  further  oxi- 
dation changes  to  htxahydrthm-oxy-'^toluic  acidy  melting  at  1 5 3°  (3) .  The  constitution  of 
this  last  acid  is  evident  from  its  conversion  by  bromine  into  m-oxy-p-fo/uic  acid,  melting 
at  203®  (4).    These  experiments  give  rise  to  the  constitution  formiuas  (B.  a8,'2i4i) : 


CH,  CH, 

CH,  CH, 

CH,  CH, 

y 

c 

y 

^H 

H,C    CH, 

H,C    CH, 

H,C    CH, 

hJ:  ^h" 

^ni  io  "^H,(!:  (!;hoh 

y 

y 

Yh 

in. 

tH. 
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Canrooc 

Dihydrocanreol 

CH,  CH,OH 
COH 

♦dn 
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H,C    CH, 

"h,c  choh"" 
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CH, 


3>^ 
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CO,H 
*CH 

CO,H 

H,C     CH, 

HC     CH 

H,t     ^HOH  ~ 

"^ni    ioH 

CH 

y 

u 

i». 

(3) 

(4) 

2.  Trioxyhexahydiocymene,  Diozjrterpineol,  C„H„(OH)„  mehmg  at  I2I^ 
formed  from  the  ter))ineol  melting  at  35**,  passes  into  canrenooe  (p.  319)  iriiett  it  is 
acted  upon  with  dilute  sulphuric  acid  (A.  277,  122). 


3.  Triozyhexahydrocymene,  C|0H,f[i,4,8](OH),  -f  3H,0,  melts  in  the  iiihj- 

"       ■"    at  200°  (2  ■     " 

(13.  a8,  2296). 


drous  state  at  110-112*^  and  boils 


(20  mm.).     It  is  formed  from  A^tg-lerpiDeoI 


((/)  Tetracid  Menthan  Alcohols. — When  d-limonene  is  oxidixed  it  yields  Lioo- 
netrite,  CioH„(Oil)^,  melting  at  192^'  (B.  23,  2315).  This  is  a  sweet-tasting  bodj 
l>eIon|;ing  to  this  class  of  compounds.  Its  constitution  is  Tariously  considered,  depend- 
ing upon  the  views  held  in  regard  to  the  point  of  doable  onion  in  limonene  (B.  18, 
2149). 

II.  Menthene  Alcohols,  Ci^IIi^OH,  when  oxidized  with  potassium  permaoganste, 
yield  triacid  alcohols. 

The  reduction  of  the  ketones,  canrone,  eucarvone  (p.  321),  and  thnjooe  (p.  319).  or 
tanacctone,  gives  rise  to  three  different  alcohols:  C,qH„.OH;  (i)  Dihydrocarveol, 
boiling  at  224°  (760  mm.),  112°  (14  mm.),  with  sp.  gr.  0.927  (27°)  no  =  I.4S168,  is 
optically  active,  and  has  an  agreeable  odor,  recalling  that  of  the  terpineols  ;  (2)  Dihydio- 
eucarveol  boils  at  109°  (21  mm.);  (3)  Thujyl  Alcohol,  Tattacetyl  Alcokol^Xxf^  tX 
92.5°  (13  nun.).     Its  sp.  gr.  equals  0.9249,  with  nD=  1.4635. 

Terpineols:  Terpineol,  CH, . C^        ~       *^H  .  C(OH)(CH,)^    melting  it 

\CHj  —  CHjX 
35°,  is  forined  from  terpine  hydrate  (p.  314)  by  the  withdrawal  of  two  molecules  of 
water  (A.  275, 104).  It  combines  very  readily  with  nitrosyl  chloride.  When  hydrogen 
chK)riile  is  withdrawn  from  this  body  an  oxyoxime^  melting  at  134**,  is  produced.  Boil- 
ing ililiite  acids  change  it  to  carvacrol  and  carvone  (B.  29,  R.  587).  Hence  it  follows 
that  in  terpineol  and  carvone  the  carl>on  atoms  are  similarly  grouped.  Terpineol  nilruso- 
chloride  and  limonene  nilrosochloride  are  correspondingly  constituted  (p.  311)  (B.  29, 
9).  Potassium  pernmnganate  oxidizes  terpineol  (l)  into  trioxyhexahydrocymene,  melt- 
ing at  121°  (2),  while  with  chromic  acid  it  yields  a  ketone-lactone,  homoterpenylic  acid 
methyl  ketone,  C,(,IJjg(),  (3),  which,  under  the  influence  of  potassium  permanganate, 
breaks  down  into  acetic  acid  and  terjjenylic  acid  (4)  (p.  324).  Therefore,  in  terpineol 
melting  at  35°,  the  Oil-group  probably  is  in  union  with  carbon  atom  8  (B.  28,  I773t 
'779): 
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When  terpineol  is  heated  with  potassium  bisulphate  it  changes  to  dipentene^  and  when 
boHed  with  oxalic  acid  to  terpinolme  (p.  312)  (A.  275,  104). 

The  same  constitution  has  been  recently  assigned  to  an  optically  active  terpineol  boil- 
iag  at  215**,  which  has  been  made  from  d-Iimonene  hydrochloride ;  it  has  the  odor  both 
of  the  may  flower  and  of  lilac  (B.  a8,  2189). 

Terpineol,  CH,C(OH)<^|J*  ~  ch!>^  =  C(CH,)„  melts  at  690.  Its  aceUte 
results  on  treating  tribromterpan  or  tetrahydrodipentene  tribromide  (p.  31 1^  with  glacial 
•cetic  acid  and  zinc-dust.  HBr  converts  it  into  dipentene  dihydrobromide,  and  with 
NOCl  a  bine  nitrosochloride»  just  as  tetramethylethylene  does.  Consequently  it  prob- 
ably also  contains  a  tertiary-tertiary  double  union.  In  addition,  its  OH -group  must  be  in 
such  a  position  that  dipentenedihydrobromide  can  be  produced  with  hydrogen  bromide. 

III.  MenthadiCne  Alcohols.— Carveol  Methyl  Ether,  CiqIIi^OCH,,  boiling  at 
2o8-2l2<^,  with  sp  gr.  0.9065,  no  =  1.47586  (18^),  represents  the  methyl  ether  of 
such  an  alcohol.  It  is  formed  in  the  action  of  sodium  upon  the  alcoholic  solution  of 
liiiiooene  tetrabromide.  Chromic  acid  oxidizes  it  to  inactive  carvone  (A.  281, 140).  Iso- 
canreol,  C,^uOH,  is  obtained  from  pinylamine  (A.  279,  387). 


3.  BA8BS  OP  THE  TBRPAN  OR  MENTHAN  GROUP. 

Mentimn  bases  have  been  obtained  by  the  reduction  of  the  oximes  of  the  menthan 
ketones  with  sodium  and  alcohol,  or  upon  heating  the  ketones  with  ammonium  carbon- 
ate. 

R-Menthylamine  and  L-Mentbylamine, 
/NH, 

CH,.CH<^|J»~^JJ^>CH.CH(CH,)„  boiling  at  205°,  have  an  unpleasant  odor 

and  attract  CO,  from  the  air.  The  bases  have  opposite,  but  unequal^  rotatory  power ;  the 
same  is  true  of  their  derivatives  (A.  276,  299).  They  can  be  separated  by  means  of  their 
ibrmyl  compounds,  l)oth  of  which  are  formed  on  heating  menthene  with  ammonium  for- 
mate. K' Formylmenthylamine,  melting  at  117°,  dissolves  with  more  difficulty.  L-/br- 
mybnenthylamine  melts  at  102®.  L-menthylamine  can  also  be  obtained  from  1-men- 
thoxime. 

Tetrahydrocsrvylamine,  Carvomenthylamine^ 

CH,.  CH<g[|^^"«)  ~^|{«>CH  .  CH(CH,)„  boils  at  2120  (A.  277,  137). 

Tert.   Menthylamine,  CH,.  CH<^|J«  ~  ^J][»>C(NH,)CH(CH5)„  and  Tert. 

Carvomeiitbylamine,  Cn,(Nn,)C<^[J»  ~  ^|J«>CH .  CH(CI  I,),,  have  been  obtained 

by  the  interaction  of  menthene  hydrobromide,  carvomenthene  hydrobromide,  and  silver 
cyanate,  with  subsequent  saponification  (B.  26,  2270,  2562). 

Menthene  bases  have  been  prepared  by  the  reduction  of  the  oximes  of  menthene 
ketones. 

Dihydrocarvylamine,  C,^H„NH,,  boiling  at  219°,  with  sp.  gr.  0.889  (20°),  nD  = 
1.48294,  is  optically  active,  ana  is  obtained  from  carvonoxime,  CpHi^:  NOH.  Its 
hydrochloride  Ineaks  down  completely  at  200^  into  ammonium  chlonde  and  terpinene, 
which  in  so  doing  passes  partly  into  cymene  (A.  275, 120 ;  B.  24,  3984).  Caiylamine, 
C|glI|^NHg,  from  caronoxime,  is  stable  in  the  presence  of  potassium  permanganate,  but 
is  leairanged  by  hydrochloric  acid  into  isomeric  vestrylamine^  the  hydrochloride  of  which 
yields  carvestrene  upon  the  application  of  heat.  Dihydroeucarvylamine,  C,^!!,^ .  NH,, 
is  formed  from  eucanroxime  (B.  27,  3487).  dr-Thujonamine,  C,oH,fNH„  is  obtained 
from  the  thujone  oxime  melting  at  52^.  Its  hydrochloride,  when  heated,  yields  thujene 
or  tanacetefie  (p.  312).  The  thujonoxime,  melting  at  90^,  yields  an  isomeric  /?-thu- 
jonamtne.  A  third  isothuionamine  results  from  isothujonoxime  (A.  286, 96),  melting 
at  119^.     Pulegonamine  (A.  262,  13;  B.  29,  R.  173). 

Ni/roittmines  have  been  obtained  from  nitroso-chlorides— #.^.,  limonene — by  trans- 
positioo  with  primary  and  secondary  bases. 
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4.  THE  RINO-KETONB8  OP  THB  TBRPAN  OR  MENTHAN  GROUP. 

Ketones  like  these  are  found  in  the  vegetable  kingdom.  They  are 
produced  by  the  oxidation  of  the  corresponding  secondary  alcohols, 
and  by  continued  oxidation  they  change  to  cyclic  and  aliphatic  car- 
l>oxylic  acids, — decomposition  products, — the  constitution  of  which 
furnish  insight  into  the  constitution  of  the  ring-ketones  and  their  deriva- 
tives. The  ring-ketones  of  the  terpan-group,  like  other  ketones,  are 
characterized  by  their  oximes  and  the  s|>aring  solubility  of  their  semicar- 
l>azones. 

(a)  Ketomenthans,  Ketohexahydro-p-cymene,  CioH,bO. 

Menthone,  CH^ .  CH<^{{»  ;^^^  >CH  .  CH(CH,)„  boiling  at  2o6^  sus- 
tains the  same  relation  to  menthol  that  camphor  bears  to  bomeol  (p. 
324).  It  occurs  in  American  and  Russian  peppermint  oils,  together  with 
menthol,  esters  of  menthol,  menthene,  and  limonene.  .Menthone  is 
known  in  two  optically  active  modifications.  1-Menthone  is  obtained 
upon  oxidizing  menthol  with  potassium  bichromate  and  sulphuric  acid  at 
a  temperature  not  exceeding  50°  (A.  250,  322).  Its  sp.  gravity  equals 
0.S96  (20°),  [«]d=  —  28°.  Concentrated  sulphuric  acid,  in  the  cold, 
rearranges  1-menthone  to  d-menthone,  [a]D=  +  28**. 


The  constitution  of  menthone  (see  p.  313)  is  demonstrated  (i)  by  its  conversion  into 
3chlorrymene  ;  TClj  changes  menthone  to  dichhrhexahydrocymeney  which  splits  off  hy- 
drogen clik»ride  and  becomes  tetrahydrochlorcymene :  this  in  turn,  by  the  action  of  l»ro- 
miiic  and  <|uinoline,  loses  hydrogen  and  ychlorcymene  results  (13.  ag,  314).  (2)  By  the 
fonnation  of  tfiymoi  {\),  144)  through  the  ehmination  of  2llBrfrom  Dibrom -menthone, 
C,.II,fJlr2(),  melting  at  So°,  which  is  produced  in  the  bromination  of  menthone  in  chlo- 
rottmn  solution  (!•.  29,  418). 

When  1 -menthone  is  reduced  Ity  sodium  it  forms  l-m^ifM^/,  while  with  ammonium 
formate  the  product  is  L-menthylamine  (p.  317).     Potassium  permanganate  oxidizes  it  to 

oxomcftthy lie  acid,   CII3.CII/        *         *       XO .  CH(CH,)„   and    P-metkyl    adipic 

and  (1,454;  I^.  27,  1S20).  Amylnitrite  and  hydrochloric  acid  convert  menthone  into 
nitn)Sfini(?nthone  and  menthoxifnic  acidy  melting  at  98°.  This  is  the  oxime  of  oxomen* 
thylic  acid  (B.  29,  27).  Sodium  and  amyl  formate  change  menthone  to  ozymethylene 
menthone,  !)oiling  at  121°  (12  mm.).  See  B.  ag,  1599,  for  the  condensation  of  men- 
thone with  aldehydes. 

1-Menthoximc  melts  at  59°  and  boils  at  250** ;  [«]d  ^=  — 42°.  When  it  is  treated  with 
PCI5  in  chloroform,  or  with  acetic  anhydride,  or  concentrated  sulphuric  acid,  it  becomes 
iso-1-menthoxime,  melting  at  119°  and  boiling  at  295**;  [<iJd  =  —  52.25**.  P,Oj 
converts  bgth  oximes  into  menthonitrile,  CgH,-CN,  boiling  at  225®,  which  boiling 
sodium  alcoholate  changes  to  menthoamide,  CyHj^CO  .  NH,,  melting  at  105^,  and 
liquid  menthoic  acid,  C.,!!,,.  CO,H. 

Tetrahydrocarvone,    Clf,  .  CH  .  <^^  *  CH*>^^ '  CH(CH,),  (constitution,  see 

canfomnithetic,  p.  313),  with  sp.  gr.  0.904  (20°),  nD=  1.45539.  «  produced  in  the 
oxidation  of  tetrahydrocarveol  (p.  314).  The  oxime  melts  at  104**,  the  a-isoxime  at  51**. 
ji-Isoxiffif  melts  at  104°.  The  $fmiairhazonf  melts  at  174®  (A.  277,  I33 ;  a86,  107  ; 
B,  a6,  822).  When  oxidized  with  ix>tassium  permanganate  or  treated  with  amyl  nitrite 
and  hydrochloric  acid,  tetrahydrocarvone  is  decomiK)scd  like  menthone  with  the  produc- 

IIOOC— CILv 
tion  of  an  acid,  CH,  .  <^X)y  pCII.  C3II,,  pisopropyh^-acetyl  valeric  aciJy 
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isomeric  with  oxomenthylic  add.  Energetic  oxidation  produces  isopropyl  succinic  acid 
(B  ag,  27). 

Thujamenthone,  boiling  at  208^,  with  sp.  gr.  0.891,  nD=  1.44708  (20^),  results 
finom  the  oxidation  of  thnjamenthol  (B.  a8,  1959). 

{i>\  Ketomenthenes,  CiqHj^O,  occur  to  a  certain  extent  in  nature,  others  are  pro- 
daoed  by  the  oxidation  of  the  corresponding  alcohols.    They  contain  (m^  double  union. 
CH-^v  yCH,  — CO  X 

d-  and  1-Dihydrocarvone,  ^„  ^C .  CH(  ^    *      ^^^  )CH  .  CH,,  boiling  at  221°, 
CHj/^  nCH,  —  CHj  ^ 

with  sp.  gr.  0.928  (19^),  Od=  I-47I74>  are  obtained  from  the  corresponding  dihydro- 
carreols.  The  oximes  melt  at  88°,  and  unite  to  the  inactive  [d  -f-  \\oxime^  melting  at 
1 15**.  Boiling  ferric  chloride  converts  dihydrocarvone  into  carvacrol — compare  carvenone 
and  carone.  Oxidation  with  potassium  permanganate  and  afterward  with  chromic  acid 
chiuiges  it  to  z^^-methyl  acetyl  cyclohexanont  (p.  316  and  B.  a8,  2147,  2704). 

Carvenone,  Carveol^  boiling  at  232°,  with  sp.  gr.  0.927,  nD=  14822,  is  produced 
together  with  cymene  when  dioxyterpineol,  melting  at  121°,  is  digested  with  dilute  sul- 
phuric acid ;  also  from  dihydrocarvone  with  sulphuric  acid  (A.  286, 1 29).  Its  oxime  melts 
at  91**,  the  semicarbasone  at  202°.     It  resembles  isothujone  very  much  (B.  a8,  1955). 

Dihydroeucarvone,  boiling  at  87°  (14  mm.),  is  obtained  from  dihydroeucarveol  (p. 
316)  (B.  a8,  646}.  The  following  ketones,  carone  and  thujone,  isomeric  with  the  keto- 
menthenes,  show  the  behavior  of  saturated  ketones ;  hence  it  is  assumed  that  double  rings 
•re  present  in  them  as  in  camphene  and  pinene. 

Carone  boils  at  210°,  being  at  the  same  time  rearranged  into  carvenone.  It  results  on 
treating  dihydrocarvone  hydrobromide  with  alcoholic  potash.  It  reverts  to  dihydro- 
carvone hydrobromide  again  through  the  action  of  hydrobromic  acid ;  whereas  sulphuric 
acid  changes  it  to  oxjrtetrahydrocarvone.  Carone  is  relatively  stable  toward  potassium 
permanganate,  which  first  attacks  it  at  the  water-bath  temperature,  forming  caronic 
acid,  CfHi^O.,  cis-  melting  at  175°  (the  anhydride  melting  at  55°),  and  trans-  melting  at 
212°.  We  thus  have  a  cis-  and  trans-  modification  of  the  acid,  which  would  prove 
caronic  acid  to  be  an  analogue  of  the  trimethylenedicari)oxylic  acids.  It  is  very  probably 
dimethyl  trimethylene-l,2-dicarboxylic  acid;  then  in  carone  there  would  be  a  combined 
tri-  and  hexametbylene  ring.  Caronic  acid  is  very  stable;  hydrobromic  acid  alone 
decomposes  it  readily  and  converts  it  into  the  isomeric  terebic  acid  (p.  324)  (B.  ag, 
2796) : 

CH,.CH  .CO  .CH\  yCH,    HOOCCHy^  /CH,      ioC.CH,  i/CH, 

<!:H,.CH,.(iH'^^\cH,   ^hooc.(!:h/ ^^CH,  ^HO.OciH^  \CH, 

Carone  Caronic  Acid  Terebic  Acid. 

(CH,),.CH.CH.CH.  CO 

Thujone,  Tanacet<me,\  ^^    (^H— in    CH    ^^  («>"?«'«   ^«  cam- 

phor formulas,  p.  328),  boiling  at  200°,  with  sp.  gr.  0.917  and  no  =  1. 451 1,  occurs  in  the 
oil  from  Tanacetum  vulgare,  in  that  of  worm- wood,  in  thuja-oil,  oil  of  absinthe,  and  in 
that  of  Artemisia  Barellieri,  Potassium  permanganate  oxidizes  thujone  to  a-  and  P- 
tMmjaJketone  carboxylic  acids^  melting  at  74°  and  78°.  Upon  the  application  of  heat  the 
a-actd  is  changed  to  the  ^-form,  which  probably  has  the  constitution  CH,.  CO.  CH,.- 
CH,CrCH(CH,),]  :  CH  .  COOH,  because  upon  oxidation  it  first  passes  into  a  diketone^ 
CH, .  00.  CH, .  CH, .  CO .  CH(CH,),,  and  then  into  u-dimethyl  lavulinic  acid;  com- 
pare upon  this  point,  as  well  as  in  regard  to  the  constitution  of  thujone,  isothujone  and 
canrotanacetone  (B.  30,  423,  429 ;  29,  885).  Alcoholic  sulphuric  acid  converts  thujone 
into  isothujone.  when  heated  to  280^  it  is  converted  into  canrotanacetone  (B.  28, 1959). 
Its  oxime t  melting  at  54^,  is  changed  to  carvacrylamine  (B.  30,  325)  by  alcoholic  sul- 
phuric acid. 

Isothujone  boils  at  231^ ;  sp.  gr.  0.927,  with  no  =  1.4822.  Formation— see  thu- 
jone. Its  oxime  melts  at  119^.  The  a-  and  ^-semicarbazones  melt  at  208°  and  Z48® 
(B.  28,  1955). 

Carvotanacetone  boils  at  228^*;  sp.  gr.  0.932  (21^),  with  nD=  1.47926.  For- 
mation— see  thujone.  Its  oxime  melts  at  119°.  The  semicarbazone  melts  at  177^  (B. 
as.  loso). 
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Pulcgone,  CH,.  CH<^"»  *  ^  >C  =  C(CH,)^  boik  at  12I« ;  wp.  gr.  apjS,  wiih 

no  =  1.4846.  It  is  present  in  the  etheieml  oils  from  MnMa  fmiegimm  and  Ifedeoma 
ptUef^ddes^  which  occur  in  commerce  under  the  nine  petei-mUs,  The  additran  of  hydrogen 
to  pulefTone  prcxluces  mentbene.  fi- Methyl  adt^t  atid  and  acetone  are  produced  by  its 
oxidation,  while  it  splits,  upon  heating  with  anhydrous  fonnic  acid,  into  acetone  and 
3  methyl  hexanone,  which  is  also  oxidized  to  )3-methy]  adipic  add  (A.  aSg.  337) : 

|CII,.Cn^^{{»V^^^,^^C  -  C{CH,),  -^^'->CH^CH<^Uj;^  >CH.CH(CH,), 

•^CH,  CM     J:|{^  g^^^/CH,(  +  C0(CII,),)->CH,XH<^{J«;^^3JC00H. 

When  citronellal  is  condensed  with  acetic  anhydride  it  yields  a  secondary  cyclic 
alcohol — isofHilejcone — which  is  very  similar  to  pnlegooe,  and  by  hydrolytic  decomposition 
yields  3  methyl  cyclohexanone  (B.  30,  22).  Isopulegone  is  reccHiTeited  into  pulegone 
by  long  shaking  with  a  baryta  solution. 

(r)  Menthadien  Ketones,  Ketodihydro-^cymenes^  C^HmO. — ^The 
most  impdrtant  member  of  this  group  is  carvoncy  formerly  called  carvol. 
Its  imiKjrtancc  is  due  to  its  intimate  relationship  to  carvacrol  and  limonene, 
which  are  isomeric  with  it.  Carvone  is  known  in  three  modifications, 
the  d-,  1-,  and  [d  +  )]-. 

d-Carvone,    CII,  .  C^^^^    ^^\c .  CH(CH,),  (B.  aS,  31).  or 

•     /CO.rn    V  ..x^H.CH.v*  /CH, 

^"'  ^'<c.,  .,.„>^-  c«(c".)"  -  ^».-  <o .  ch;>^"  ■  *^<ch;  ^^ 

(H.  28,  2145),  [«]i,  =  -f-  62**,  l)oiling  at  225**,  occurs  in  oil  of  cumin  and 
in  dill-oil.  When  heated  with  potassium  hydroxide  or  phosphoric  acid  it 
changes  to  isomeric  carvacrol  or  2-methyl-5-isopropyl-oxybenzene ;  hence 
it  is  assumed  that  in  carvone  the  CO-group,  like  the  OH-group  in  carvacrol, 
is  in  the  ortho-position  with  reference  to  the  methyl  group.  Reduction 
changes  it  to  dihydrocarveol  (p.  316),  while  ammonium  formate  converts 
it  into  (lihydrocarvylamine  (p.  317).  Potassium  permanganate  oxidizes 
carvone  to  oxyierpenylic  acui,  CgHuOj,  which  easily  changes  to  a  dilac- 
tone,  ('„H,or)4,  melting  at  129°  (B.  27,  3333;  28,  2148).  The  carvones 
combine  with  hydrogen  sulphide,  hydrogen  chloride,  hydrogen  bromide, 
and  hromine  (H.  28,  R.  54?^). 

1-Carvone,  [«]»  =  —  62**,  boiling  at  225°,  occurs  in  curomoji  oil 
(15  24,  Si).  It  is  obtained  [uire  by  distilling  its  hydrogen  sulphide  com- 
jM)un<l,  melting  at  1S7®,  with  caustic  potash. 

[d  +  l]-Carvone,  boiling  at  225°,  is  formed  on  mixing  d-  and  1-car- 
vone,  as  well  as  by  oxidizing  carveol  methyl  ether  (p.  317).  Formation 
from  terpineol.  B.  29,  R.  587. 

The  three  carvones  are  linked  through  the  three  carvoximes  to  the 
three  corresponding  limonenes.  The  carvoximes  are  prepared  not  only 
by  the  action  of  hydroxylamine  uix)n  the  carvones,  but  also  upon  boil- 
ing the  limoncnc  nitrosochlorides  with  alcoholic  potash.  d-Carvone  and 
1-limonene  corres])()nd  on  the  one  side  to  each  other,  while  on  the  other 
1-carvone  and  d-limonene  correspond,  inasmuch  as  l-limonene  nitroso- 
chhrhlc  yieJds  d-carvoxime,  and  d-\ux\oweue  tvitrosochloride  1-carvoxime. 
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d-Cftrvozime,  [tf]D  =  +  39-7i^  ^^^  1-Carvozime,  [tf]D  =  —  39•34^  melt  at  72^. 
[d  -|-  1]-Carvoziine  melts  at  33°  aod  is  obtained  from  dipentene  nitrosochloride  (p. 
312).  Concentrated  sulphuric  acid  rearranges  carvoxime  to  p-amidothymol  (compare 
p.  70,  rearrangement  of  ^-phenylhydroxylamine  to  p-amidophenol»  A.  279,  366). 

Bncarvone,  C,oH,.0,  boiling  at  104®  (25  mm.),  with  sp.  gr.  0.948  (20°),  results  on 
CRtting  canrone  hydrobromide  with  alcoholic  potash,  and  with  methyl  alcoholic  potash 
wt  •  definite  temperature  forms  a  deep-blue,  unstable  color.  The  oximt  melts  at  106''. 
The  semicardatone,  CjqHj^  :  N  .  NH  .  CO .  NH,,  melts  at  184°.  The  reduction  of  eucar- 
▼one  produces  dihydroeucarreol  (p.  316) ;  see  B.  29,  18,  for  its  oxidation. 

Isocarvone,  C,oH|^0,  boiling  at  222-224°,  with  sp.  gr.  0.989  (19°),  no  =  1-5067, 
results  from  the  oxidation  of  isocarveol  (p.  317).     Its  oximf  melts  at  98°. 


C.  CAMPHAN  GROUP. 

Camphor  is  the  most  important  derivative  of  this  group.  Bredt  con- 
siders it  to  be  the  ketone  of  a  hexahydrobenzene  in  which  two  carbon 
atoms,  occupying  the  p-position,  are  linked  to  each  other  by  the  group 

CHg .  C .  CHg.  To  one  of  these  carbon  atoms  there  is  also  attached  a 
methyl  group.  It  would,  therefore,  be  necessary  to  assume  that  in  the 
hydrocarbons  closely  allied  to  camphor  there  was  probably  a  similar  car- 
bon skeleton  present : 


CH,  — CH  — CH, 
CHj.ci.CH, 

CH,  — CH— CH 
CH,.(i.CH,  j 

CH,  — CH CH, 

/^(CH,),         (?) 
CH  —  C-^-^^CH 

in, 

Pinene. 

CH,      6          CO 
Camphor,  CioHhO 

CH,— C^ CH 

(!:h, 

Campheiie 

Fenchone  is  very  much  like  camphor.     Hence,  fenchene,  derived  from 
fenchone,  will  be  classed  with  camphene  and  pinene. 


I.  HYDROCARBONS. 

Camphene,  QoH,,  (Constitution,  see  above),  melting  at  48**  (53**) 
and  boiling  at  160°,  nD=  1.45514(54**),  is  the  only  known  so/tW  ter- 
pene.  It  is  known  in  a  d-,  1-,  and  an  optically  inactive  modification ; 
these  are  similar  in  chemical  deportment.  Camphene  has  been  found,  by 
a  rearrangement,  in  isoborneol,  in  the  oil  from  Andropogon  nardus,  and  in 
camphor  oil  (B.  27,  R.  163).  It  is  obtained  (i)  from  borneol  by  the  ac- 
tion of  potassium  bisulphate  at  200°  ;  (2)  by  the  action  of  ZnCl,  or  dilute 
sulphuric  acid  upon  isoborneol ;  (3)  when  sodium  acetate  and  glacial  acetic 
acid  at  200^  act  upon  pinene  hydrochloride ;  and  (4)  on  digesting  bornyl 
chloride  (p.  325)  with  aniline. 

Camphene  Hydrochloride,  CioHj^a,  melting  at  149-151^,  is  produced  when  HCl 
is  conducted  into  an  alcoholic  camphene  solution.  It  is  identical  with  the  isobornyl 
cfak>ride  obtained  from  isoborneol  (p.  325). 

Cnmphene  Dibfomide,  C|pH,f  Br,,  melting  at  89°,  together  with  liquid  bromcam- 
phene,  Cj^Hj^Br  (B.  19,  544,  697,  900),  is  formed  when  bromine  in  petroleum  ether 
acts  upon  camphene.  Gunphene,  treated  with  glacial  acetic  acid  and  concentrated  sul- 
phuric acid,  yields  isobanuol  acetaie. 
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Cliromyl  chloride  in  car1x>n  bisulphide  solntion  changes  cmmphene  to  the  compouod 
C^Iiif .  2CK.)2C1,.  Water  decomposes  this  body,  with  the  fonnation  of  an  aldehyde— 
camphenilan  aldehyde ,  Cgll^O,  melting  at  yo**  and  boiling  at  96°  (I4  mm.)-  The 
oxidation  of  this  aldehyde  gives  rise  to  two  isomeric  campkenilanic  acids^  Q^fiyP^ 
melting  at  65^  and  118°,  which  can  be  changed  through  the  corresponding  a-hrtfrn-acid 
into  oxycatnphenilanic  acid,  camphenilol  acid,  C,o^m^i»  nielting  at  171®.  This  latter 
acid  is  also  formed  when  camphcne  is  oxidized  with  potassium  permanganate.  Its 
further  oxidation  causes  the  elimination  of  carbon  dioxide  and  the  formation  of  a  ketone, 
Camphenilon,  C,olIi/.),  melting  at  35°  and  boiling  at  81**  (12  mm.).  This  is  the 
lower  rin(;-homolo(;uc  of  camphor  (p.  326) ;  it  resembles  the  latter  in  odor  and  in  chemi- 
cal lycliavior.  The  camphenilan  aldehyde  and  camphenilol -acid  very  probably  owe  their 
production  to  a  camphene  glycol  (p.  325)  and  camphorquinone,  formed  at  the  first,  but 
which  sustain  rearrangements  like  those  of  pinacone  and  benzilic  acid.  This  change  is 
re[)resentcd  in  the  following  formulas  (privately  communicated  by  J.  Bredt  and  Jagelki; 
compare  C,  1897;  I,  1056): 


/CH  yCH . OH 

^CII  ^CII.OH 

Camphene  Camphene  Glycol 


— ^Q,H,^>cii  .cno— m:8H,^>ch  .cooh 

Camphenilan  Aldehyde  Camphenilanic  Acid 


/CO 


c,n,/  I  (?) w:,H,.>c(OH)cooH 


Camphor-qninone  Camphenilol  Acid 

C,H„>CO 
OuDupMnilone. 

Dilute  nitric  acid  converts  camphene  into  tribasic  Carbozyl-apocamphoric  Acid, 
C///;////*»-^r/V/,  C,  11, j(COjH)j,  melting  at  196°;  when  heated  this  becomes  dibasic  apo- 
cani]>})oric  nci<l  (p.  322).     Chromic  acid  oxidizes  camphene  to  camphor. 

Dihydrocamphene,  C,oI I, ^,  melting  at  155^  and  boiling  at  159^,  is  formed  when 
sodium  and  alculiol  act  uj)on  1-pinene  hydrochloride  and  d-bomyl  chloride.  It  is  opti- 
cally inactive,  and  sublimes  with  ease  (v.  Rosenberg,  private  communication). 

Pinene,  C,oH,ft  (see  above  for  constitution),  boiling  at  155°,  with 
s]).  gr.  0.858  (20°),  nD=^^  1.46553  (21°),  is  the  chief  ingredient  of  the 
turj)ontinc  oils  obtained  from  the  different  varieties  of  pine.  It  also 
occurs  in  many  other  ethereal  oils^ — eucalyptus,  juniper-berry,  sage, 
etc. 

Turpentine  Oil. — Turpentine,  the  resinous  juice  exuding  from  various  Coniferte, 
consists  of  a  solution  of  resins  in  turpentine  oil  which  distils  with  steam,  while  the  resin 
(colophony)  remains  beliind.  Turpentine  oil  is  a  colorless  liquid,  boiling  at  158-160°, 
with  sj>.  jjr.  equalling  o.S5r>-o.87.  Its  peculiar  odor  is  due  to  the  aldehyde-like  oxidation 
products  (IJ.  29,  R.  871)  j)roduced  by  the  action  of  sunlight. 

It  is  almost  insoluble  in  water,  but  is  miscible  with  absolute  alcohol  and  ether.  It 
dissolves  sulphur,  phosphorus,  and  caoutchouc,  and  serves  for  the  preparation  of  vambhes 
and  oil-colors. 

The  turpentine  oils,  according  to  their  origin,  are  distinguished  by  different  rotatory 
power. 

When  turpentine  is  conducted  through  tubes  heated  to  redness,  isoprene  (p.  309), 
toluene,  m-xylenc,  naphthalene,  anthracene,  methyl  anthracene,  phenanthrene,  etc.,  are 
produced.  Heated  with  iodine,  turpentine  oil  yields  m-xylene,  little  p-xylene  and 
cymene,  pseudocumene,  mcsitylene,  durene,  and  polyterpenes. 

d- Pinene  is  obtained  by  the  fractional  distillation  of  American  oil  of  tuipentine,  and 
1 -Pinene  from  French  oil  of  turpentine.  They  are,  however,  not  chemically  pure.  If 
pinene  nitrosoclilorido,  easily  obtained  pure,  be  prepared  from  these  modifications,  and 
be  then  transposed  with  aniline,  chemically  pure  inactive  pinene  will  be  obtained.  Its 
properties  will  be  similar  to  those  above  imlicated. 

Pinene  contains  ove  double  linkage.  It  unites  with  2CI  or  2Br,  forming  compounds, 
'mhich  change  on  heating  to  p- cymene  and  halogen  hydrides. 
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The  dibr^mide  crystallizes  and  melts  at  170°.  Zinc-dust  converts  it  into  a  terpene, 
melting  at  65®,  and  isomeric  with  pinene  and  camphene ;  it  apparently  does  not  contain 
A  doable  linkage  (C.  1897,  i,  1055).  Pinene  can  be  changed  to  camphene  by  means  of 
coocentrated  sulphuric  acid,  or  through  its  haloid  acid  addition  products.  It  becomes 
dipeotene  when  heated  to  250-270°.  Moist  haloid  acids  convert  pinene  into  dipentene 
fUhydrohaloids  (p.  311).  Terpine  hydrate  b  probably  an  intermediate  product;  it  is 
fbnned  when  dilute  nitric  acid  or  sulphuric  acid  acts  upon  pinene. 

d-Pinene  Hydrochloride,  Artificial  Camphor ^  C,oH|^Cl,  melting  at  125*'  and  boil- 
ing at  308°,  is  formed  on  conducting  dry  hydrochloric  acid  gas  into  well -cooled  pinene. 
It  is  a  white  crystalline  mass,  with  an  odor  like  that  of  camphor.  The  hydrochloride 
from  d-pinene  is  optically  inactive,  while  the  1-pinene  hydrochloride  is  bcvo-rotatory 
fajo  =  — 30°.  Pinene  Hydrobromide  melts  at  40°  (A.  227,  282).  Camphene  results 
nom  the  splitting-off  of  hydrogen  chloride  or  bromide. 

Pinene  Nitrosochloride,  melting  at  103°,  is  obtained  by  means  of  nitrosyl  chloride, 
or  amyl  nitrite,  glacial  acetic  acid,  and  hydrochloric  acid.  Hydrogen  chloride  in  ether, 
when  allowed  to  stand  in  contact  with  it,  produces,  just  like  limonene  nitrosochloride 
(p.  311)9  hydrochlorcarvoxime  (B.  29,  12).  Pinene  Nitrosobromide  melts  at  92°. 
The  bases  readily  change  the  pinene  nitrosobromides  into  inactive  nitrolamines.  Sodium 
and  alcohol  reduce  pinene  nitrosochloride  to  Nitrosopinene,  C]oIIj4  :  N .  OH,  melting 
at  132®  ^B.  28,  646),  which  yields  pinylamine,  CjoHj^ .  NH„  by  the  action  of  zinc-dust 
and  acetic  acid. 

The  oxidation  products  of  pinene  have  been  studied  quite  thoroughly.  Turpentine  ex- 
posed to  the  air  absorbs  oxygen  g^radually,  with  the  production  of  ozone.  It  resinifies  at  the 
same  time  with  the  formation  of  formic  acid,  acetic  acid,  and  cymene  in  slight  amount. 
See  p.  325  for  the  production  of  pinol  hydrate  with  the  assistance  of  sunlight.  Energetic 
oxidants,  like  nitric  acid,  produce  terebic  acid  (p.  324),  p-toluic  acid,  terephthalic  acid, 
etc.      Ttrptnylic  acid  is  the  chief  product  when  the  chromic  acid  mixture  is  the  oxidant. 

When  pinene  is  carefully  oxidized  with  potassium  permanganate,  pinene  glycol  is  the 
immediate  result,  but  the  chief  product  resulting  therefrom  is  Pinonic  Acid,  CjoH,gO,, 
melting  at  104^  and  boiling  at  187°  (15  mm.).  It  is  a  ketone-carboxylic  acid.  Other 
products  are  pinoyl  formic  acid,  C,oH,^0^,  melting  at  79®,  a  ketonedicarboxylic  acid, 
and  nopic  acid,  C|oH,fO,,  melting  at  127^,  which  sulphuric  acid  converts  into  dihydro- 
cnminic  acid  ^B.  29,  1923). 

Pinonic  acid  is  readily  attacked.  Bromine  and  alkali,  or  dilute  nitric  acid,  oxidize  it 
to  the  very  stable  pinic  acid,  C^Hj^O^,  melting  at  102°.  The  latter  acid,  by  means  of 
the  a-brom-  and  a-oxypinic  acids,  and  oxidation  of  the  last,  give  rise  to  norpinic  acid, 
C|gH,|04,  melting  at  174^.  The  last  two  very  stable  acids  very  probably  contain  a  tetra- 
methylene  ring  corresponding  to  the  formulas  : 

COOH .  CH<^"^— >CHCH,CO,H       COOH  .  CH<^"^~>CHCOOH 
Plnic  Acid  Norpinic  Acid. 

Baeyer,  therefore,  concurring  with  Wagner,  assumes  that  in  pinonic  acid  and  pinene 
there  is  present  a  four-membered  ring — a  so-called /iV^^/it  ring  (B.  29,  2776)  : 

/CH. 
CHj.C^        ^CH, 

HC/^^'^CH      (^eep.321). 
^C^(CH,), 
Pinene. 

The  breaking-down  of  pinonic  acid  and  pinoyl  formic  acid  has  also  been  attained  in 
two  other  ways : 

(I)  Chromic  add  changes  pinonic  acid  to  ketoisocamphoric  acid,  CjoIIi^Oj,  which 
is  produced  by  the  oxidation  of  campholenic  acid  (p.  328).  Keto-isocamphoric  acid  can 
be  broken  down  into  isocamphoronic  acid,  C^H.^O,,  and  further  into  dimethyltricar- 
ballyUc  acid,  COOH .  C(CH,),CH(COOH)CH,COOH.  The  constitution  of  the  latter 
has  been  proved  by  the  decomposition  of  the  corresponding  oxy-acid  into  dimethyl  suc- 
cinic acid  and  oxalic  acid  when  it  is  fused  with  caustic  potash  (compare  oxycamphoronic 
<u:id,  p.  333)-    The  constitutional  formulas  of  ketoisocamphoric  acid,  isoc^xmyWc^v^c 
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acid,  and,  therefore,  that  of  pinonic  add,  are  at  preaent  siib|ects  of  coiHro»ct»j  (see  E 19, 

2779.  3027)- 

(2)  When  pinonic  acid  is  heated  with  adds  there  occurs  an  intermediate  hjdnlTtic 
decomposition,  followed  bj  a  rearrangement  into  Homotipenylic  Methyl  Ketone, 

,  (CIL),C .  CH  .  CH, .  C06  ^  ... 

[Afethoethylheptanmoiid€\,  1,,     ^„      r^    r^xs   •^  subatance  which  we  bsie 

Cil| .  CH  I  .  CO  .  Crlj 
already  learned  was  a  decomposition  prodact  of  terpinol  (p.  316).     Pinoyllarmic  add  is 

.,    ,  .      „  ,r       .    ^    -I  (CH,),6.CH.CH,.C0(!) 

Mmilarly  rearranged  to  Homoterpenojlfonnic  Add,  1  nru\M 

CHy  .CIi|  .CO.COOH. 
'riicse  rearrangement  products  upon  further  oxidation  yield  (B.  29,  2775) : 

,    ^  .^  (cn,),i.cn  .CHj.cxxi 

Homoterpenylic  Acid,  1         _ 

^  ^  CH,.CH,.COOH 

(CH,),(!:.CH  .CH,.co6 

Terebic  Acid,  CfHioO^,  melting  at  175°,  was  first  obtained  hj  ozidicing  torpeaiine 
oil  with  nitric  acid ;  it  is  also  produced  in  the  oxidation  of  teipenylic  acid  with  polts- 
siiim  permanganate  (H.  29, 933).  It  behaves  analogously  to  the  paraconic  acids.  ViImb 
heated  ii  loses  carbon  dioxide  and  becomes  fiyroffrebic  aeh/^  (CH,),C:  CHCH,CO0H, 
tojjether  with  isocaprolactone  and  teraconic  acid,  (CH,),C  :  C(C(K)II)CH,.COOH, 
from  which  it  can  l)e  re-formed  by  digestion  with  mineral  acids.  Bar^'ta-water  conrerts 
tt>re1>ic  acid  into  the  crystallizing  barium  salt  of  diaterebic  acid  or  oxyisopropyl -succinic 
a(  ill.     See  p.  319  for  the  formation  of  terebic  acid  from  caronic  acid. 

Terpenylic  Acid,  C^Hj^O^,  melts  at  90**  when  anhydrous.  It  is  obtained  by  oxid- 
i/ing  tiir])entine  oil  with  a  chromic  acid  mixture  and  homoter])enylic  acid  with  nitric 
a(i«l  (H.  29.  2789).  Ui)on  distillation  it  yields  Teracfylic  Acid,  (CH3),C:CH(CH,)- 
('Hj.OJOH.  Terj>enylic  acid,  by  reduction,  becomes  fi-isoprofylglMtaric  anJ  (set 
r».  29,  920,  2621).     See  p.  320  for  oxytfrpmylic  acid, 

Homoterpenylic  Acid.  C^sHjiO^,  melting  at  102®,  results  when  homoterpenylfomic 
arid  isoxidi/ed  with  nitric  acid  or  with  lead  oxide  (B.  29,  1916). 

The  oxidation  of  pinene  to  pinonic  acid  and  the  hydrolytic  rearrangement  of  the  Ut- 
ter to  homoterpenylic  methyl  ketone  is  certainly  to  be  regarded  as  the  reverse  of  thcproc- 
esses  which  take  place  in  the  hydrolytic  rearrangement  of  pinene  into  terpine  hydrate, 
terpineol  (p.  31^)),  and  the  oxidizing  decomposition  of  the  latter  into  homoterpenylic 
methyl  ketone  (alx)ve). 

Fenchene,  C,oII,^,  boiling  at  158-160®,  with  sp.  gr.  0.864^  nn  =  1.469,  is  optically 
inactive,  and  is  formed  on  digesting  fenchyl  alcohol  with  potassium  sulphate,  or  fenchyl 
chloride  with  aniline  (A.  284,  333).  Fenchene  can  take  up  two  bromine  atoms.  It  is 
only  attackecl  by  nitric  acid  when  heat  is  applied. 

Tetrahydrofenchene,  0,^11^,  boiling  at  160-165®,  with  sp.  gr.  0.7945  (22®),  od  = 
'•4370,  is  fmxluced  when  fenchone  and  fenchyl  alcohol  are  heated  with  hydriodic  acid. 

Dihydrofencholene,  CgH,g— see  fencholcnic  acid,  p.  334. 

2.  Alcohols. — A.  Monacid  Alcohols :  Borneo  Camphor,  Bor- 
neol,  Camphol,  CoHnOH,  melting  at  203**  and  boiling  at  212**,  occurs 
in  three  modifications  in  nature.  d-Borneol  is  found  in  Dryobalanops 
camphora,  a  tree  growing  in  Borneo  and  Sumatra,  also  in  rosamary 
oil.  UBornro/ AJ\d  inactive  born  col  dixe  present  in  the  so-called  baldri- 
anic  camphor.  Many  wood-spines  contain  it  in  the  form  of  a  fatty  acid 
ester,  more  esi)ecially  the  acetic  ester. 
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Bomeol  is  very  similar  to  Japan  camphor,  but  has  an  odor  at  the  same 
time  resembling  that  of  pepper.  It  sublimes  very  readily,  d-  and  1-Bor- 
neol  are  formed  simultaneously  from  camphor  by  reduction  with  sodium 
and  alcohol  (A.  230,  225).  Nitric  acid  oxidizes  them  to  camphor. 
When  bomeol  is  heated  with  potassium  bisulphate  it  breaks  down  into 
water  and  camphene  (p.  321). 

The  methyl  ether  boils  at  194®  and  the  ethyl  ether  at  204°  (B.  24,  3713).  The  acetyl 
esUr  melts  at  29^.  It  consists  of  rhombic,  hemihedral  forms.  It  boils  at  98°  (10  mm. ), 
qo=  1.46635,  [ajD=  +  38°  20^- 

Bomyl  Chlonde  melts  at  148®.  It  results  on  treating  bomeol  with  PG^.  Cam- 
phene is  formed  when  it  splits  off  hydrochloric  acid. 

Isobomeol,  C|o^it^^»  melting  at  212®,  is  even  more  volatile  than  bomeol.  It  b 
produced  when  its  acetate  is  saponified  with  alcoholic  potash. 

Its  acetate y  boiling  at  107^  (13  mm.),  results  upon  digesting  camphene  and  glacial 
mcetic  acid  with  concentrated  sulphuric  acid  at 50-60^  ^D.  R.  P.,  67255)  (13.  27,  R.  102). 

Camphol  Alcohol,  C|oH„OII,  boiling  at  203°,  is  produced  when  campholamine 
Hydrochloride  (p.  326)  b  acted  upon  with  silver  nitrite  fB.  27,  R.  126). 

Camphel  Alcohol,  C^Hi^OH,  melting  at  25°  and  boiling  at  179°,  results  from  the 
mteractioD  of  camphelamine  hydrochloride  (p.  326 )  and  silver  nitrite.  It  is  a  tertiary 
alcohol.     It  readily  decomposes  into  water  and  the  hydrocarbon,  C,II,f  (B.  27,  R.  126). 

Fenchyl  Alcohol,  C,jH|^  .OH,  melting  at  45®  and  boiling  at  201°,  with  sp.  gr.  0.933, 
is  produced  in  two  modifications  :  by  the  reduction  of  d-  and  1-fenchone  (p.  333).  It 
has  a  penetrating  and  very  disagreeable  odor.  d-Fenchyl  alcohol,  [a]o  =  +  10°  36^,  is 
obtained  from  1-fenchone,  and  1-fenchyl  alcohol,  [a]D  —  —  10°  35^,  from  d-fenchone  (A. 
384,  331).     See  al^o  tetrahydrofenchol. 

Fenchyl  Chloride,  C|oH|fG,  boiling  at  85°  (14  mm.),  is  produced  when  phosphorus 
pentachloride  acts  upon  fenchyl  alcohol.     See  fenchene. 

Isofencholen  Alcohol,  C,oH„OH,  boiling  at  218®,  with  sp.  gr.  0.927  (20°),  ud  = 
1.476,  is  produced  when  alcohol  and  sodium  act  upon  fencholcn  amide  (p.  333)  (A.  284, 
337).  It  is  readily  attacked  by  potassium  permanganate.  When  heated  with  dilute  sul- 
pbaric  acid  it  changes  to  Fenchenol,  C^Q^IjgO,  boiling  at  183^,  with  sp.  gr.  0.925  (20®), 
np  =  1. 46108.  This  compound,  with  the  exception  of  the  boiling  point,  can  not  be 
distinguished  from  cineol. 

B.  Polyacid  Alcohols  :  Camphene  Glycol,  CiqH, ,(011),,  melting  at  192®  and  ob- 
tained from  camphene  by  action  of  KMnO^  (B.  23,  231 1),  is  converted  by  IICI  into  an 
oxide  isomeric  with  camphor  (probably  camplienilan  aldehyde,  p.  322). 

Pinene  Glycol,  C,oH„(OH),,  boiling  at  145-147®  (14  mm.),  and  obtained  from 
pinene  with  KMnO^  by  the  addition  of  hydroxyl  groups  to  the  unsaturated  union,  is  con- 
verted by  hydrochloric  acid  into  pinol  (B.  27,  2270). 

Pinol  Hydrate,  Sobrerol^  C,oH,g(C)H)j,  is  known  in  three  modifications.  d-Pinol 
Hydrate,  mehing  at  150®,  [a]D=  +  150®,  and  l-Pinol  Hydrate,  melting  at  150®, 
ra]o  =  —  150®,  are  produced  when  dextro-  and  Ixvo-  turpentine  oil  are  oxidized  in 
tbe  air  on  exposure  to  sunlight,  [d  -|-  1]- Pinol  hydrate  results  on  treating  pinol  with 
hydrobromic  acid  and  alkali,  as  well  as  upon  mixing  equimolecular  quantities  of  d-  and 
1-pinol  hydrates.  Pinol  hydrate  is  an  unsaturated  compound.  Bromine  converts  it  into 
a  dibromide^  melting  at  131®.  Potassium  permanganate  changes  it  to  a  tetra-acid 
alcohol,  Sobreritrite,  C,oH,f(OH)4,  melting  at  I56<>  (B.  29,  1195,  I^*  5^7)* 

Pinol,  [d  -\-  l]-Sobrerone,  C,qHijO,  boiling  at  183°,  with  sp.  gr.  0.953  (20°),  nD  = 
1.46949,  is  optically  inactive.  It  is  formed  when  the  three  pinol  hydrates  are  treated 
with  dHtite  sulphuric  acid,  and  from  the  dibromide  of  terpineol  (p.  316)  by  the  splitting- 
off  of  sHBr.  It  is  as  indifferent  as  cineol  (p.  315)  toward  hydroxylamine,  phenylhydra- 
sine,  and  acid  chlorides.  This,  as  well  as  its  formation  from  terpineol  dibromide,  is 
represented  in  the  following  formula : 

I o 

Terpineol  Dibromide  ?\uo\. 
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Pinol  hydrate  is  m  hydrate  GoneipODding  to  this  oxide,  an  ozytetpineol,  MA  R- 
sults  from  pinene  by  the  rupture  of  the  picean  ring  (p.  323^. 

Pinol  Dibromide,  C,oll,gHr,0,  melting  at  94*^  and  boiling  at  143^  (11  mm.),bcQa- 
▼erted  by  sodium  or  alcx>holic  potash  into  pinol.  Formic  acid  rednces  it  to  cymene 
(A.  a68,  225).  Pinol  nitroaochloride,  C^^llyO .  NOQ,  melting  at  103^  fomis  nitnl- 
amines  with  bases.  Pinol  Glycol,  C|oH,^0(OH)„  melting  at  125^,  is  obtained  km 
pinol  dibromide  with  silver  oxide  or  lead  hydroxide,  or  from  its  diaceiatef  melting  at  97* 
( A .  268,  223).  An  apparently  isomeric  glycol  is  produced  in  the  oxidation  of  pinol  wilh 
KMnO^  (B.  28,  2710). 

Camphor  Pinacone,  C^U^O^,  melting  at  176^,  is  formed,  along  with  boned,  in  (he 
reduction  of  cam])hor  (H.  27,  2348 ;  see  also  B.  ag,  R.  675). 

3.  Amines  have  been  oUained  by  the  reduction  oif  nitiosopinenes,  oximes,  and 
nitriles,  as  well  as  ketones  with  ammonium  formate. 

Bomylamine,  C|olI„ .  NH,,  melts  at  159^  and  boils  at  199^.  The  ibnnyl  con- 
imuiul  is  prtnluced  when  camphor  is  heated  with  ammonium  formate,  and  the  btse 
itself  by  the  reiluction  of  camphoroxime  with  alcohol  and  sodium.  Bomylamine possesses 
an  oilor  like  that  of  camphor  and  piperidine.  Formyl-  and  Acetyl-boniylainioe 
melt  at  61^  and  14 1®.  When  heated  to  200-210^  with  acetic  anhydride  they  bretk 
down,  with  the  production  of  camphene  (A.  269, 347).  Camphylamine,  C^Hu .  CH|.  • 
Nil,,  boiling  at  194-196^,  is  firoduced  when  the  nitrile  of  campholenic  acid  b  rednced. 
The  bfnzoyl  cotftponnJ  m^\\s  at  77*'  (B.  ao,  485;  21,  1128). 

Campholamine,  CioHi^.NH,,  and  Camphelamine,  C^H„NH„ — see  campbolic 
acid  (p.  328). 

Fenchylamine  and  fencholenamine  sustain  the  same  relation  to  each  other  thit  «e 
observed  in  bomylamine  and  camphylamine. 

Fenchylamine,  C,olI„NlI„  l)oiling  at  195°,  with  sp.  gr.  0.9095  (22**J,  is  knowoin 
tlirce  nioditicaiioiis,  i)roduced  from  the  corresponding  fenchones  on  heating  them  with 
ammonium  carlK)natc,  or  by  reducing  the  fenchone  oximes.  d- Fenchylamine, 
[m]i>  -.--.  —  24.89°,  is  obtained  from  d-fenchone.  The  optical  rotatory  power  of  a  series 
of  derivatives  has  been  studied  : 

Formyl-,  Acetyl-,  Propionyl-,  Butyryl  Fenchylamines,  [«]d=  —  S^-S^", 
—  46.62°,  — 53.16°,  53,11°  (A.  276,  317). 

Fencholenamine,  C,!!,}.  CII, .  Nil,,  boiling  at  110-115°  (21-24  mm.),  results 
from  the  reiluctiun  of  the  nitrile  of  fencholenic  acid  (A.  263,  138). 

Pinylamine,  Cu,Hi5 .  N  Hj.  boiling  at  207°  (760  mm.),  98°  (20  mm.),  with  0.943,  is 
pro<luced  in  tlie  reduction  of  nitrosopinene  (p.  323)  (.\.  268,  197).  Nitrous  add  coo- 
verts  i)inylamine  into  isocarveol  (p.  317),  a  secondary  alcohol. 

Amidoterebenthene,  C,yII,5 .  NH,.  boiling  at  197-200°  (760  mm.),  is  formed  inihe 
reduction  of  the  decomposable  nitroterebenthene,  the  product  obtained  when  nitrous 
acid  acts  u{>on  oil  of  turi>entine.  Its  hydrochloride ^  [ajo  ^=  —  48.5°,  is  kevo-rotatory, 
it  lieing  immaterial  whether  we  proceed  from  the  dextro-  or  loevo- rotatory  turpentine  oil 
(B.  22,  R.  108  ;  24,  R.  204). 

4.  Ketones.  —  Various  transformation  products  of  the  ketones, 
CioH,n(),  camphor  and  fenchone^  have  been  treated  in  the  preceding 
sections.  These  ketones  are  similar  in  their  chemical  behavior,  but  are 
apparently  clifTcrent  in  constitution.  By  reduction  they  yield  borneol^Xi^ 
fenchyl  alcohol^  from  which  they  are  conversely  again  obtained  by  oxi- 
dation. 

Phosphoric  anhydride  dehydrates  them,  and  thus  camphor  yields  p- 
cymene;  and  fenchone,  xa-cymene  : 

liorneol  -< ^ Camphor  ——*--—>  p.Cymene 

Fenchyl  Alcohol  < Fenchone ^ — ^  m-Cymene. 

Camphor  is  known  in  two  optically  active  and  one  optically  inactive 
modification,  while  fenchone  is  known  in  two  optically  active  forms. 
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d-Camphor,  Common  Camphor,  Japan  Camphor,  CwU^fi, 
melting  at  175®  and  boiling  at  204°,  with  [a]D=  +  44.22°  in  alcohol 
^A.  250,  352),  is  found  in  the  camphor  tree  (JLaurus  camphord).  It  is 
[>btained  by  distillation  with  steam  and  sublimation.  It  is  prepared  arti- 
ficially by  oxidizing  borneol  with  nitric  acid  and  camphene  with  chromic 
icid.  It  is  a  colorless,  transparent  mass,  crystallizes  from  alcohol,  and 
sublimes  in  shining  prisms  of  sp.  gr.  0.985.  It  is  very  volatile,  and  is 
applied  therapeutically.  Its  alcoholic  solution  is  dextro-rotatory.  Cam- 
phor yields  pure  cymene  (p.  56)  if  distilled  with  PjOj,  and  on  boiling 
with  iodine  forms  carvacrol,  C10H14O  (p.  145).  When  boiled  with  nitric 
acid  it  yields  different  acids,  chiefly  camphoric  and  camphoronic  acids. 
Upon  reduction  it  passes  into  borneol  (p.  324). 

l-Camphor,  Matricaria  Camphor,  is  contained  in  the  oil  of  Matricaria  Parthenium. 
It  resembles  d-camphor  even  to  the  rotatory  power  [ajo  =  — 44.22°.  It  yields  1-cam- 
phoric  acid  upon  oxidation. 

(d  -|-  l)-Camphor,  melting  at  178.6°,  is  produced  on  mixing  d-  and  1-camphors,  and 
by  the  oxidation  of  i-boroeol  and  i-camphene  with  chromic  acid  (B.  la,  1756). 

Constitution  of  Camphor. — The  camphor  formula  (i)  proposed  by  Kekul6  (1^73) 
tatisfactorily  accounted  for  the  change  of  camphor  into  p-cymene  and  carvacrol.  How- 
ever, the  ready  anhydride  formation  of  camphoric  acid,  which  had  led  to  a  seven-mem- 
bered  ring,  could  not  be  brought  by  it  into  accord  with  the  known  experiences  relating  to 
the  anhydride  formation  of  aliphatic  dicarboxylic  acids.  The  lack  of  additive  power  also 
remained  unexplained.  The  formulas  of  Kanonnikoff  and  Bredt  explained  these  relations 
iar  better.  In  them  the  p-carbon  atoms  of  the  hexagon  of  camphor  were  brought  in  direct 
onion.  The  anhydride  formation  of  camphoric  acid,  thus  made  parallel  with  ethylene 
ioccinic  acid,  could  be  understood  on  the  basis  of  this  formula.  Baeyer  (1893)  showed 
that  as  camphoric  anhydride  melted  higher  than  its  hydrate,  it  probably  contained  an 
n-glutaric  acid  anhydride  ring  (A.  276,  265). 

Camphoric  acid  is  not  the  only  oxidation  product  of  camphor,  for  when  it  is  further 
oxidized  camphanic  acid  and  camphoronic  acid  are  produced.  In  the  latter  acid  J.  Bredt 
recognized  a,/3-trimethyltricarballylic  acid,  inasmuch  as  it  decomposed,  upon  the  applica- 
tion of  heat,  into  trimethyl  succinic  anhydride,  isobutyric  acid,  carbonic  acid,  water  and 
carbon  ;  whereas  when  camphoronic  acid,  the  lactone  of  oxycamphoronic  acid,  obtained 
from  it,  is  fused  with  caustic  potash,  trimethyl  succinic  acid  and  oxalic  acid  are  produced 
Tery  readily.  Bredt  concludes  from  this  deportment  that  the  carbon  grouping  of  cam- 
phoronic acid,  as  well  as  that  of  trimethyl  succinic  acid,  must  be  present  in  camphanic  acid, 
camphoric  acid,  and  camphor.  The  formula  of  Bredt  (1893)  '"^X  1^^  imagined  (B.  26, 
3047)  to  have  been  evolved  from  that  of  Kekul6  by  rotating  the  isopropyl  group  about 
iSo®,  nntil  it  lies  within  the  hexagon,  and  then  its  middle  carbon  atom  is  allowed  to  unite 
the  two  p-carbon  atoms  of  the  hexagon  by  the  migration  of  an  H  atom  and  the  dissolu- 
tion of  the  doable  union  : 


CHj.CH.CH, 

/^"\ 

CH,        CH, 
CH         CO 
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(Bredt.  1884) 


The  position  of  the  CO-group  is  proved  by  the  conversion  of  camphor  into  carvacrol 
(above). 
The  oxidation  of  camphor  (i)  to  camphoric  acid  (2),  camphanic  acid  (s^^  and  cam^V^^ 
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ronic  acid  (4),  as  well  as  the  decompoaitioD  of  the  latter  into  trimethyl  m 
(5),  also  found  amoni;  the  ozidatioo  products  of  camphor  (B.  s6,  2337).  is  i 
in  the  following  diagram : 


CM, CU— CH, 

CH, C < 

(I)  CH, 


CH, CH— CO,H 


(CH, 


-CO 


.).c 


CH, C-Cp,H 

(CHJ,C    O   >► 

H, C-CO 

(3)  CH, 


CH, C CO,H 

(2)       in, 

CO,H     CO,H  CO,H 

(cn,)i  >-(CH,),i 

CH, C-CO,H  CH— CO,H 

(4)  CH,  (5)       CH, 

'Hic  partial  synthesis  of  camphor  by  the  distillation  of  calcium  homocamphonte  har- 
monizes with  this  conception  of  the  constitution  of  camphor  (Ch.  Z.,  1895,  ig,  I75$). 

New  formulas  for  bomeol,  cam])hene,  and  many  other  derivatives  cicsely  relaud  to 
cumplior,  can  be  deduced  from  the  camphor  formula. 

Transposition  Products  of  Camphor. — Chlorine  and  bromine  convert  camphor 
into  mono-  and  disubstitution  products,  a-  and  0,d-CA/or-campAor  melt  at  92®  and  lOC/*- 
a-  and  A-Duhlor-iamphormt\i  at  93^  and  77^,  while  a- and  P-Brom-camphorw^i^ 
71  >o  and  61°.  Consult  C,  1897,  I,  601,  for  the  action  of  sodium  upon  brom-camphor: 
Dicamphor,  (<',o''ii^^)2»  <^^c. 

rcij  converts  camphor  into  Camphor-dichloride  (A.  19,  259),  melting  at  155°. 

Two  Chloniitrocamphors  (a  and  /?)  are  produced  when  chlorcamphor  is  digested 
with  nitric  acitl  ;  the  copper  and  zinc  couple  reduces  tliem  to  a-  and  ^'niiroiampk^fr 
(15.  22,  K.  266;  23,  R.  115  ;  29,  R.  270). 

Sec  \\.  28,  R.  643  ;  29,  R.  512,  for  the  camphor-sulphonic  acids  and  their  transforma- 
tion prinlucts. 

Camphoroxime,  CjoH,^:  NOH,  melts  at  118^  and  boils  at  249°  (A.  259,  331).  Its 
inlor  re«<embles  thai  of  camphor.  See  H.  29,  R.  1107,  for  its  preparation.  Uomylamine 
is»  formed  in  its  reduction  (p.  326).  Camphonewicarbawne^  C,qHu  :  N  .  NH  .  CO  .NH,, 
melts  at  237°  (B.  28,  2191). 

Camphorimine,  C,^!!,,:  Nn,--see  B.  29,  2807  ;  C,  1897,  I.  814. 

Campholic  Acid,  C^II,, .  CO,!!,  melting  at  95°,  is  formed  when  camphor  is  heated 
wiih  sodium  in  xylene  (IS.  28,  I\.  376),  or  from  sodium -camphor  at  288^.  Boiling 
nitric  acid  oxidizes  it  to  camphoric  and  camphoronic  acids  (15.  27,  R.  752).  'Wi^  amide 
melts  at  79°.  The  nitnle  melts  at  72®  and  boils  at  218®.  It  yields  campholamint, 
^  lo'^y^^II•2»  niellinR  at  210°,  u])on.  reduction.  Bromine  and  caustic  alkali  change  the 
amide  to  Canif^helylisocyanatgy  boiling  at  201®,  from  which  Camphclamine^  CjNj.NH,, 
melting  at  43°  and  boiling  at  175®,  is  obtained  (B.  26,  R.  21  ;  27,  R.  126).  Isocam- 
pholic  Acid,  15.  29,  R.  356.  The  camphor-ring  in  camphoroxime  can  be  very  easily 
ruptured  by  mineral  acids,  the  products  being  a-  and  /3-campholene  nitnle,  isoamioo- 
camphor,  and  dihydrocampholene  lactone. 

CH, CH CH, 

a-Campholenic  Acid,    |  >C(CH,),  I  ,  boils  at    256**.     Its  sp.  gr. 

CH  =r  C  —  CII,  COOH 
equals  0.992  (19°).  It  is  optically  active,  no  =  147125.  The  nitriU,  b.  p.  226°.  of 
this  acid  is  produced  with  water  exit  when  dilute  sulphuric  acid  acts  upon  camphoroxime. 
The  reduction  of  the  nitrile  produces  aCampkylamine^  Q^H^NH,,  lx)iling  at  ipf*. 
Alcoholic  potash  saponifies  it  to  a-camphoiamidt^  melting  at  1 30®,  and  finally  to  the  acid. 
The  latter  is  oxidized  by  potassium  permanganate  to : 

a-Dioxyhydrocampholenic  Acid,  C,H,5(OH),CO,H,  melting  at  144®,  and  a  ke- 
tonic  acid,  1-Pinonic  Acid,  which  affords  decomposition  products  similar  to  those  of 
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die  IDce-nmined  oxidatioii  product  of  pinene  (p.  324).  Giromic  acid  oxidizes  a-campho- 
len-  or  dihydrodioxycampholenic  acid  to  Isoketocamphoric  Acid,  C,oH,^05  =  CH,- 
CO .  C(CH,)lCH(CH,(XX)H),  (?),  and  eventually  to  Isocamphoronic  Acid,  CO,HC- 
(CH,),CH(CH,CX)OH),  (?),  m.  p.  i67<'.  Concentrated  sulphuric  acid,  when  wanned 
with  the  ktter  body,  sets  free  CO,,  and  terpenylic  acid  results  (B.  29,  3006). 

/3-Cainpholeiiic  Acid,  melting  at  52*'  and  boiling  at  245°,  is  optioUly  inactive.  Its 
mitrilt^  boiling  at  220-230°,  is  produced  in  the  action  of  stronger  acids  (concentrated 
HI)  upon  camphoroxime.  It  is  reduced  to  /3-cainphylainine,  melting  at  iQy**,  which 
may  be  saponified  to  an  amide ^  melting  at  86°.  Potassium  permanganate  oxidizes 
/9-campholenic  acid  to  a  dihydroxy-acid,  melting  at  146°,  and  with  it  an  oily  acid  which 
readily  changes  to  Uocampkorone^  C^IL^O,  boiling  at  217°.  Chromic  acid  oxidizes  the 
^-acid  to  y-acetylisocapronic  acid,  CH, .  CO .  C(CH,)-CH,CHjCOOH,  melting  at  48°. 
Further  oxidation  leads  to  a  decomposition  into  a-dimethylgfutaric  acid  and  a-dimethyl- 
succinic  acid.  The  same  decomposition  products  are  obtained  from  isocamphorone 
(B.  30,  242).  The  conversion  of  /3*campho1enic  acid,  when  heated  with  bromine,  into 
I  »3f4-xyl7l -acetic  acid  (B.  29,  R.  643)  is  peculiar. 

CII,— CH=r^ CH, 

Dihydrocampholene  Lactone,    I  ^C(CH.),  I     ,  melting  at  30°  and 

CH,— C(CH.)Z_0 CO 

boiling  at  256°,  appears  as  the  principal  or  the  by-product  in  the  decompositions  of 
camphoroxime  by  strong  acids,  and  may  be  obtained  by  acids  from  the  two  carapholenic 
acids,  as  well  as  from  isoaminocamphor.  Chromic  acid  oxidizes  it  to  oxydihydrocam- 
pholene  lactone,  melting  at  144°  (B.  30,  404). 

Isoamino-camphor,  C^qH^ON,  boiling  at  254°  (760  mm.),  152°  (65  ram.),  is 
formed  along  with  the  preceding  bodies  when  stronger  acids  act  upon  camphoroxime, 
campholenamides,  and  nitriles.  It  apparently  contains  a  primary  amine  group,  and  is 
very  similar  to  the  isomeric  amido-camphor  (p.  330).  It  changes  quite  readily  to  dihy- 
drocampholenolactone.     Compare  B.  30,  324,  for  its  constitution. 

CH  — CH(CH,)v  CH=C(CH.)    ^ 

^•"•'•^""'•(fH-CH(CH,)><^"'^'~iH.-CH(CH,)>™' (')••-"■ 
ing  at  134°,  is  produced  when  a-  or,  l)etter,  /3-campholenic  acid  has  been  heated.  Carbon 
dioxide  is  eliminated.  It  is,  further,  formed  when  P^Oj  acts  upon  the  chloride  of  cam- 
pholic  acid.  The  dibromide  melts  at  97°.  Campholene,  heated  with  Hl-acid  to  280°, 
becomes  hexahydropseudocumene,  just  as  )9-caraphoIenic  acid  changes  to  xylyl-acetic 
acid  (B.  30,  594),  and  camphoric  acid  to  tetrahydroisoxyleDe  (B.  26,  3053). 

An  apparently  isomeric  Campholene,  C^Hj^.  boiling  at  137°,  has  been  obtained 
together  with  carvacrol  from  chlor-camphor  by  the  action  of  zinc  chloride  (B.  26,  K. 

49^)- 

Nitrous  acid,  or  sodium  bisulphite  and  boiling  dilute  sulphuric  acid,  act  upon  isonitriso- 
camphor,  and  the  product  is  camphor-quinone^  which  is  also  formed  in  the  oxidation  of  cam- 

/CO 
phocarboxylic  acid  (B.  27, 1447).    Camphor-quinone,  CgHj^Q  1     ,  resembles  quinone 

and  the  a-diketones.  Its  odor  is  peculiarly  sweet.  It  volatilizes  with  aqueous  vapor 
and  sublimes  at  60°  in  golden  yellow  needles  that  melt  at  198^  (A.  274,  71). 

Zinc-dust  and  hydrochloric  acid   or  aluminium  amalgam  reduce  it  to  a-Oxycam- 
yCH . OH 
phor,  CgH,^  (^  I  ,  melting  at  203-205®,  which  may  be  reo;iidized  to  camphor- 

qainooe.  The  latter,  under  the  influence  of  various  reagents,  changes  to  derivatives  of 
camphoric  acid  (compare  B.  30,  657,  659). 

•CO 
laonttroio-camphor,  CjH,^^  1         ^w,  > "  obtained  by  the  action  of  amyl  nitrite  and 
NC :  N .  OH 

sodinm  ethylate  upon  camphor.  The  compound  melts  at  153®.  Concentrated  sulphuric 
add  converts  it  into  the  hnide  of  camphoric  acid  (B.  26,  241),  while  acetyl  chloride, 
PCL  or  soda  and  acetic  anhydride  change  it  to  the  mono-nitrile  of  camphoric  acid  ( B.  29, 
R.  651).    Zanc  and  dilute  acids  reduce  it  to  amido-camphor  (A.  274,  \\\. 

Campbor-diozime*— a-dioxime,  m.  p.  181®;  /9-dioxime,  m.  p.  220**— Ie»Avcs^^T•'«.v- 
u— -28 
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in{T  isonUroso-camphor  with  hydroxylamine  acetate.  y-Dioxime^  m.  p.  131^,  is  made 
l>y  treating  isonitroso-camphor  with  free  hydroxylamine  (B.  s6,  243).  An  isomeride  of 
the  camphor  dioxime  is — 

Pernitroso-camphor,  C,oH,f  N,0,,  melting  at  43®,  which  results  from  the  interactioo 
of  nitrous  acid  and  camphoroxime,  and  changes,  upon  treatment  with  concentrated  sul- 
phuric acid,  to  Isocamphor,  C^Hj^O  (B.  ag,  R.  1106). 

Amido-camphor,  Q^^/\  '  ' ,  boiling  at  244°,  is  produced  when  isonitroso- 
camphor  is  reduced.  It  is  a  poraflin-Iike  mass ;  it  has  a  fishy  odor.  Its  hydrochloride^ 
melting  at  224°,  acts  similarly  to,  although  not  so  powerfully  as,  curare.  Its  acetyl  dt- 
rivative  melts  at  108°  (A.  274,  91). 

Azocamphor,  Monoketazocamphor-quinone^  ^^^uC  I     ^t  md^  at  74^.     It  fonns 

yellow-colored  crystals.  It  is  produced  when  nitrous  acid  acts  upon  the  hydrochloride 
of  amido-camphor  (H.  26,  1718).  Potassium  sulphite  changes  it  to  a  hydrazine-sul- 
phonate,  which  concentrated  hydrochloric  acid  decomposes  into  hydrazine  and  camphor- 
quinone  (B.  29,  K.  1115). 

CH, C^ 

'        J  ^11 
Camphenone,      (CH,),^:      I      (?),  melting  at  168-170^,  is  formed,  together  with 

CII, C(CH,) 

azocamphenone,  when  azocamphor  is  heated.  It  has  an  odor  like  that  of  camphor.  Its 
oxime  melts  at  132°  (R.  27,  R.  590).  Consult  B.  29,  R.  II08,  for  the  action  of  bromine 
and  hydrogen  bromide. 

/CNN : Cv 
Azocamphenone,  Cgllj^^^  1       ^ir/^^^"*  ™*^^  **  *^^**  ^'  *^»  '^'  ^*)* 

yC  =  CH.OH 
Oxymethylene-camphor,  Q^m^^L.  »  melting  at  77°,  is  produced  when 

sodium  or  sodium  ethylate  and  formic  ester  act  upon  camphor  (A.  281,  306).  Hydroxyl- 
amine changes  oxymethylene  camphor  into  the  oxime  of  formylcaraphor  and  cyancamphor. 

/C  =  CHCl 

Chlormethylene-camphor,  Cgll,^^  1  ,  boiling  at  119®  (16  mm.),  is  pro- 

duced when  PCI3  acts  upon  oxymethylene-camphor. 

Oxymethylene-camphor  Anhydride,  [(C„Hi^CO)  =  CH],0,  melting  at  1 88®,  is 
obtained  from  the  sodium  salt  of  oxymethylene-camphor  and  chlormethylene-camphor. 

The  methyl  ether,  (C,oH,/J)  =  CIIOCH,,  melting  at  40®  and  boiling  at  262®,  is  ob- 
tained (i)  from  oxymethylene-camphor,  sodium  ethylate,  and  methyl  iodide,  (2)  from 
chlormethylene-camphor  and  sodium  methylatc,  and  (3)  from  oxymethylene-camphor, 
methyl  alcc^hol,  and  hydrochloric  acid.  The  acetate^  (^lo^uO)  =  CH  .  O  .  CO  .  CH,, 
melting  at  63°  and  boiling  at  290-293° ,  is  obtained  from  oxymethylene-camphor  and 
acetic  anhydride. 

^      ^       ^   .  .       ^  TT    /CH  .  CH(OH)CN 
Oxymethylene-camphor  Cyanhydnn,   CgH,^^  1  ,    meltmg    at 

122°,  is  formed  from  oxymethylene-camphor,  glacial  acetic  acid,  and  potassium  cyanide. 
When  boiled  with  acetic  anhydride  it  yields — 

/C  =  CII.CN 
Cyanmethylene-camphor,   Cglli^^  1  ,  melting  at  46**  and  boiling  at 

280° .  I  lydrochloric  acid  converts  it,  when  heated  to  1 20°  in  glacial  acetic  acid  solution,  into 

•  C  =  CH.CO,H 
Camphor-methylene  Carboxylic  Acid,  CgH,^^  1  ,  melting  at  loi**. 

/CH.  CO.H 
dCamphor-carboxylic  Acid,C^Uv<C  Arv  » melts,  with  carbon  dioxide  cto* 
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lotioo,  at  128**.  It  is  obtained  from  sodium  camphor  and  carbonic  acid  (B.  24,  3382). 
Its  esters  yield  sodium  compounds,  which,  heated  with  alkylogens,  produce  alkyUcampho- 
€mf^pxyU€  esters^  whose  acids,  when  heated,  evolve  carbon  dioxide  and  break  down  into 
mOkyi'Camphor, 

/CH  .  CN 
d-Cyan-camphor,  CgH,^^  1  ,  melting  at  127®,  is  produced  when  cyanogen 

ii  oondncted  into  sodium  camphor,  and  by  digesting  a  solution  of  sodium  oxymethylene- 
camphor  with  hydroxylamine  hydrochloride  (A.  281,  349).  Alkalies  and  alkylogens 
anvcrt  it  into  alkyi-cyan-camphor. 

Camphoric  Acid. — There  are  four  optically  active  and  two  inactive 
camphoric  acids. 

d'Camphoric  Acid,  ordinary  camphoric  acid  (Constitution,  p.  328), 
CiHM(CO,H)„  m.  p.  187°,  [a]D=  +  49-7°  in  alcohol,  is  obtained  by 
heating  d-camphor  or  campholic  acid  with  nitric  acid  (A.  163,  323), 
and  because  it  can  be  made  without  great  trouble,  has  been  exhaustively 
gtudied.  When  it  is  heated  above  the  melting  point,  or  when  treated 
with  acetyl  chloride  (A.  226,  i),  it  changes  to  its  anhydride,  melting 
at  221^  and  boiling  at  270^.     The  acid  is  dextro-rotatory. 

Bj  fusion  with  caustic  potash,  camphoric  acid  changes  to  isopropyl  succinic  acid  and  1-iso- 
ounphoric  acid ;  by  oxidation  with  nitric  acid,  camphoronic  acid  and  dinitrocapronic  acid, 
(CIL),C .  CO,H 
^  L     ^      ,  are  produced,  while  with  chromic  acid  the  products  are  camphoronic 

and  trimethyl  succinic  acids.    Water  and  bromine  change  it  to  caraphanic  acid  (6.  28, 

2151).     Compare    B.  30,  289,  for  the  oxidation  of  camphoric   acid   with    potassium 

pennanganate.      The  distillation  of  calcium  camphorate    yields   Camphorphorone, 

CH, — C  =  C(CHj),  «»..,., 

I ,  boUmg  at  195-200".     It  is  oxidized  by  potassium  permanganate 

CH,— cHrciyTr^o 

to  a-methylglutaric  acid  ^B.  26,  3053).  Tetrahydro-  and  hexahydroisoxylene  are  pro- 
duced when  camphoric  acid  is  heated  with  hydnodic  acid. 

The  d-camphoric  acid  forms  two  series  of  acid  esters :  the  alhesUrs^  produced  by  the 
partial  saponification  of  the  neutral  esters,  and  the  ortho-esters ^  resulting  from  the  partial 
esterification  of  the  acids  (B.  26,  289). 

See  B.  26,  600,  R.  87,  614, 688,  for  the  electrolysis  of  the  ester  acids. 

The  dichhride,  C8H,4<^^>0,  boils  at  1400  (15  mm.)  (B.  23,  R.  229). 

Th«  diamide,  C8H,.C,0,(NH,),,  melting  at  197°,  is  converted  by  potassium  hypo- 
broroite  into  C,oH,fN,0|,  melting  at  235°.  This  is  probably  the  ureTde  of  an  oxyacid 
(B.  27,  R.  894)  corresponding  to  campholactone.  Two  isomeric  Camphor-amino- 
acids,  melting  at  177^  and  180^,  have  been  obtained  from  the  anhydride  with  ammonia, 
•nd  lit>m  the  imide  with  sodium  hydroxide  (B.  29,  R.  96). 

The  imiJe^  C,H,.C,0,NH,  melting  at  248°  and  boiling  at  300*^,  is  also  formed  from 

BOfiitrosocamphor  (B.  26,  58,  242 ;  A.  257,  308). 

CO 
The  methyl  imide,  C,H,4<^q>NCH,,  melting  at  40-42®,  is  obtained  from  silver 

camphoronimide  and  methyl  iodide,  as  well  as  by  heating  methyl  isoimide  above  its  melt- 
ing point  (B.  29,  R.  96). 

Methyl  Isoimide,  CJA^^<^^Q^'        •,  melting  at    134°,  results  when  camphor- 

methyl-amino-acid  b  treated  with  acetyl  chloride  or  PG,  (B.  26,  R.  688). 

Ca$mpkaryl  Hydroxylamine,  C,H,4<^q>N  .  OH,  melts  at  225<>  (B.  27,  R.  893). 

Campkor'niirih-acid,  cyanlauronic  acid,  C8H,4(CN)CC)OH,  melting  at  i^z^^vsfercaRA 
when  camphor-amino-acid  is  treated  with  acetyl  chloride  and  suY»ec^uei\V\^  N«\\>^«iiiTn!QtTi\V 
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or  hy  the  inteitcdoa  of  icetyl  ddoridc  md  iionitiwucamplwr  (p,  jigmd  B,  ag,  R.  fiS'* 

779)- 

l-Camphoric  Acid  results  from  the  ozidatioo  of  matricvia  cnqiliar.  A  leNHbki 
the  d-variety  in  erery  puticohur,  eren  to  the  roCatoiy  power. 

[d  +  1]  Camphoric  Acid,  Paracampk&nc  Aeid^  mdtiiig  at  304^,  is  fciiied  qw 
miiing  alcoholic  solntioDS  of  equimolecmar  quantitiea  of  d-  and  1-camphoric  addi  (& 
23, 1^  229). 

d-Iaocamphoric  Acid,  ^'^iUrrnm-tampkorie  miid^  melting  at  171^9  vilh  [ajo  = 
-f  48^,  may  be  prepared  by  heating  l-camplM>ric  acid  with  water,  or,  better,  with  a  nailBe 
of  glacial  acetic  acid  and  hydrodiloric  add.  It  does  not  form  a  real  anhydride,  beace 
can  be  easily  separated  by  means  of  acetyl  chloride  finom  the  1-campboiic  add. 

Maocamphoric  Acid,  [ajo  = — 4^^!  is  obtained  from  both  d-camphoric  add  aid 
its  chloride. 

[d  f  l]-l80€amphoric  Acid,  melting  at  191^,  resolts  from  the  anion  of  d-  tad  Vvo- 
camphoric  acids.  When  they  are  heated  the  corresponding  camphoric  anhydrides  iie 
produced  (B.  ay,  2001).  Compare  B.  ag,  xyoo,  for  the  crystal  forms  of  the  csBpiioric 
acids. 

Brom-camphoric  Anhydride  (Constitution ;  see  camphanic  acid),  CjaHuBiO^  ndts 
at  2i5<». 

CH, C CO,H 

Camphanic  Acid,    (CIi,),C  O       ,  melting  at  aox*',  b  obtained  on  bdUsg 

CH,-— C(CH,),CO 
l)rom -camphoric  anhydride  with  water.     Nitric  add  oxidixes  it  to  camphoraaic  acid. 
By  distillation  camphanic  acid  loses  carbon  dioxide,  and  becomes  cam|:diolactone  ud 
lauronolic  acid  (A.  227,  i).    Compare  B.  29,  R.  772, 861, for  additional  brom-  aod  oiy- 
camphoric  acids. 

Lauronolic  Acid,  C^II,,  .  CO,H,  is  a  colorless  oil.  It  is  formed  when  soda  acts  00 
brom -cam plioric  anhydride.     Upon  standing,  or  by  boiling  in  hydrochloric  acid  solution, 

•CO 
it  rearranges  itself  to  Campholactone,  CgH,^^    1  ,  melting  at  50®  (A.  227,  5). 

Isolauronolic  Acid,  C^H,,  .CO,H,  melting  at  134®,  is  obtained  from  sulpbocam- 
phylic  acid  heated  to  200°,  as  well  as  by  the  action  of  Al^Cl^  upon  camphoric  anhydride 
(C.,1897,  1,763). 

Sulphocamphylic  Acid,  Sulphocamphoric  Acid^  C^H^SO^  -f-  2ll,0,  melting  at 
160-165°,  is  pro<liiced  in  the  action  of  sulphuric  acid  upon  camphoric  add.  Upon  heat- 
ing it  changes  to  isolauronolic  acid,  and  upon  oxidation  with  nitric  acid  yields  salphoiso- 
propyl  succinic  acid  and  dimethylmalonic  acid  (B.  26,  2044). 

Campholide,  Ct,H,^<(-Q  '>  O,  melting  at  211®,  is  formed  in  the  reduction  of  cam- 
phoric anhydride  with  alcohol  and  sodium  amalgam,  just  as  phthalide  is  obtained  from 
phthalic  anhydride  (B.  29,  R.  221,288).     The  lactam,  CgH,4<J:^«>NH,  melting  at 

229°.  being  analogous  to  the  phthalimidines,  may  be  designated  campholimidine.  It  results 
upon  heating  the  hydrochloride  of  the  corresponding  amido-acid,  produced  in  the  reduc- 
tion of  camphor-nitriio-acid  (B.  29,  98,  652). 

CH,— CHs-COOH 
I  ^CfCH  ^ 

Carboxyl-apocamphoric    Acid,  Campho-acid,  qh C~     COOH  *»   melting  at 

iooH 

196-200®,  is  produced  in  the  oxidation  of  camphene  with  dilute  nitric  acid.  It  forms  an 
anhydride  acid  when  it  is  heated.  This  melts  at  205®.  It  subsequently  ^lits  off  CO, 
and  passes  into  the  anhydride  of—- 

CH,  — CH  — COOH 
Apocamphoric  Acid,   Camphopyro-aeid,  I  >  C(CH,),,  melting  at  204°- 

CIL  — CH  — COOH 
It  behaves  analogously  to  camphoric  acid  (B.  29,  R.  175,  773  ;  Ch.  Zt.,  1896,  p.  S^o). 
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d-Homocamphoric   Acid,   HydroxycamphocarboxylU  Acid,CJA^^<^^^^^^^ 


[ting  It  234°,  is  pfx>duced  when  cyan-camphor  is  boiled  with  aqueous  caustic  potash. 
Its  manoniirile  is  fonned  on  heating  campholide  (see  this)  with  potassium  cyanide  (B.  29, 
R.  288).  d-Camphor  is  obtained  on  heating  calcium  homocamphorate  in  a  current  of 
cmrbon  dioxide. 

d-Hydro-camphorylacetic  Acid,  C,Hi4<^q«jJ  ^">  •  ^^«",  melting  at  142°,  is 

pff«Mliiced  when  hydrocamphorylmalonic  acid  is  heated  (A.  257,  303). 

d-Hydrocamphorylmmlonic  Acid,C,Hi^<^"«j^^"(^^»^\  melting  at  178^,  is 

<ibCftiiied  by  the  reduction  of  camphorylmalonic  ester  (A.  257,  301). 

C=C(CO,C,H,), 
d-Camphorylmalonic  Ester,  CgH,^^^     >0  ,  melting  at  82®  and  boiling  at 

x:o 

974^  (40  mm.),  results  from  the  action  of  sodium  malonic  ester  upon  the  chloride  of  cam- 
phoric acid. 

Camphoronic  Acid,  a.^'Trimeihyliricarballylic  Acid, 

(CH,),C C(CH,)— CH,  J       J   .       ,.         .^     .         ..  t^     . 

(ioOH  ioOH       c!oOH'  *^  P"*^^^^^  >"  ^^^  oxidation  of  camphoric 
acid,  camphanic  acid,  and  campholic  acid  with  nitric  acid. 

It  has  been  synthesized  in  the  following  manner :  acetoacetic  ester  and  a-bromiso- 
botyric  ester  are  condensed  by  zinc  to  j9-oxy-a,^-trimethyIg1utaric  ester,  COOR  .  CII,- 
C(OH)(CH,)C.rCH,),COOR,  which  PCI4  converts  into  the  ester  of  the  /?-chlor-acid, 
mnd  the  latter  is  then  changed  by  potassium  cyanide  to  the  ester  of  )9-cyan-a,/?-trimethy1- 
glutaric  acid,  the  mononitrile  of  camphoronic  acid,  which  is  then  saponified  to  camphor- 
onic acid  (C,  1897,  1,  813). 

The  importance  of  camphoronic  acid  in  the  determination  of  the  constitution  of  cam- 
phor has  been  explained  (p.  328).  Camphoronic  acid  melts  at  135®,  changing  at  the  same 
lime  into  camphoroanhydridic  acidy  melting  at  135°  and  boiling  at  205°  (12  mm.).  The 
chloride  of  the  latter  acid  is  converted  by  bromine  into  two  isomeric  bromcamphoroanhy- 
dridic  acid  chlorides  ;  one  of  these,  when  boiled  with  water,  forms  the  lactone  of  unstab'e 
oxycamphoronic  acid,  camphoranic  acid^  while  the  other,  under  similar  treatment,  yields  a 
stable  oxycamphoronic  acidy  melting  at  248^.  Camphoronic  acid,  upon  distillation,  breaks 
down  into  trimethyl  succinic  anhydride,  iso  utyric  acid,  CO,,  HjO,  and  carbon. 

Camphoranic  Acid,  C^H^O^  4-  H,0,  melting  at  209°,  is  a  lactonic  acid  which  resists 
decomposition  by  alkalies  very  strongly.  When  fused  with  caustic  potash  it  is  readily 
split  into  trimethyl  succinic  acid  and  oxalic  acid  (privately  communicated  by  J.  Bredt) : 


CO- 


O 


(CH,),c— c(cn,)(C(X)H)CH .  cooh" 

Camphoranic  Acid 


COOH  OH 

1[CH,),C— CH(CH,)COOH^  CO.  COOH 


Trimethyl  Succinic  Acid 


Oxalic  Acid. 


CH, CH— CHCHj 


Penchone, 


(CH 


,),C 


(?),  melting   at  -|-  5°  and    boiling  at    192-194^, 


CH, CH— Co 

with  sp.  gr.  0.9465  (19°),  no  =  1. 46306,  is  known  in  two  isomeric  modifications.  It  is 
the  ketone  of  all  known  ketone  derivatives  of  the  terpenes  which  is  most  like  camphor 
in  its  beharior. 

d-Penchone,  [ajo  =  -j-  71.70°,  was  discovered  in  1890  by  Wallach  and  Hartmann, 
while  1-Pencbone,  [a]D= — 66.94®,  was  found  in  1892  by  Wallach,  together  wifti 
pinene  and  thajone  or  tanacetooe,  in  the  oil  of  thuja.     It  is  very  slab\e  lo'ww^  cocvcko.- 
tnued  nitric  add.     Potassium  permanganate  oxidizes  it  to  d\melb^\m«\wQat  %»^  omAc 
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acid,  and  oxalic  acid.  When  redaced  it  passes  intod-  and  l-fenchyl  alcohol  (p.  325] 
and  tctrahydrofenchene  (p.  324).  With  conditions  analogous  to  those  under  which  caio- 
phur  yields  p-cymene,  fenchene  will  yield  m-cymene — t.  ^.,  upon  heating  with  P|0|. 
Fenchone  does  not  form  an  oxymethylene  deriYative. 

Fenchonoxime,  Ci^Hj^ :  NOli,  melts  at  161^  and  boils  at  240*^ ;  [ajo  =  +  65.94** 
(see  H.  29.  2K18). 

Pencholenic  Acid,  C,II,j.  CO,H,  boiling  at  260®,  withsp.  gr.  1.0045,  Ti^  —  iM^% 
is  obtained  from  its  amide  [aisofenchonoxime)  and  its  nitrile  (fenchonoxime  anfa)-dnde} 
by  sa|xinit'ication  with  alcoholic  ]>otash.  Hydriodic  acid  reduces  it  to  liiMydrvftmMeme, 
Cyll,^,  lioiling  at  140°,  with  sp,  gr.  0.79^20°),  np  =  I.43146.  The  amide  [a-isofen- 
vhoMoxime)^  melting  at  II3®,  results  when  the  nitrile  is  acted  upon  with  alcoholic  pottsh. 
The  nitrile  {/imhonoxime  anhydride),  boiling  at  2 1 7®,  with  sp.  gr.  0.898  (2©**),  no- 
1.4610S,  [a]u  --  -f-  43.31°,  is  produced  on  gently  heating  fenchonoxime  with  dilute  sdI- 
phuric  acid. 

/Msofenchonoxime,  CjoH^NO,  melting  at  137®,  is  formed  when  a-isofenchenoximt 
is  l>(>iled  with  dilute  sulphuric  acid.  It  is  a  monobasic  body,  probably  a  lactam  (B.  28, 
K.  456). 

RESINS. 

The  resins  are  closely  related  to  the  terpenes,  and  occur  with  them  in 
l)laiits,  and  are  also  produced  by  their  oxidation  in  the  air.  Their 
natural,  thick  solutions  in  the  essential  oils  and  turpentines  are  called 
balsa?ns ;  whereas  the  true  gum  resins  are  amorphous,  mostly  vitreous 
bodies.  Their  solutions  in  alcohol,  ether,  or  turpentine  oils  constitute 
the  commercial  varnishes. 

Most  natural  resins  apj^car  to  consist  of  a  mixture  of  different,  peculiar 
acids,  the  resin  acids.  The  alkalies  dissolve  them,  forming  resin  soaps, 
from  which  acids  again  precipitate  the  resin  acids.  By  their  fusion  with 
alkalies  wc  obtain  different  benzene  derivatives  (resorcinol,  phloroglucin, 
protocatcchuic  acid)  ;  and  when  they  are  distilled  with  zinc-dust  they 
yield  benzenes,  nai)hthalenes,  etc. 

Colophony  is  found  in  turpentine  (p.  322)  and,  in  the  distillation  of  the  latter,  remains 
as  a  fused  mass.  It  consists  principally  of  Abietic  Acid,  Ci,H^O,  (Sylvic  acid), 
which  can  Ixi  extracted  by  hot  alcohol,  crystallizes  in  leaflets,  and  melts  at  139®  (l47°)- 
When  oxidized  it  yields  trimellitic,  isophthalic,  and  terebic  acids. 

Gallipot  Kesin^  from  Pinus  maritima,  contains  pimaric  acid,  C^Hj^Oj,  \rhich  is 
very  similar  to  sylvic  acid  and  passes  into  the  latter  when  distilleil  in  vacuo.  It  melts  at 
210°.  The  latest  investigations  show  that  pimaric  acid  consists  of  three  isomerides 
(U.  19,  2167). 

Gum  lac^  obtained  from  East  India  fig  trees,  constitutes  what  is  known  as  shellac 
when  fused.     This  is  emj^loyed  in  the  preparation  of  sealing-wax  and  varnishes. 

Atnher  is  a  fossil  resin,  found  in  i.>eat-bogs.  It  consists  of  succinic  acid,  two  resin 
acids,  and  n  volatile  oil.  After  fusion  it  dissolves  easily  in  alcohol  and  turpentine  oil,  and 
serves  for  the  preparation  of  varnishes. 

To  the  ^um  resins,  occurring  mixed  with  vegetable  gums,  and  gum  in  the  juice  of 
plants,  belong  gamboge,  cuphorbium,  asafcvtida,  caoutchouc,  and  gutta  percha. 

Caoutchouc,  because  of  its  wide  applicability,  is  especially  important.  It  has  been 
obtained  from  tropical  Euphorbiaceie,  Apocinacere,  etc.  In  Brazil  it  is  made  froni 
Siphonia  elastica,  in  India  from  Ficus  elastica,  as  well  as  other  varieties  of  Ficus.  Pun- 
fied  caoutchouc  has  the  formula  (Cglljx.  When  distilled  it  yields  isoprene,  (^H* 
(see  this),  which  polymerizes  s]X)ntaneously  to  caoutchouc  and  also  to  dipentene.  Caout- 
chouc takes  up  sulphur  when  it  is  thoroughly  kneaded  with  it,  or  when  it  is  treated  with 
a  mixture  of  S^Cl,  and  CS,  (R.  27,  R.  204,  521,  601,  609,  701,  816;  ag,  R.  136). 

The  product  is  a  vulcanized  caoutchouc,  which  continues  elastic  within  a  considerable 
range  of  temperature. 
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AROMATIC  HYDROCARBONS  CONTAINING  SEVERAL 

NUCLEI. 

A.    PHBNYLBBNZBNBS  AND   POLYPHBNYL-FATTY  HYDROCAR- 
BONS. 

Just  as  alkyl  groups  are  joined  to  one  another,  or  as  they  are  intro- 
duced into  benzene  and  its  homologiies,  so  the  benzene  hydrogen  atoms 
can  be  replaced  by  phenyl-,  tolyl-,  benzyl-,  and  other  hydrocarbon  resi- 
dues. The  products  are  :  (i)  The  phenylbenzenes,  in  which  the  benzene 
nuclei  are  in  immediate  union  : 

QH,. q,H,         QH.. QH  . CH,         CAi,{c,u,\         c;,H,rc.H,), 

Diphenyl  Phenyl  Tolyl  Diphenyl  Benzenes     Triphenyl  Benzenes. 

(2)  The  poly  phenyl  paraffins,  defines,  and  acetylenes,  in  which  the 
benzene  residues  are  held  together  by  fatty  hydrocarbons : 

C;Hs \  CJIj .  CH,  QH^ .  CH  CeH^ .  C 

/CH,  (QiH.),CH  I                           II                         III  etc. 

C,h/       •  ^^    »^»  QH..CH,  QH..CH  C.H,.(i 

Dipnenyl-  Triphenyl-  Dibenzyl                Stilbene               Tolan 


methane  methane 


folane. 


In  addition  to  these  groups  we  have :  B.  T/ie  aromatic  hydrocarbons 
with  condensed  nuclei. 

I.  PHBNVLBENZENE  GROUP. 

I  A.  Diphenyl  Group. — The  first  or  parent  hydrocarbon  of  this 
group  is  diphenyl  or  phenylbenzene. 

Diphenyl,  Phenylbenzene^  Biphenyl,  QHs.  QHs,  melting  at  71°  and 
boiling  at  254°,  is  present  in  slight  amount  in  coal  tar.  It  is  formed  (i) 
upon  conducting  benzene  vapors  through  tubes  heated  to  redness  (Ber- 
thelot,  Z.  f.  Ch.,  1866,  707;  B.  9,  547;  A.  230,  5);  (2)  in  the  action 
of  sodium  upon  the  solution  of  brombenzene  in  ether  or  benzene — higher, 
condensed  hydrocarbons  being  produced  at  the  same  time  (Fittig,  A.  121, 
363 ;  B.  29,  115)  ;  (3)  from  diazobenzene  chloride  (a)  by  action  of  ben- 
zene and  aluminium  chloride,  (b)  with  stannous  chloride,  (c)  when  alcohol 
and  Cu-powder  act  upon  diazobenzene  sulphate,  (d)  from  the  latter  salt 
and  warm  benzene  (B.  23,  1226;  26,  1997). 

If  dissolved  in  glacial  acetic  acid  and  oxidized  with  chromic  anhydride  it  jrields  ben- 
soic  acid.  Metallic  sodiam  reduces  diphenyl,  dissolved  in  amyl  alcohol,  to  tetra  hydro- 
diphenyl^  ^iHu*  boiling  at  245®.  The  latter  readily  forms  a  dibromide  which  alcoholic 
potash  converts  mto  dihydro-diphenyl^  ^sl^i2«  filing  at  248^  (B.  az,  846).  A  dihydro- 
dtpbeoyl  of  melting  point  66°  has  been  obtained  from  phenyldihydroresorcinol  (p.  297) 
by  coDverting  this  diketone  into  the  corresponding  dihydric  alcohol,  and  removing  two 
moleciiles  of  water  from  the  latter  by  means  of  phosphorus  pentoxide  (A.  289,  168). 
Flnofene  (B.  19,  R.  672)  is  formed  when  methylene  chloride  and  aluminium  chloride 
act  npoo  oiphenyl. 

Alkylic  Diphenyls  have  been  obtained  :  (i)  by  the  action  of  nitrous  acid  upon  the 
tloohoUc  solution  of  their  amido-compounds  (B.  17,  468;  21,  1096 ;  (2^  ftoTCiVVifc  «kS:>lvQrc!k 
of  sodium  upon  the  bromioated  alkylbenienes  (B.  4, 396)  ;  (3)  {toih  ^\p^\«tk^\^0c^oc-«2^c.^\^ 
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or  ethylene  and  aluminium  chloride  (B.  20,  R.  218);  (4)  from  aromatic  diazochlo 
containing  one  nucleus  (see  p.  106).  The  position  of  the  alkyl-groups  is  determine 
oxidation,  if  it  has  not  been  made  evident  by  the  components. 

m-Phenyltolyl,  m- Methyl Diphenyl^ boils  at  272-277®. 

p-Phenyltolyl  (B.  26, 1996)  (m.  p.  +3°),  ....         •«    263-267®. 

m-Ethyl  Oiphenyl, "     283®. 

ni,-Ditolyl,  m,m- Dimethyl  Diphenyl(B.  25, 1032),  «    286®. 

o,mOitolyl, «*     286®. 

p,-Ditolyl  (B.  29,  114),  m.  p.  121®,  is  volatile  without  decomposition. 

Diphenyl  Substitution  Products. — Each  monosubstitution  product  of  diphenyl 
exist  theoretically  in  three  isomeric  forms.  Chlorine,  bromine,  the  NO,-group,  an 
sulpho-group  prefer  the  p-position  with  reference  to  the  point  of  union  of  the 
benzene  residues,  o-  and  o,p- Derivatives  are  formed  together  with  the  p-  and  p 
rivatives.  The  p,-derivatives,  having  two  different  substituents, — e.  g.^  p-brom-p-i 
diphenyl,^  yield  both  p-brom-  and  p-nitrobenzoic  acids  when  they  are  oxidized 
Iwnzidine).  The  amidodiphenylenes,  particularly  benzidine,  or  p,-diamidodiphenyl 
the  diphenyl  sulphonic  acids,  afford,  as  in  the  case  of  the  conesponding  benzene  dc 
tives,  numerous  derivatives  of  diphenyl. 

It  is  interesting  to  note  that  o^-disubstitution  products  are  known  in  which  a  biv 
atom,  O  and  S,  or  a  bivalent  group,  NH,  (CH,,  CO),  replaces  two  hydrogen  atoi 
the  ortho-position  with  reference  to  the  point  of  union  of  the  two  benzene  nuclei. 

The  principal  representatives  of  such  diphenylene  compounds  are : 

Diphenylene       Dmhenylene  Carbazole  Vluorene  Fluorenone. 

Oxide  Sulphide 

The  first  three  will  l^e  treated  in  connection  with  the  heterocyclic  derivatives 
furfurane,  thiophene,  and  pyrrol,  from  which  they  can  also  be  derived.     They  are  foi 
l»y  pyro- reactions  from  phenyl  ether,  phenyl  sulphide,  and  diphenylamine. 

Halogen  Diphntyls.—  a-  and  p-Chlordiphenyl  melt  at  34°  and  boil  at  267°,  an 
75°  and  at  282°.  o-  and  p-Bromdiphenyls,  liquid,  l)oil  at  297°  and  melts  at  89°, 
boils  at  310°.  p,  Dichlor-,  p,-Dibrom-,  and  p,-Di-ioddiphenyls  melt  at  148° 
lx)il  at  315°,  at  i()4°  and  357°,  and  melt  at  202®  (A.  207,  333). 

Perchlordiphenyl,  C,jC1,q,  does  not  melt  at  270®.  It  is  often  produced  in  exh 
ive  chlorinations  (B.  16,  2881). 

Nitro-di phenyls. — The  nitration  of  diphenyl  gives  rise  to  o-  and  p-nitro-,  as  well 
P--  and  o,p-dinitrodiphenyls.     o,-  and  m,-Dinitro-diphenylsare  obtained  from  benzi 
(B.  20,  1028).     o-  and  p-Nitro-diphenyls  melt  at  37°  and  boil  at  320® ;  at  113° 
at  340°. 

Oj-,  m^-,  P2-,  and  o,p  Dinitro-diphenyls  melt  at  124®,  197®,  233°,  and  93°.  p,- 
o,p-Dinitro-(liphenyl  have  also  l>een  obtained  from  sodium  isodiazonitrobenzene  and  n 
benzene  (B.  29,  165).     p  Brom-p  nitro-diphenyl  melts  at  173®  (A.  174,  218). 

Amido-diphenyls  and  Amido-ditolyls  can  be  prepared  by 
reduction  of  the  corresponding  nitro-compounds.  The  formation 
ivdiamido-diphenyl  by  the  rearrangement  of  its  isomeride  hydrazol 
zene  (p.  117)  is  of  great  technical  importance,  because  p,-diami 
diphenyl  or  benzidine  is  a  starting-out  substance  for  the  preparation 
substantive  cotton  dyes — dyes  which  unite  directly  with  the  cotton  fi 
without  the  aid  of  mordants. 

o-Amido-diphenyl,  melting  at  45^,  is  also  obtained  from  o-phenylbenzamidc 
means  of  bromine  and  caustic  so<la  (A.  279,  266;  B.  25,  1974).  A\T)en  condu 
over  heated  lime  it  forms  carbazole.     pAmido-diphenyl,  Xenylamine^  melts  at 
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aod  boils  at  322®  (A.  260,  233).     p,Nitroaniido-diphenyl,  from  p^-dinitro-diphenyl, 
melts  mt  198^. 

o,-Oianiido-diphenyl,  melling  at  81°,  and  Tn,-Diamido-diphenyl  have  been 
obtained  by  reducing  o,-  and  m,-dinitro-diphenyI.  When  0|-diamido-diphenyl  is 
heated  with  concentrated  sulphuric  acid  it  yields  carbazoie.  Its  tetrazochloride  is  changed 
by  potassium  sulphydrate  to  carbazoie^  and  when  its  aqueous  solution  is  heated  diphenyl- 
ene  oxide  is  produced  (B.  a6,  1703).     The  reduction  of  the  /r/r^s^^-corapound  of  o,-di- 

C.H,r2]NHNH, 
amidodiphenyl  gives  rise  to  Oiphenylene  o,dihydrazine,L       \\  ^  , melting  at 

110°  (B.  ag,  2270).     When  heated  with  hydrochloric  acid  at  150^  it  breaks  down  easily 
into  ammonium  chloride  and  an  o^-azodiphenyUney  so  called  phenaxone, 
N  =  N 

C^H^/ XC^H4,  which  can  also  be  directly  obtained  by  the  reduction  of  o,- 

dinitro-diphenyl  with  sodium  amalgam  and  methyl  alcohol. 

Phenazone  will  be  treated  at  the  conclusion  of  the  ortho-diazines  under  the  hetero- 
cyclic compounds. 

Benzidine,  ^-Diamido-diphenyl,  m^\\\iig  at  122°  (Zinin,  1845),  is 
obtained  by  the  reduction  of  p,-dinitro-diphenyl  and  ivnitroamido- 
diphenyl.  It  is  technically  prepared  by  the  reduction  of  azobenzene  in 
acid  solution ;  the  hydrazobenzene,  formed  at  first,  rearranges  itself  to 
benzidine  and  diphenyl,  or  o,p-diamido-diphenyl.  This  is  a  remarkable 
reaction,  to  which  attention  has  already  been  called  in  connection  with 
hydrazol>enzene  (p.  117)  (A.  207,  330). 

The  great  insolubility  of  the  sulphate  in  water  aflfords  a  means  of  separating  benzidine 
from  diphenyline.  When  treated  with  concentrated  sulphuric  acid  and  nitric  acid,  one 
or  two  NO^-groups  enter  in  the  m-position  with  reference  to  the  amido-groups  of  benzi- 
dine. The  products  are  o-nitro-p,-diamido-diphenyl  and  o,-dinitro-p,-diamidodipheny1 
(R.  a3,  794).  m^-Dinitro-p^-diacetamido-diphenyl  results  on  nitrating  diacetbenzidine. 
The  two  nitro-compounds  by  removal  of  the  amido-groups  yield  o,-  and  m^-dinitro- 
diphenyls  (see  these). 

Constitution. — The  p-position  of  the  two  amido-groups  of  l^enzidine  (i)  is  evident  from 
the  okidation  of  p.-bromnitro  diphenyl  to  p-brom-  and  p-nitrobcnzoic  acids  (5, 6),  because 
benzidine  (I)  is  formed  from  p^-dinitro-diphenyl  (2),  which  maybe  rearranged  to  p,- 
amidonitro-diphenyl  (3),  and  P|-bromnitro-diphenyl  (4)  (Gustav  Schultz,  A.  174,  227) : 

<!:,H,[4]NH,        C.H4[4]NO,     ^C,H,[4]NH,        C,H,[4]Br    ~       CO,II 

>l  (6) 

C.H,[4]Br 

The  constitution  of  benzidine  forms  the  basts  for  one  of  the  proofs  of  the  constitution 
of  diphenic  acid  (p.  340) ;  also  for  that  of  phenanthrene  isomeric  with  anthracene. 

Benzidine  Disulphate  consists  of  small  scales  with  a  silvery  luster;  preparation,  6. 
a6,  R.  321.    Concentrated  sulphuric  acid  converts  it  into  benzidine  sulphone  (B.  aa, 

2467). 

Diacetbensidine  melts  at  317^.  Thionylbenzidine,  (Cj^H^  .  NSO),  (B.  24,  753). 
Di-(o-nitiobenayl)-beniidine  melts  at  227®  with  decomposition  (B.  29,  1450). 

o-Nitio-p,-diamido-diphenyl,  m-Nitrobenzidine,  melts  at  143®  (B.  23,  796)— see 
benzidine. 

o,-Oinitro-p^-diminido-diphenyl,  m-Dinitrobensidine^  melts  at  214^  (B.   23,   795^. 
3,-Dinitro-4,-diacetdiamido-diphenyl  melts  above  300^  and  is  converted  by  caustic 
j)oUsh  into  3,-dimtio-4.-dianiido-diphenyl,  o-dinitrobenzidine,  melting  at  220^  (B.  5, 
237;  90,  1024).     5,-DinitXD-2,-dimmido-diphenyl  (B.  25,  128). 
II — 29 
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o«p-Diamido-diphenyl,  DiphenyHne^  melts  ftk  45®  and  boils  at  jfaP.  FkcpmtiQO, 
see  lienxidinc  (A.  207,  348  ;  B.  aa,  joi i).  o,p,-Trimmido*diphenyl,  m-AmidthmiSMi, 
(H.  23,  797).     n,,|vTetramido-diphenyl,  n^-^/iiamfV/piA^iis/i/f^^^  at  I65^  is 

olHained  from  Q,diniCro-p,-dianiido-diphen7l  (see  benzidine),  and  by  loss  of  amnooia 
liccomes  p,-dianii<lo-carbazole. 

Di-p-phenylenediamine,  (NH,U2,5]C;H.  .  C^H,[2,5](NIi,),,  meliing  at  I68^  ii 
converted  l»y  hydrochloric  acid  at  180^  into  5,-dianiido-carfa!uole  (B.  85,  131). 

Benaidine  Homologuea,  p,Oiainidophenyl-tolyl,  o-Methyl  Benzidine,  H|N .  C^- 
II,.  (',II,(CH,) .  NH,,  is  formed  upon  reducing  a  mlature  of  nitrobaizene  and  o-oitio- 
toluenc.     It  melts  at  90**  (B.  23,  3222). 

o  Tolidine,  i^'DiamiJa-m^-JimetkylJiphenyi,  from  o-hydraaotoloene,  melts  at  128^ 
(B.  20.  2017;  23.  3252). 

m-Tolidine,  x^y DMrnido-Oydimethyldiphenyl^  from  m-hydraaotolnene  (p.  117),  mehi 
at  109®.     Isomeric  ditolylin  (B.  23,  3252)  is  produced  at  the  same  time. 

()•  and  m-IIydrazotoluenes  suffer  under  the  inBuence  of  acids  the  betmdine  reatntiigt- 
fnmt.     p-llydrazotoluene  under  like  conditions  follows  Xht  semidine  rearrangememt  {j^ 

Benzidine  Dyes. — Benzidine  yields  azo-dyes,  transposition  prodncts  of  the  diaio- 
(hloride  from  benzidine  and  amidosul phonic  acids, phenol  carboxylic  acids,  and  pbcool- 
siil|)h(iiuc  acids,  which  unite  directly  with  cotton  fiber  (Griess,  B.  aa,  2469).  These 
dyes  arc  oiitainc<l  as  sixlium  salts,  which  are  prepared  by  adding  the  aqueous  solotioD  of 
the  (etrn/ficliloride  to  the  aqueous  solution  of  two  molecules  of  the  sodium  salt  of  the 
other  component. 

StHliuin  acetate,  sodium  carlwnate,  or  ammonia  is  added  to  the  solution  of  the  sodium 
salt  to  combine  the  hydrochloric  acid  which  is  liberated : 

r  U  N    (1       C-ll.(oil)ro-Na  C-H-N:N.C1H,(oh)  CX>,Sa 

c^ll^N.ii       ('5U4(on)C(),Na  CjH,N:N.C,Hj(OH).CO,Na  1  ■     ^ 

The  sotlium  salts  of  two  different  components  can  be,  step  by  step,  brought  into  reac- 
tion witli  llie  tetrazochloriiic,  and  mixed  tetrazo  dyes  (B.  19,  1697,  1755 »  ***»  ^-273;  •'• 
K.  71)  result. 

Ktprcscntatives  of  the  cla>s  of  benzidine  dyes  are: 

.         ^,  ^      .        CVI4    N:N.C,II,(OH).CO,Na 

Chrysamme,   Flavophcnme,    1  •^       /         .  which  is   nude 

"^  *^  c;H4  .  N  :  N  .  C.II^COII ) .  (T),Na  ' 

from  diphenvUctrazochloridc  and  scKlium  salicylate  (e(]uation  above)  (B.  aa,  2459). 
^  6»^ .  N  :  N  .  C,H,(NH,) .  SO.Na  .     , 

Congo   Yellow,    I  ^  ,,  *      „  ,  is  obtained  from  diphenyl  letra- 

C  ^1!^.  N:N  .  CjHj.  OH 
zochloride,  phenol,  and  .sul|)hanilic  acid. 

'\\\v  precedinjj  dyes  color  cotton  tilx?r  yellow. 

'I'he  first  rod  dye  l>r<»u^:ht  into  commerce  was  Congo  red^  which  is  formed  from  the  inter- 
action of  diphenyltetrazochloride  and  sodium  naphthionate.  It  will  be  brtnight  forward 
a^MJn  under  the  naphthalene  a/o-dyes.  The  ^-naphthylamine  sulphonic  acids  are  [or- 
ticiilarly  valuable  in  the  preparation  of  substantive  dyes. 

Substantive  dyes,  similar  to  those  from  benzidine,  have  been  obtained  from  |i,amido- 
niethyldii>hcnyl,  o-mfthylhtnzidine^  o-  and  mtolidines^  dianisidine  (p.  337),  thiohenJ 
dinr.thiotolidine  (B.  20,  K.  272),  })^diamido-l)enzophenone  (p.  347),  n.-diamidostiIbini 
(P-  370)  (B.  2i,R.  383). 

It  may  be  said  that,  as  a  rule^  those  substituted  benzidines  (nitroand  sulphobenzidines. 
tolidines,  etc.)  having  the  substituent  in  the  meta-position  (relative  to  the  amidogmup) 
yield  inactive  or  ferb/e  subs.'antiije  azo-dyes.  Diamido-diphenylene  oxide,  bcniidinc 
sulphone  (see  this),  and  diamido  carbazole  (see  this)  constitute  exceptions.  They  conUin 
athinl  ring-shaped  chain  (B.  23,  3252,  3268;  24,  1958). 

It  is  interesting  to  observe  that  benzidine  hydrochloride  itself  unites  with  cotton.  It 
mordants  the  cotton.     I  lence  it  is  possible  to  produce  the  benzidine  upon  the  fiber  (B.  I9» 

The  •«  onesided  diazotizing »» of  benzidine  is  attained  through  the  action  of  a  p-tcinuo- 
aiphcnyl  salt  upon  the  aqueous  solution  of  a  benzidine  salt  (B.  27,  2627) ;   compare 
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mignitioos  of  the  diazo-group,  p.  loo.  When  the  bisdiazocompound  of  benzidine  is  al- 
lowed to  act  upon  acetoacetic  ester  there  result,  with  one  molecule  of  the  ester :    Cyclo- 

formasylcarboxylic  Ester,  COOCjHjC^     '  A*„*»  »  reddish-brown  powder, 

fnsiiig  with  difficalty  (see  formazyl  carboxylic  acid,  p.  130)  ;  and  with  two  molecules  of 
the  ester : 

tiisacetylglyoxylic  Ester  Phenylhydra2one,[CH,COC(COjC,H5):  NNHC.II^-],, 
yellow  needles,  melting  at  198°  (A.  295,  332). 

p-Hydraxinodiphenyl,  CjH5C.H4[4]NH .  NH,  (B.  27,  3105). 

Biphenylsulphonic  Acids.—^n  digesting  biphenyl  with  sulphuric  acid  the  first 
pioduct  is  biphenyl-p-sulphonic  acid  (its  chloride  melting  at  115^  and  its  amide  at 
229^),  and  later  biphenyl-p,-disulphonic  acid,  melting  at  72<',and  its  chloride  tX  203*' 
(B.  13,  288).  When  potassium  biphenyl -p-sulphonate  is  heated  it  changes  to  biphenyl 
and  potassium  biphenyl-p,-disulphonate.  Biphenyl-o,-disulphonic  Acid  is  obtained 
from  DeDzidinc-o,-disulphonic  acid  (A.  261,  310). 

Benzidine  Sulphonic  Acids :  4,-Diaiiiido-biphenyl-2,disulphonic  Acid  is  formed 
bom  m-hydrazobenzene  sulphonic  acid  (A.  261,  310 ;  268,  130),  and  when  fused  with 
caustic  potash  yields  4,-diamido-diphenylene  oxide. 

4,-Dianiido-biphenyl-3,-disulphonic  Acid  is  produced  on  heating  benzidine  with 
Ofdinary  sulphuric  acid  to  210°  (B.  22,  2466). 

o-Tolidine  Oisulphonic  Acid,  ^-Diamido-^^-dimelhylbiphenyl-2^-di5ulphonic  Acid 
(A.  270.  359). 

4,-Dihydrasino-biphenyl-2,-di8ulphonic  Acid,  (C^H,<    '    *  1.  See  A.  261, 323. 

Ozybiphenyls  are  obtained  from  the  biphenyl  derivatives  by  methods  similar  to 
those  by  which  the  phenols  themselves  are  prepared  from  the  benzene  derivatives,  and 
abo  in  the  oxidation  of  phenols  containing  a  single  nucleus,  when  they  are  fused  with 
caustic  potash  (B.  27,  2107). 

Monoxybiphenyli. — p-Oxybiphenyl,  C^Hj.  CgH^[4]OlI,  melting  at  165**  and  boiling 
at  306®,  is  obtained  from  diazobenzene  chloride  and  phenol  (U.  23,  3708). 

Dioxybiphenyls. — o^-Dioxybiphenyl,  o^-Biphenol^  melting  at  98°,  is  made  on  fusing 
ftnorene  (see  this)  with  caustic  potash  at  400°,  and  from  bi phenyl -o,-disulphonic  acid  (A. 
161,  362).  m-Biphenol,  melting  at  123.5°,  is  obtained  from  odianisidine  and 
111,-diamidobiphenyl  (B.  27,  2107).  p^-Biphenol,  melting  at  272°,  is  prepared  from 
benzidine,  biphenyl-p,-disulphonic  acid,  and  from  phenol  by  the  action  of  KMnO^  (B.  25, 
R.  335).     o,p-Biphenol,  from  diphenyline,  melts  at  160°. 

Tetraoxybiphenyls. — Bipyrocatechine,  (HOljC^H,.  CjHj(OII)„  melting  at  84°, 
Bireaorcinol,  melting  at  310°,  and  bihydroquinone,  melting  at  237°,  result  when  the 
three  dioxybenzenes  are  fused  with  sodium  hydroxide  (B.  zz,  1336;  Z2,  503;  z8,  R. 

23). 

Hezaozybiphenyls. — Hydrocoerulignone  is  a  derivative  of  hexaoxybiphenyl. 
Coenilignone,  or  cedriret,  bears  the  same  relation  to  it  as  quinone  to  hydroquinone. 

Coenilignone,  O, :  C|,H,(OCH,)|,  separates  as  a  violet  powder  when  crude  w#xi- 
spirit  is  purified  on  a  large  scale  by  means  of  potassium  chromate.  It  is  further  formed 
on  oxidizing  dimethyl-p3rrogallol  (p.  164)  with  potassium  chromate  or  ferric  chloride : 


2C.H,{ 


(O .  CH,),       -4H  (€11,0)3:  C,!T,0 

OH  (CIIjO),:(^\5H,0' 


G>eraligone  is  insoluble  in  the  ordinary  solvents,  and  is  precipitated  in  fine,  steel-blue 
needles,  from  its  phenol  solution,  by  alcohol  or  ether.  It  dissolves  in  concentrated  sul- 
phuric add  with  a  beautiful  blue  color.  Large  quantities  of  water  color  the  solution  red 
at  first  Reducing  agents  (tin  and  hydrochloric  acid)  convert  coenilignone  into  color- 
lev  hydfocoemlignone,  which  changes  again  to  the  first  by  oxidation.  Coenilignone 
is,  thetefore,  a  quinone  body,  and  may  be  called  a  dotible-nticlei  quinone. 

It  unites  with  primary  aromatic  amines,  forming  blue  dyes.  It  is  very  probable  that 
m  doing  this  two  methoxyl  groups  are  replaced  by  amino-residues  (B.  30,  235). 

Hydrocoerulignone,  Cj^HjgO,,  melts  at  190®,  and  distils  wiih  aXmosX  \\o  ^t,wi\nsgRr 
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sit  ion.     When  heated  with  concentnted  hydrochloric  Acid  it  breaks  down  into  mdhyl 
chloride  and  Hezaoxydiphenyl,  C^Al^O^  (B.  ii,  797). 

AmiJo  oxyf>iphenyls  are  obtained  irom  oxjlnphenyb  |B.  aa,  335)  •  and  from  the  alkyl 
ethers  of  oxyazoderi^atives,  having  free  p-positioni,  Dj  the  bcnjMine  rearFangement 
(H.  23,  3^56).  In  the  coal-tar  indusitry  o-dianisidine  or  4,-duiinido-3,-dimetboxybi- 
phenyl  and  ethozybenzidine,  from  o-nitroanisol,  are  of  great  Talue.  They  yield 
violet,  blue,  and  black  substantive  cotton  dyes  with  amidonaphtbalene  sulphonic  add, 
naphthol  sulphonic  acid,  and  amid  maphthol  sulphonic  acids :  oMoviclet^  bemsawtim^ 
iUamine  bliuk,  etc.  (  H.  aa,  R.  372 ;  24,  R.  55,  56,  etc.). 

Biphenyl  Carbozylic  Acids  ore  obtained  from  diphenyl  derivatives  by  reactions 
similar  to  those  by  which  the  benzene  carboxylic  acids  are  prepared  from  the  derivatives 
of  lx:nzene.  Tlicy  are  of  just  as  much  importance  in  determining  the  constitutioo  of 
diphenyl  bodies  as  the  l)enzene-caiboxylic  acids  for  the  benzene  compounds. 

Biphenyl  Monocarboxylic  Acids. — There  are  three  possible  acids:  o- Phenyl-ben- 
zoic Acid,  Cflfj  CfH4[2]CO,H,  melting  at  lii^,  is  produced  by  fusing  diphenyleoe 
ketone  with  caustic  |)otA.sh  (A.  z66,  374) ;  by  the  distillation  of  sodium  salicylate  »ith 
triphenyl  phosphate  (J.  pr.  Ch.  [2],  28,305) ;  and  from  o-amido-  and  o- methyl -diphenyl. 
If  the  acid  l>e  treated  with  VQ\^  or  if  it  be  heated  with  sulphuric  acid  to  100®,  or  with 
lime  tt)  more  elevatc<l  tem|)eratures,  diphenylene  ketone  will  be  formed  (A.  266, 142; 
279,  259).  m-Phenyl-benzoic  Acid,  melting  at  160®,  results  from  the  oxidation  of 
in  mcthylbiplicnyl.  of  isodiphenyl benzene  (see  this),  and  in  the  reduction  of  brom- 
ni-i)lienylI>enzoic  acid  (H.  27,  3390). 

p- Phenyl -benzoic  Acid,  melting  at  218^,  is  obtained  from  p-methylbiphenyl,  from 
p  <liphenyll>enzene,  from  sodium  biphenylsulphonate  (A.  282,  l43),fromp-amidodiphenyl. 
and  by  fusing  benzoic  acid  with  caustic  {x^tash.  It  is  reduced  to  ^pkenylhtxahydro- 
hnr.oii  «i</«/,  CjIl5('glI,5[4]CO,H,  melting  at  202®,  which  upon  heating  to  100°  with 
luilrochloric  aci<i  is  rearranged  to  phntylisohcxahydrohenzoic  acitf^  melting  at  113*  (A. 
282,  \y)).  p^  Nitrophenylbenzoic  Acid,  melting  at  222-225**,  results  from  the  oxi- 
tl.ition  of  p.,  nilrophenyl  tolyl.  It  yields  the  corresponding  amido-acid  (B.  29,  166)  on 
reduction. 

Oxyhiphfuyl  Caiboxylic  Acids. — The  following  acids  are  all  derivatives  of  o-phcnyl- 
bfn/oic  acid. 

0  Phenyl-salicylic  Acid,  CVl5[6]CgII.,[2](OH)CO,H,  melting  at  159®,  results 
uiH-in  fusing  3  o\yiii|)heny]ene  ketone  and  potassium  hydroxide  (H.  28,  1 12). 

2  Phenyl  m  oxybenzoic  Acid,  C^ll,.i[2]CgH,[3]OH  .  CO,H,  melting  at  154°,  is 
obtained,  together  witli  \Jhiphcuylmethylo.id'\^  as  the  princifxil  product  in  the  fusion  of  6 
oxydiphenylene  ketone  with  potassium  hydroxide  (A.  284,  307). 

oOxyphenylo  benzoic  Acid  is  only  known  in  the  form  of  its  lactone,  [biphcnvl- 
(Vl«[2](:() 
nieihylolid],  ■  1      ,  melting  at  92.5°,  which  is  formed  as  a  by-product  on  fusing  6- 

oxydiplienylene   ketone  or  o-oxyfluorenonc  with  caustic  potash,  in  small  quantities  by 

the  action  of  POCl,  \\\yQ\\  so<lium  salicylate,  and  when  phenol  acts  upon  the  sulphate 

of  f>  iliazobenzene  (A.   284,  316).      It  corresiK)nds  in  composition  to  pkfnanthridone, 

(;il4[2]a> 

/'•  II  r  -.^.ff '  celling  at  293°  (see  this),  which  is  produced  when  bromine  and  causae 

<  ftH4[2]MI 

I)Otash  act  upon  diphenaniic  acid  (A.  276,  245). 

o-Oxyphenyl-o  benzoic  Acid,  lln[4]C,H^[i]C,Il4[2]CO,H,  melting  at  206°,  is 
pro<lucc<l,  together  with  [bii)henylmetliyloIid]  and  phenyl-ether  salicylic  acid,  by  the  action 
of  phenol  upon  the  sulphate  of  o-diazobenzoic  acid  (A.  286,  323). 

Biphenyl  Dicarboxylic  Acids  contain  the  two  CO,H-grou(is,  either  linked  to  the 
same  or  to  different  t^nzenc  residues.  Diphenic  acid  is  the  most  important  biphenyl 
dicarlx>xylic  acid. 

[Sl-Phenylisophthalic  Acid,  QH5[5]C.H,[i,3](CO,H,),  melts  above  310^,  and 
IS  formed  on   boiling  l)enzaldehyde  and  pyroracemic  acid  with  baryta-water  (B.  a4. 

Diphenic  Acid.  o^Biphmyldicarboxylic  Acid,  QO^\2\QJA^  .  C,H^[2]a),», 
melts  at  2290.  It  is  produced  in  the  oxidation  of  phenanthraquinone  with  a  chromic 
acid  mixture,  or  by  boiling  it  with  alcoholic  potash.     The  constitution  of  phenauthrenc 


DIPHBNIC  ANHYDRIDE. 


341 


fellows  from  its  coostitntion.  That  of  diphenic  acid  (2)  is  evident  from  its  oxidation  to 
o-phthalic  acid  (1)  (Anschiitz  and  Japp,  B.  zz,  211)  by  potassium  permanganate,  and  its 
formation  by  the  deamidation  of  p,-diamido*dipbenyl-o,-dicarboxylic  acid  (3),  which  is 
obtained  on  the  one  hand  from  p^-dinitrodiphenic  acid  (4),  and  on  the  other  by  the 
rearrangement  of  mhydrazobenzotc  acid  (5)  (G.  Schultz,  A.  204,  95) : 


(I) 

CO,  II 


P,H,[2]CH^ 
C^H^[2]CH 


f 


w 


CjH^[2]CO,H 
AC,H4[2]CO,H 


^C,H,[2]CO^ 
C,H,[2]CO 


NO, 
CO,H 


1  (3)    r. 


Mm 


no. 


NO, 
ICO 


^'•"3 


(7) 


/  r2]co,n 

I  L4JNH, 


\ 


C^H, 


{[$ 


NO, 


C,H,[4]NH, 
C,H,[4]NII, 


(5) 

NH[3]C,H,CO,H 
NH[3]C,H,CO,H 

\(8)       ^, 


In  this  circle  of  reactions  there  shoald  also  be  included  the  formation  of  p,-dinitro- 
diphenic  acid  by  the  oxidation  of  p,-dinitrophenanthraquinone  (6)  and  the  transposition 
of  diamidodiphenic  acid  to  benzidine  (7),  the  constitution  of  which  was  previously 
deduced  (p.  337),  and  to  p,-diamidO'f1uorene  (8). 

Concentrated  sulphuric  acid  changes  diphenic  acid  to  diphenylene-ketone  carboxylic 
acid  (see  this).     When  it  is  digested  with  acetyl  chloride  or  acetic  anhydride  it  yields 

C-H..CO\ 
Diphenic  Anhydride,  (,  ^O,  melting  at  213°  (A.  226,  i).     This  is  a  remark* 

CgH^ .  CO/ 
able    compound,  inasmuch  as   it  can   be  viewed  as  adipic  anhydride  and  contains  a 

C-IL.  COCl 
••scven-membered'*  ring.     Diphenic  Chloride,  1  ,  melting  at  93°,   is  re 

duced  in  ethereal  solution  by  zinc  and  hydrochloric  acid  to  phenanthrene  hydroquinone, 

C-H. .  C(OH)  C-IL  .  CO .  NH, 

i  »l  (A.  247,  268).     Diphenamino-acid,  .%  *  /,  melting  at  193°, 

C.H,.C(OH)  CgH,.CO.OH 

is  converted  by  a  hypobromite  or  hjrpochlorite,  in  alkaline  solution,  into  phenanthridone 

C.H.  .  COv 
(see this)  (A.  276,  248).     Diphenimide,   f  ^NH,  melts  at  219°  (A.  247,  271). 

NO,[4]CJI,r2V6,H 
p,-Dinitrodiphenic  Acid,  J  i  melts   at  253®.     See  diphenic  acid 

NO,[4]CjHj[2]CO,H 
for  its  formation. 

p,- Diamidodiphenic  Acid — for  its  formation  and  decomposition  see  diphenic  acid. 

Isodiphenic  Acid  (o,m')  CO,H[3]CgH4 .  CgH4[2lCO,II,  melting  at  2160,  is  pro- 
duced when  diphenyleneketone  carboxylic  acid  (see  this)  is  fused  with  caustic  potash. 

o.p^-Biphenyldicarboxylic  Acid,  CO,H[4lCgH4 .  C,n^[2]CO,H,  melting  at  251°, 
is  obtained  from  diphenyline  (p.  338)  (B.  22,  3019). 

p,-Biphenyldic«rboxylic  Acid  decomposes  at  a  more  elevated  temperature.  It  is 
obtained  from  diphenyl-p,-dicyanide  and  by  oxidizing  p,-ditolyl. 

p,-Diainidobiphenyi-m,-dicarbozylic  Acid  is  obtained  from  o-nitrobenzoic  acid,  just 
as  p^-diamidodiphenic  acid  is  prepared  from  m-nitrobenzoic  acid  (B.  25,  2797). 

ni,-Dimethyl-biphenyl-p,-dicarbozylic  Acid  melts  al>ove  300^,  is  formed  from 
o-tolidine  (p.  338)  and  is  oxidized  to  diphthalic  acid,  6ipAfn}^/-m^,p^-i/icardoxy/ic  acid, 
(CO,H),r3^]C.H..C,H,[3,4](CO,H),  (B.  26,  2486). 

I  B.  Diphenylbenienes,  Diphenylphfnylenes^  ^J^^^^^^^h^v — T'wo  such  bodies  are 
known :  m-Diphenylbenxene,  Isodiphenyibeuzftte^  melting  at  85°  and  boiling  at  369®, 
■nd  p-  Diphenylbenxene,  melting  at  205^  and  boiling  at  383^.  They  are  formed  simul- 
taneously on  conducting  benzene  through  a  tube  heated  to  redness,  and  by  the  action  of 
diaxdbenzene  chloride  upon  diphenyl  and  AI,Clf  (B.  26,  199S).    TVie  ^-\yA>)  v&  ^i^»» 
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pnMluced  in  the  action  of  sodium  upon  a  mixture  of  p-dibrombeiiaeDe  and  bn»b«iieiie 
(A.  164,  168).  Isodiphenylbenzene  is  also  prepared  ffom  m-dichlorbenxene  and  dikv- 
bcn/ene  by  the  action  of  sodium  in  xylene  (B.  29,  R.  773). 

I  C.  Triphenyl  Benzenes,  C,Hg(C^lL),.--I'he  sjrmmetrical  or  [1,3,5]  nwdificitioo 
is  formed  from  acetophenone  when  heated  with  P,0|,  or  bj  coodoctiDg  hydrochloiic 
acid  gas  into  it,  just  as  mesitylene  is  obtained  from  acetone  (p.  214).  It  melbi  at  169* 
(B.  23,  2533).     [1,2,3]  (?).Triphenyl  Beniene  melts  at  I57«>  (B.  a6,  69). 


II.  BBNZYLBBNZBNB  GROUP. 

Henzyll)enzcne  ordiphenyl  methane  is  the  simplest  hydrocarbon  of  this 
group.  The  alkyl  diphenylmethanes,  and  the  compounds  substituted  in 
the  benzene  residues  by  the  NO,,  NH„  or  OH-groups,  are  derived  from  it. 
If  we  suppose  an  hydrogen  atom  of  the  CH,-group  to  be  replaced  by  OH, 
wo  obtain  tlie  formula  of  benzhydrol  or  diphenylcarbinol,  which  changes 
l>v  oxidation  to  benzophenone  or  diphenylketone.  Diphenylmethane, 
C'HjCCHs),,  l>enzhydrol,  HOCHCQHs),,  and  benzophenone,  CO(C,H,)^ 
are  the  simplest  representatives  of  the  hydrocarbons,  the  secondary  alcohols 
aiul  the  ketones  of  this  group.  Attached  to  them  are  the  corresponding 
rarboxylic  acids — e.  g.  : 

CI  I,<  f «[[*  •  ^^»"  CH(0H)<^|5*^^«"  CX)<^«{{*^«" 

Bonzyl-bciizoic  Acid  Benzhydrol-benzoic  Acid  Benzoyl-benzoic  Acid. 


X.  HYDROCARBONS  (DIPHENYL   METHANES). 

Formation. — (i)  From  benzyl  chloride,  benzene  and  zinc-dust  (Zincke, 
A.  159,  374),  or  aluminium  chloride  (Friedel  and  Crafts).  (2)  From  for- 
nuildehydt',  nielhylal,  or  methylene  diacetate  with  benzene  and  sulphuric 
a(  id  (Haeyer,  H.  6,  9^.^).  Both  reactions  are  cai>able  of  wide  general- 
izati<^n.  Thus,  by  use  of  the  second  reaction,  substituting  other  aldehydes 
for  fonnaldcliyde,  niniierons  hydrocarbons  have  been  obtained  in  which 
two  benzene  residues  are  attached  to  the  same  carbon  atom  (see  unsym. 
dii>henyl-elhane,  ]>.  36S). 

Hoth  reactions,  upon  substituting  phenol  ethers  or  dialkyl  anilines  for  benzene,  lead  to 
KO-  and  l<2N-substitution  protlucts. 

(3)  Aromatic  alcohols  condense  with  aromatic  hydrocarbons  to  benzyl 
benzenes — eg.,  l)enzyl  alcohol  and  benzene  yield  diphenyl  methane 
(B.  6,  963). 

(4)  By  the  reduction  of  ketones,  into  which  the  benzyl  benzenes  arc 
oxidized. 

Diphenyl  Methane,  QHj .  CH, .  QH5,  Benzyl  Benzene,  is  obtained 
(i)  from  benzyl  chloride  and  benzene  with  zinc-dust  or  AlClj ;  (2)  from 
CHaCl,  with  benzene  and  AICI3;  (3)  from  methylal,  or  (4)  from  benzyl 
alcohol,  benzene,  and  sulphuric  acid  ;  (5)  by  the  reduction  of  benzo- 
phenone with  zinc-dust,  or  zinc  and  sulphuric  acid,  or  hydriodic  acid 
and  phosphorus,  and  (6)  ujxm  distilling  diphenylacetic  acid  (p.  368) 
with  soda-lime  (A.  155,  86). 


I 
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Diphenyl  methane  possesses  the  odor  of  oranges.  It  melts  at  26.5^  and  boils  at  261®. 
When  conducted  through  ignited  tubes  it  yields  diphenylene  methane  or  fluorene ;  a 
chromic  acid  mixture  oxidizes  it  to  benzophenone,  whereas  concentrated  nitric  acid 
changes  it  to  p,-,  o«p-dinitro-  and  tetranitrodiphenylmethane  (A.  283,  154). 

Benxyl  Toluenes,  Phenyl  Tolyl  Methanes,  C^H^ .  CH, .  C,H^ .  CH,.— A  liquid  mix- 
ture of  o-  and  p- benzyl  toluene,  which  cannot  be  separated,  is  obtained  by  the  action  of 
xinc-dust  on  a  mixture  of  benzyl  chloride  and  toluene.  Anthracene  is  formed  at  the  same 
time.  The  pure  ^ra-body  has  been  formed  by  heating  paraphenyl  tolyl  ketone  with 
sine-dust,  and  is  a  liquid,  boiling  at  285^.  It  appears  also  to  be  produced  in  the  action  of 
sodium  upon  p-bromtoluene  along  with  p-ditolyl  (p.  336).  Brommesitylene  and  sodium 
yield,  together  with  dimesityl,  2k pentamethyldtphenyl methane  (B.  29,  III). 

Bensyl-p-zylene  boils  at  294°.  Benzyl  Mesitylene  melts  at  36^  and  boils  at 
301®.  The  benzyl  durenes  melt  at  60°  and  boil  at  310®;  and  at  145®  and  326**. 
Benzyl  Pentaethyl  Benzene  melts  at  88®  (B.  26,  R.  58).  p,-Ditolylmethane  melts 
at  22®  and  boils  at  286®.  Dimesityl  Methane  melts  at  139®.  The  unsym.  hydrocar- 
bons were  obtained  according  to  methods  i  and  4,  and  the  sym.  according  to  method  I. 

Nitfodiphenyl  Methanes,  C^Hj .  CH, .  CH^  .  NO,  (A.  283,  157).— The  ortho- 
compound,  prepared  from  o-nitrobenzyl  chloride  and  benzene  with  AlCI,,  is  liquid  ( B. 
18,  2402;  29, 1303).  The  nuta-  and  //rra-bodies  are  derived  from  meta-  and  para-nitro- 
benzyl  alcohol  by  means  of  benzene  and  sulphuric  acid.  The  first  is  an  oil ;  the  second 
melts  at  yi^  (B.  16,  2716). 

m,-Dinitrodiphenyl  Methane,  melting  at  174®,  is  formed  from  m-nitrobenzyl  alco- 
hol with  nitrobenzene,  or  from  formaldehyde,  nitrobenzene  and  concentrated  sulphuric 
acid  (B.  27,  2293,  2321).  m,p-Dinitrodiphenyl  Methane,  p-Nitrobenzyl-m-nitro- 
benzene,  melts  at  103°.  p,-Oinitrodiphenyl  Methane  melts  at  183°.  It  is  obtained 
from  diphenyl  methane  along  with  o,p-dinitrodiphenyl  methane,  melting  at  1 18®  (B.  27, 
2110;  A.  194,363)- 

Tetranitrodiphenyl  Methane,  melting  at  172®,  forms  dark  blue  colored  salts  with 
alcoholic  potash  (B.  2Z,  2475). 

Amido-diphenyl  il/irMaff^j.^-o-Amido-diphenyl  Methane  is  a  liquid.  When  its 
▼apors  are  conducted  over  ignited  lead  oxide,  acridine  (see  this)  results.  Nitrous  acid 
converts  it  into  fluorene  f  B.  27,  2786).  m-  and  p- Amido-diphenyl  Methane  melt  at 
46**  and  34°  respectively  (B.  16,  2718). 

p,-Diamido-diphenyl  Methane,  melting  at  85®,  is  also  produced  from  methylene 
diphenylimide  in  the  presence  of  hydrochloric  acid  or  aniline  hydrochloride  by  an  intra- 
molecular atomic  displacement,  which  recalls  the  benzidine  transposition  and  the  forma- 
tion of  aniline  homologues  from  the  phenylalkylamines  (p.  73).  It  changes  completely 
to  para-rosaniline  or  rosaniline  when  heated  with  aniline  or  o-toluidine  in  the  presence 
of  an  oxidizing  agent  (B.  25,  303). 

Its  ieiramethyl  derivative  results  from  dimethyl  aniline  by  means  of  C,H,I,,  CC1,II, 
(or  CCl^),  or  with  methylal,  or  by  the  action  of  CS,  and  zinc  upon  dimethyl  aniline.  It 
melts  at  90°. 

The  hydrogen  of  the  group  CH,  attached  to  basic  radicals  is  very  readily  replaced  by 
sulphur;  see  p,-tetramethyl-diamiaothiobenzophenone  (p.  348).  See  A.  283,  149,  for 
isomeric  diamidodiphenyl  methanes. 

Oxybenzyl  Benzenes. — p-Benzyl  Phenol,  melting  at  84°  and  boiling  at  325°  (in 
CO,),  is  produced  (l)  from  benzyl  chloride,  phenol,  and  zinc ;  (2)  from  benzyl  alcohol, 
phenol  with  concentrated  sulphuric  acid,  or  zinc  chloride ;  (3)  from  p-amido-diphenyl 
methane. 

o^-Diozjrdiphenyl  Methane  is  only  known  in  the  form  of  its  anhydride,  xanthene  (see 
this). 

p,-Dioxydiphenyl  Methane  is  produced  on  fusing  diphenyl  methane  disul phonic 
acid  with  KOH  f  A.  194,  318).  It  melts  at  158^.  Its  dimethyl  ether  is  formed  from 
anisol  and  methylal  by  the  action  of  concentrated  sulphuric  acid  (B.  7,  1200),  and  mells 

St52<>. 

Methylene  Dipjrrocatechol,  CH,[C.H,(OH),],,  melting  with  decomposition  at 
220P,  is  produced  on  boiling  a  solution  of  pyrocatechin  and  formaldehyde  with  hydro- 
chloric acid  or  sulphuric  add  (B.  36,  254). 
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9.  ALCOHOLS  (BBNZHYDROL8). 

Diphenyl  Carbinol,  Ben%hydr<d,  (C,H5),CH .  OH,  melU  at  68®  and  both  at  198" 
with  partial  deionipoution  into  water  and  henzkydroi  eiker^  [C^H^),  .  CH],0,  mehug 
at  199^.  It  is  produced  on  heating  diphenyl  brom-methane  with  water  to  150^ ;  hmr 
readily  from  benzophenone  with  sodium  amalgam,  or  by  heating  with  alcoholic  pobBsiom 
hydroxide  and  zinc-dust  (together  with  benzpinacone)  (A.  184,  174). 

Phenyl -ptolyl  Carbinol  melts  at  52**  (A.  194,  265]. 

Diphenyl  Carbinol  Chloride,  Diphenyl  Ckhrmeikane,  melting  at  14®,  it  obttiiied 
from  benzhydrol  and  HCl.  When  heated  it  breaks  down  into  HCI  and  tetrapheoyl 
ethylene  (p.  378)  (B.  7,  1128).  Diphenylbrom-metkane^  from  diphenylmethane  ainl 
bromine,  melts  at  45^. 

Benzhydrylamine,  Nil,  .CH(CfHj),,  boiling  at  288^,  is  obuined  from  diphcayl- 
brommethone  and  from  benzophenonoxime  (B.  19,  3233).  The  latter  method  has 
afforded  the  homologous  alkylbenzhydroxylamines  (B.  24,  2797).  The  formyl  deriva- 
tive^ from  benzophenone  and  ammonium  formate  at  200-250®  (B.  19,  2129),  mehs  at 
132^.  The  thionyl  compound  boils  at  88®  (35  mm.)  (B.  36,  2189).  Dibemhydryl- 
amine  melts  at  136°. 

/i-Benahydxylhydrozylamine,  [Diphenylaminol  Methane],  HO .  NH  .  CHCC^Hj),, 
melting  at  78®,  is  formed  on  boiling  a  solution  of  diphenyl  brom-methane  and  acetoxime 
with  glacial  acetic  acid  and  water  ( A.  278,  3^)4). 

o-Amidobenxhydrol,  C,H4<^"(^*^)^«"»,  melting  at  I20^  is  formed  in  the  re- 
duction of  o-amidobenzophenone.  It  is  capable,  like  o-amidobenzyl  alcohol  (p.  180), 
of  producing  heterocyclic  compounds  (B.  29,  1304)* 

In  the  alJol  condensation  of  benzaldehyde  or  p-nitrobenzaldehyde  and  dimethyl  ani- 
line with  hydrochloric  acid  (by  ZnCl,  or  oxalic  acid  the  products  are  triphenylmelbaoe 
derivatives)  there  arise : 

p  Dimethyl  Amidobenzhydrol,  CgllsCI^OII)  .  Cj.H^N(CHj),» melting  at  69*,  and 
p-Dimethylamido-p-nitrobenzhydrol,  melting  at  96^  (B.  21,  3292).  By  reduction 
llie  latter  com[X)und  yields  \i-dimctliyi-amido-p-amidodipkenylmethaney  melting  at  165®. 
p-Tetramethyl-diamido-benzhydrol,  melting  at  96°,  has  been  obtained  by  the  reduc- 
tion of  p^-tt^traniethyldiamidobenzophenone  (B.  22,  1879).  On  boiling  the  former  with 
dilute  mineral  acids  until  the  blue  color  has  disappeared,  it  breaks  down  into  dimethyl- 
aniline  and  dimethylamidobenzaldehyde  (B.  27,  3316).  In  the  solid  condition 
p,  tetraniethyldiamidobenzhydrol  is  white,  while  its  solution  is  blue  in  color  (B.  20, 
1733  Anm.). 

3.  KETONES  (BENZOPHENONES). 

The  ketones  of  the  benzylbenzene  group  bear  the  same  relation  to  the 
benzoic  acids  that  the  acetones  bear  to  the  fatty  acids : 

CH, .  c()j,H  ^o<ch'  ^6^5 .  co.,n  CO<^"5 

Acetic  Acid  Acetone  Benzoic  Acid  Benzophenone. 

This  analogy  is  shown  in  the  various  methods  of  formation. 
Methods  of  Formation, — (i)  By  oxidizing  (a)  the  benzyl  benzenes  and 
(b)  the  benzhydrols  with  chromic  acid  : 

CH,<g{{-  -'-°-^CO<g|{jK— °—  HOCH<C.H.. 


^«'*5 


If  the  CH|-group  contains  alky  Is  or  carboxyl,  these  groups  will  be  split  off  by  the 
oxidation,  with  the  production  of  ketones.  If  the  benzene  residues  contain  alkyl  groups 
these  are  converted  into  carboxyl  groups. 


BENZOPHENONS.  345 

(2)  By  the  action  of  hot  water  upon  the  ketone  chlorides  (see  benzo- 
phenone  chloride^  below). 

Nucleus  Syntheses, — (3)  By  the  distillation  of  the  calcium  salts  of  mono- 
nucleus,  aromatic  monocarboxylic  acids,  the  CO,H-groups  of  which  are 
in  direct  union  with  the  benzene  residue : 

§11:  ■-  cC8>c« 5-c:ll:>co + co.c.. 

(4)  By  the  condensation  of  benzoic  acid  or  its  anhydride  on  heating  with  benzene  and 

PA- 

(5)  By  the  action  of  benzoyl  chloride  on  benzene,  in  the  presence  of  aluminium 
chloride. 

Phosgene  reacts  in  the  same  manner,  and  acid  chlorides  are  the  first  products.  These 
Uioi  change  into  ketones  (B.  10,  1854) : 

-HCl  -HCl 

COO,  +  q^H^^^^j^;^  q,H, .  coc\  +  cji.-^^5^^j^.H,coc,H,. 

(6)  By  the  action  of  mercury  diphenyl  upon  the  acid  chlorides—^,  g.^  benzoyl 
chloride. 

Behavior, — (i)  On  heating  with  zinc-dust  or  hydriodicacid  and  amor- 
phous phosphorus,  the  ketones  sustain  a  reduction  of  the  CO  group  and 
revert  to  the  hydrocarbons;  for  example,  diphenyl  ketone  yields  diphenyl 
methane.  (2)  Sodium  amalgam  changes  them  to  secondary  alcohols 
(benzhydrols)  and  pinacones. 

Benzophenone,  Diphenyl  Ketone,  CO(C8H5)2,  is  known  in  two 
modificatiuns,  the  unstable  (labile),  melting  at  26°,  and  produced  on  boil- 
ing the  stable  form,  melting  at  46°.  The  unstable  modification  slowly 
reverts  to  the  more  stable  variety.  This  takes  place  rapidly,  and  with  a 
very  perceptible  evolution  of  heat,  upon  touching  it  with  a  trace  of  the 
stable  variety  (B.  26,  R.  380).  Benzophenone  has  an  aromatic  odor.  It 
boils  at  307®  (760  mm.)  and  at  162*^  (12  mm.).  It  is  produced  accord- 
ing to  the  general  methods:  (i)  by  oxidizing  diphenyl  methane,  unsym- 
metrical  diphenyl  ethane  (p.  368),  benzhydrol,  diphenylacetic  acid  (p. 
368),  etc. ;  (2)  from  benzophenone  chloride  ;  (3)  by  the  distillation  of 
calcium  benzoate ;  (4)  by  the  action  of  P^Oj  upon  benzoic  acid  and  ben- 
zene; (5)  from  phosgene  or  benzoyl  chloride,  benzene  and  aluminium 
chloride,  and  (6)  from  benzoyl  chloride  and  mercury  diphenyl.  When 
fused  with  caustic  potash  it  breaks  down  into  benzoic  acid  and  benzene. 
It  is  converted  into  diphenylmethane,  benzhydrol,  and  benzpinacone  by 
reduction  (p.  378). 

Benznpkenone  Ifomologties. — o-Phenyltolyl  Ketone,  boiling  at  315^,  when  conducted 
over  heated  lead  oxide,  passes  into  anthraquinone  (see  this),  while  it  yields  anthracene 
vben  heated  with  zinc-dust  (H.  6,  754).     m-Phenyltolyl  Ketone  boils  at  314°. 

p-Tolylphenyl  Ketone  is  known  in  two  modifications:  the  unstable  (labile) ^n// 
Beits  at  55®  ;  it  is  hexagonal.  The  stable  form^  melting  at  59°,  is  monoclinic  (A.  189, 
&4;  B.  la,  2299). 

p-Ditolyl  Ketone  melts  at  92^  and  boils  at  333°.  Benzoyl  Xylene  melts  at  36^ 
and  boils  at  317^  (B.  17,  2847).  Benzoyl  Mesitylene  melts  at  36*'  and  boils  at  317^ 
(J.  pr.  Ch.  [2],  35,  486),  etc.     All  these  are  most  conveniently  prepared  by  method  5. 

herwaiives  of  Bens/ophenotu  Obtaintd  by  the  Replacement  of  Oxygen. — Benzo- 
phenone Chloride,  DiphenyldicMormethane^  ^^IsC^e^s))*  boiling  al  19^^  V.'^j^  mm.^<» 
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is  prodaced  when  PG^  acts  upon  benzophenone.  When  heated  with  water  it  re 
benzopbenone,  while  with  silver  it  yields  tetrai^cnylethylene  (p.  378),  and  wit 
dust  tetraphenylethylenc,  a-  and  /i-benzpinacoline  (B.  29,  1790).  Benzopt 
Bromide,  CBr,(Cf If 5),,  is  produced  on  dropping  bromine  into  diphenylmethane 
to  150**. 

Acfiiils  of  benzophenone  are  obtained  from  benzo(^enone  chloride  with  sodiu; 
holates,  as  well  as  from  benzophenone  and  otho-formic  ethers  (see  p.  189).  Dime' 
and  diethozydiphenyl  methane  melt  at  107^  and  52®,  and  boil  at  289^  and  2< 
29,  2932  ;  R.  774). 

Thiobenzophenone,  ^S(CfHj),,  is  derived  from  benzene  by  means  of  thioph< 
CS,C1,,  and  aluminium  chloride.  In  this  reaction  the  phenol  ethers  react  more 
than  the  hydrocarbons  (B.  28,  2869).  lliiobenzophenone  is  further  produced 
action  of  phosphorus  sulphide  upon  benzophenone,  but  best  of  all  when  an  al 
solution  of  potassium  sulphide  reacts  with  benzophenone  chloride.  It  is  an  intensel 
colored  oil,  which  congeals  at  lower  temperatures  to  blue  needles,  and  under  a  p 
of  14  mm.  distils  at  174^.  The  thiobenzophenones,  when  acted  upon  with  n 
cop|)er,  yield  tetraphenylethylene  and  its  substitution  products  (B.  29,  2944). 

Diphenyldinitromethane,  (CQHg),C(N20J,  melting  at  78®,  results  upon  sat 
a  solution  of  benzophenone -oxime  in  ether  with  nitrogen  tetroxide.  It  is  changei 
to  benzophenoneoxime  with  zinc-dust  and  glacial  acetic  acid.  Benzhydrylamine 
formed  (B.  23,  3490). 

Imidot>enxophenone,  (C^H(),C  =  NH,  is  a  colorless  oil,  obtained  in  the  act 
dry  ammonia  upon  a  chloroform  solution  of  amido- benzophenone  chlorhydrate. 
chlorhydrate  results  when  benzophenone  chloride  is  heated  with  urethane  to  130**. 
water  readily  decomposes  it  into  benzophenone  and  ammonium  chloride.     Phen> 

zalsultime,  ^e^'^vol  *    *  /^N,  melting  at  164®,  should  be  viewed  as  a  derivai 

imidobenzophenone,  produced  in  the  condensation  of  pseudosaccharin  chloride  ([ 
with  benzene  and  aluminium  chloride  (B.  29,  2296). 

Phenylimidobenzophenone,  Dipheny  I  methylene  Aniline^  (^"s^s)^^  =^  N  • 
melting  at  109°,  is  formed  from  benzophenone  chloride  and  aniline  (A.  187,  199). 

Benzophenonoxime,  (CgHj)jC  :  N  .  OH,  melting  at  140°,  is  known  in  onl 
modification  (for  the  possible  existence  of  an  unstable  (labile)  form  consult  B.  : 
1008),  while  unsymmetrical  benzophcnones — e.  g.^  brombenzophenone  and  phen) 
ketone — each  form  two  oximes  (B.  23,  2776).  It  is  also  formed  in  the  interaction  o 
benzophenone  and  hydroxylamine. 

Benzophcnoxime,  when  dij^ested  al  loo®  with  sulphiu-ic  acid,  with  hydrochlori 
and  glacial  acetic  acid,  etc.,  sustains  a  peculiar  molecular  rearrangement  into  Ik 
ilide.  The  isomeric  bt-nzanilide  imide-chloride  is  produced  in  like  manner  fro: 
imide  chloride  formed  by  PCl^  (p.  199)  (H,  22,  R.  591).  Th^ phenylhydrazone,  (C 
C:  N,H.  CgH^.  melts  at  137°  (B.  xg,  R.  302). 

Benzophenone  Halogen  Derivatives  are  mostly  produced  by  method  5  (p. 
o-Brombenzophenone,  melting  at  42^,  is  noteworthy  because  of  the  mobility 
bromine  atom.  If  o-brom benzophenone  oxime,  melting  at  132°,  be  acted  upox 
caustic  alkali  it  splits  off  hydrogen  bromide  and  htcomts  phenylindoxazene, 

/C.H. 

•  C  N\ 

Cgll^r^       pN  (see  this)  (B.  27, 1452),  while  m-  and  p-brombenzophenone,  on  the 

hand,  yield  with  o-brombenzophenone  two  isomeric  oximes  (B.  25,  3293  ;  A.  264, 
171). 

The  sym.  m,  p-Dibrombenzophenones,  (BrCjH^),CO,  melting  at  142°  and 
yield  but  one  oxime  (A.   264,    160).      o,p-Dibrombenzophenone,   melting  at 
yields  one  oxime^  melting  at  141°  ;  this  can  be  readily  rearranged  to  p-brompb 
indoxazene  (B.  27,  1453). 

o-Chlorbenzophenone  Oxime  shows  less  readily  and  o-lodbenzophenone  o 
more  readily  than  o-brombenzophenone  oxime  the  formation  of  phenylindoxazene  (t 
I2SO). 
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NiirobenMopkenanes. — o-»  m-,  and  p-Nitrobenzophenone  melt  at  195^,  94^,  and 
138^  (B.  16,  2717;  18,  2401).  Phenylindoxazene  is  produced  when  the  oxime  of  the 
o-body  is  boiled  with  caustic  soda  (B.  26,  1250).  o,-,  m,-,  pj-Dinitrobenzophenone 
melt  at  188^  (y),  148^  (/?),  and  189°  fa).  o,m-,  o,p-,  m,p-Dinitrobenzophenone, 
(NO,C,H.)yCO,  melt  at  126®  (e),  l^^  ((f),  and  172°.  o--  and  o.m-Dinitrobenzophenones 
are  fonned  m  the  nitration  of  benzophenone  (A.  283,  164;  H.  27,  21 11).  o^.p^-Tetra- 
nitxobenxophenone  melts  at  225^(6.  27,  2318).  Other  substituted  benzophenones  are 
described  in  the  A.  a86,  306,  etc. 

Amidobenzophenones  are  obtained  from  nitrobenzophenones,  from  benzoic  acid, 
dimethyl  aniline  and  P20(,  benzoyl  chloride,  phthalanil  and  ZnCl,  (B.  14,  1838),  etc. 
x>-,  m-,  p-Amidobenxophenone  melt  at  106°,  87°,  and  124®.  o-Amidobenzophenone 
is  made  from  the  amide  of  o-benzoyl  benzoic  acid  by  the  action  of  sodium  hypobromite 
(B.  27,  3483;  A.  291,  8).  o-Amidobenzophenone  Oxime,  melting  at  156°,  is  re- 
arranged at  high  temperatures  by  hydrochloric  acid  into  phenyl  benzimide  azole  or  o- 
pbenylenebenzamidine  (H.  24,  2385).  Acetyl  o-amidobensophenone  melts  at  89°. 
p-Dimethylamidobenzophenone,  p-Benzoyldimethyl  Aniline,  melting  at  90°,  is  also 
formed  on  heating  malachite  green  with  concentrated  hydrochloric  acid  at  180®  (A.  217, 
257  ;  B.  21,  3293). 

Ring-f<nrmatiims  of  o-Amidobenzophenone. — (i)  Acridone  is  produced  when  o-amido- 
benzophenone  is  heated  with  lead  oxide  (B.  27,  3484).  (2)  Nitrous  acid  converts  this 
o-body  xoXq  fluorenone  or  diphenylene  ketone  (B.  27,  3484).  (3)  a-  Phenylindoxazene  is 
readily  obtained  from  o-amidobenzophenone  and  nitrous  acid  (B.  26,  1667).  (4)  When 
acetyl-o-amidobenzophenone  is  heated  with  alcoholic  ammonia  it  condenses  to  phen-/^ 
methyl -a-phenylmiazine  or  a-phenyl-)3- methyl  quinazoline  (B.  25,  3082).  (5)  Acetyl- 
pkenylisindazole  (B.  24,  2383;  29,  1255)  results  when  acetyl-o  amidol>enzophenone 
oxime  is  rearranged  by  contact  with  Beckmann's  mixture.  (6)  o-Amidobenzophenone 
condenses  with  acetone  and  sodium  hydroxide  to  a  methyl- 3-phenylquino}ine  (B.  18, 
^05)-  (7)  When  heated  to  200°  with  cyanacetic  ester  the  product  is  /?-cyan-}  -phenyl- 
pseudocarbostyril  (B.  27,  R.  589).  (8)  With  urea  it  yields  ^-phenylquinazolon  (H.  29, 
13 10).  (9)  When  the  hydrochloride  of  o-amidobenzophenone  is  heated  water  is  elimi- 
nated and  there  results  an  anhydro-bis-^amidobenzophenofie^  which  probably  contains  an 
<*  8-membered ''  ring  (B.  29,  1272) : 


.  O.OH 


NO.OH 


(■)  ''"•^'^§h:>~ 

(2)  •"•'[']^J«|>oo 


U;  <^"«<NH.CO.CH,  ^ 

{<\  C.\\  /   '^N  OCO  C".  >■ 

15)  W"»v.„„,.O.CH, 

(6)  SHK^H,"^"'  ""••"°""'      > 

(7)  CVH«<S^*^"'      "'•"^"^'"°> 

(8)  W<^<^«»         ''^'-»     > 


— ^NH<W>co 
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C  H  /^^^«"*) '  ^"        a-Methyl-y-phenyl- 

•  *\n—   -  c.cHj       quinolinc 

C  H  /^(^•"»''  f •^''      Cyan-y-phenyl- 

•  *\nh CO  pseudocarbostyril 

/C(c-He):N 
C-H^r^  I  4-Phenyluuinazolon 

•\nh CO  ^ 


CH  (    ^N 

^"<\o-- 

/C«H5 
^N=C.CHj 
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DiiimiJohenzopkenones.—^',  ny,  p^-DiamidobciiS€>plieiiOiie«  ndt  it  134*.  lit* 
ami  239°.  Nitrous  acid  converts  the  o-bodj  into  xanthooe  (see  tliis)  and  o-mayfliuiaMie 
( H.  a8,  1 1 1 ).     p,- Diamidobenzophenone  yields  lubatantive  oottoa  dyes  (B.  n,  988). 

Tetramethyl-p,diamidobensophenone,  CO<^n*  •  ^[^H  ^•  ""^  ■**"  ^" 

ing  hexamethyl  violet  with  hydrochloric  acid  (B.  19, 109).  It  is  technically  pfqarcd  bf 
the  action  of  COCI,  upon  dimethyl  aniline  in  the  prasence  of  AlCl,.  It  mdts  at  17/. 
Nitrous  acid  converts  it  into  nitrosotrimethyldiamidobenxophenone  (B.  94,  319^. 
I  )imethylaniline  and  I*C1,  convert  it  into  methyl  violet,  while  it  yields  lla^mttu 
VI  jih  phcnyluaphthylamine.  Its  oxime  melts  at  233**  (B.  19, 1852}.  Its  hyiirmtmewAi 
at  174°  (l;.  20.  1 112). 

Tetramethyli),-diamido-thiobensophenone,  CS[CgH^ .  N(CH,),],,  results  froa 
the  actitm  of  hydrogen  sulphide  ujwn  an  alcoholic  aoramine  solution  healed  to  60",  or  it 
can  be  prepared  from  dimethylaniline  and  CSCl,.  It  consists  of  ruby  red  crystalline  lesBets 
with  a  blue  lustre  or  a  cantharides-green  crystalline  powder,  melting  at  202^  (B.  ao, 
J266.  3290). 

Auramine,  Tetramethyl-^'diamid^'imidobenzopkenome  Hydrochloride^ 

[(Cll3),Nr.n,LC  =  NH.IICI,  or  [cii,)|n-C*H,/^-^"«  ^®-  *^'  ^  ^'' 
results  when  tetramethyldiamidobenzophenone  is  heated  with  ammonium  chloride  nd 
7.inc  chloride,  as  well  as  from  p-dimethylamidobenzamide  by  the  action  of  dimethylaai* 
line  and  zinc  chloride  (B.  28,  K.  86).  Perfectly  analagons  djrestuffii  are  obtained  froB 
the  primary  anilines  and  diamines  (B.  20,  2844 ;  a8,  R.  65).  Auramine,  golden-jeltov 
leaflets,  is  important  as  a  cotton  dye.  Cotton  mordanted  with  tannin  is  colored  a  beuti- 
ful  yellow  by  this  salt. 

Potassium  cyanide  changes  it  to  the  nitrile  of  the  corresponding  tetramethyldiamido- 
diphenylacelic  acid  (H.  27,  3294). 

(Mo.ni-,  (<Mo,p-,  (C)m,pDiamidobenxophenones  melt  at  80^,  128®,  and  126^  (A. 
283,  149;   I^  28,  III). 

Oxybenzophenones  are  formed  :  ( i)  From  amidobenzophenones ;  in  this  change  the 
<•  :uni(l()l)cM.(»plienones  (p.  347)  pass  chiefly  into  fluorenones.  (2)  By  decomposing  the 
Niintlujiies,  which  may  be  viewed  as  cyclic  phenyl  ethers  of  o^-dioxybenzuphenones, 
with  caustic  |X)tnsh.  (3)  By  the  condensation  of  benzoic  acids  or  oxybenzoic  acids  and 
phenols  willi  zinc  chloride  or  phosphorus  oxychloride  (B.  26,  R.  587),  sulphuric  acid  or 
tin  trlrachloiide  (H.  23,  K.  43,  18S  ;  24,  967).  (4)  From  phenols  by  means  of  beni'^yl 
chloiidc,  zinc  dust,  or  zinc  chloride,  or  aluminium  chloride  (B.  12,  261).  (5)  By  the 
.'Kiion  of  benzotrichloride  and  zinc  oxide  (B.  10,  1969)  upon  phenols  or  their  benzoyl 
esier>.     (6)   15y  the  action  of  alkalies  upon  benzotrichloride  and  phenols  (B.  24,  36771 

O.xybenzophetioties  cotttaiuiu^ but  one  hydroxyl-grottp  in  one  benzene  residue.— o-Oiy- 
benzophenone,  o  Bnizoylphcuoly  melting  at  41°,  is  produced,  together  with  the  phenyl 
fstcr  of  benzoic  acid,  by  the  6th  method  of  formation  ;  also  from  phenylindoxazone  isee 
this)  u[K>n  heating  it  with  hydriodic  acid  and  phosphorus  (B.  29,  R.  350).  The  best 
method,  however,  consists  in  treating  methyl  salicylic  chloride  with  oenzene  and 
ahiniinium  chloride  (B.  29,  S24).  m-Ozybenzophenone,  melting  at  116®,  is  produced 
according  to  method  I  (B.  24,  4044).  p-Oxybenzophenone,  melting  at  134°,  is  pro- 
dun'd  by  nirthods  I,  4,  and  5  (B.  25.  3533).  ())'*,-,  (/^)m,-,  (<2lp,-Diozybenzo- 
phenones  melt  at  173°,  162°,  and  210®,  and  (c)o,m-,  (r))o,p-Diozybenzophenones 
melt  at  120^  and  I42".  They  are  obtained  from  the  corresponding  diamidokiizo- 
I'lurnones. 

(»2  Dioxylienzophenone  is  also  made  from  its  anhydride,  xanthone  or  diphenylene 
ketone  oxide,  by  careful  fusion  with  potassium  hydrate  (B.  19,  2609).  o.p-  and  p,!^'- 
oxybenzophenones  are  also  produced  in  the  condensation  of  salicylic  acid  and  phenol 
with  tin  tetrachloride  (A.  283,  175).  ^i,'^^'^'^}'^"^^?^^"^"^  ap|iearsalso  in  ihedecom 
}H)sition  of  aurine,  ben/aurine,  phenol ph'thaleTn,  and  rosaniline  upon  heating  them  with 
water  or  caustic  potash  (B.  x6,  1931). 

Oxybenzophenones  tontaining  ntore  than  one  hydroxyl  attached  to  ttfte  /it  nzene-HM- 
cleus. — These  are  prepare<l  mainly  by  method  3  (p.  345).  Mention  must  be  made  of  the 
l^etones  obtained  from  pyrogallic  acid  and  gallic  acid,  for  they,  like  alizarine,  are  dyci. 
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The  djTcstufT  prepared  from  benzoic  acid  and  pyrogallol  melts  at  140°.  It  bears  the 
ime  aiizarine  yellow  A  in  trade  (A.  369,  295). 

Bensoyl-2,5dioxyben2ene,  CgHjCOC,H,[2,5](OH),,  melting  at  125^,  is  obtained 
an  benzaldehyde  and  quinone,  exposed  to  sunlight  (B.  24,  1340 ;  p.  167). 

The  barks  of  coto  and  paracoto,  found  in  Bolivia,  and  possessing  therapeutic  yalue, 
CODtAin  a  series  of  benzophenone  derivatives.     They  are : 

Cotoln,  C.H, .  CO .  dH,(OH),(OClI,),  melting  at  1300  ; 

Hjrdrocotoln,  C^H^ .  CO  .  C.H,{0H)(OCH,)„  melting  at  98®  ; 

Methyl  HydrocotoTn,  C^Hj.  CO.C,H3(6CH3)3,  melting  at  113°  (R.  25,  1119; 
flB^  3340 ;  27,  419),  which  are  methyl  ethers  of  benzoyl  phloroglucin  ;  and  Protocotoin, 
(CH,0),(IiO)  .  C,n,  .  CO .  CjH,(0,CH,),  melting  at  141°,  as  well  as  Methyl  Proto- 
OOtoin,  (CH,0),.  C,H,.  CO. C,M3(0,CH,),  melting  at  134°,  derivatives  of  1,3,5-tri- 
OBybenzoprotocatechone. 


4.  CARBOXYLIC  ACIDS  OP  THE  DIPHENYLMETHANE  GROUP. 

There  are  three  classes  of  these  acids :  A.  Diphenyltufthane  Carboxylic  Acids ;  B. 
Btnzhydrol  Carboxylic  Acids;  C.   Benzophenone  Carboxylic  Acids. 

A.  Diphenylmethane  Carboxylic  Acids. — o-,  m-,  p- Benzyl -benzoic  Acids,  C^Hj.  - 
CH,.  Cgll^  .C(),H,  melt  at  117°,  107°,  and  154°.  When  the  oacid  is  digested  with 
Mlphnric  acid,  anthranol  (see  this)  is  produced  (B.  25,  3022;  27,  2789;  A.  291,  17) 
(B.  9,  633).  oCyandiphenyl  Methane,  melting  at  19°  and  boiling  at  313°,  is  ob- 
teiaed  from  o-cjranbenzyl  chloride  by  means  of  benzene  and  aluminium  chloride,  as  well 
•i  from  o-amidodiphenylmethane. 

Benzyliso-  and  -terephthalic  Acid,  C^Hj.  CH,,  (.\,Hj,(CO,TI)— see  B.  9,  1765. 

Diphenylmetbaneo,-dicarboxylic  Acid,  Q\i^[(lJA^2\0.)^\\\^  melting  at  254°, 
lesolts  from  the  reduction  of  the  lactone  of  benzhydrol-o^-dicarlK^xylic  acid,  and  that  of 
the  dilactone  of  benzophenone-o,dicarboxylic  acid.  Concentrated  sulphuric  acid  changes 
it  to  anthranolcarboxylic  acid  (A.  242,  253). 

Diphenylmethane-m.-dicarboxylic  Acid  melts  at  220-225°.  Diphenylmethane- 
p-dicarbozylic  Acid  melts  at  290°  (B.  27,  2324). 

B.  Benzhydrol  Carboxylic  ^«V/j.— o-Benzhydrylbenzoic  Acid  Lactone,  Phenyl- 

pkikalide^  Q^l^  \  \  ,  melting  at  115°,  is  formed  by  the  reduction  of  o-ben- 

(  [2]COO 
zoyi  benzoic  acid,  and  by  the  breaking  down  of  benzhydrol-o^-carboxylic  acid  on  the 
iqpplication  of  heat.  The  acid  corresponding  to  the  lactone  is  not  capable  of  existing  as 
mch ;  its  salts,  however,  are  known.  PCl^  converts  the  lactone  into  anthraquinone  ( B. 
ai,  2005).  o-Cyanbenzhydrol,  CjH.(CHOH)CgH^[2]CN,  has  l)een  prepared  from 
CjHjCllCl .  CgH^CN,  the  reaction  product  from  chlorine 


f^cyandiphenylchlor methane^  C^l 

and  cyandiphenyl methane  (B.  29,  1315).    m-  and  p-Benzhydrylbenzoic  Acid  melt  at 

121^  and  at  164®  (A.  220,  242).     p-Tolylphthalide  melts  at   129°;  for  its  homo- 

rCH.CJI,.OH 
lopies  sec  A.  234,  237.     Ozyphenylphthalide,  C^PI^  \      \  ,   melting  at 

I  COO 
180^,  is  obtained  from  phthalaldehydic  acid  (p.  236),  phenol,  and  sulphuric  acid  (73  per 
cent.)  (B.  27,  2632). 

rCH— C^II^COjlI 
Benahydrol-o^-lactone  Carboxylic  Acid,  C^H^  \    \  ,  melting  at  202°, 

(coo 

C^CO,II 

bprodiiced  on  heating  benzhydroltricarboxylic  acid  mono-lactone,  CJc{/    \^6^  I^.COsH, 

^COO 
the  reaction-product  of  alkalies  upon  diphthalic  acid  (A.  242,  233). 

C  Btnxophenomi  Carboxylic  Acids  are  formed  (i)  in  the  oxidation  of  the  alkyl- 
d^enylmethanes,  alkylbenzophenones,  diphenylmethane  carboxylic  acids,  and  benz- 
hydrol carboxylic  acids ;  (2)  from  benzoyl  chloride  and  l)enzoic  anhydride  ^vvVv  Lvck^K; 
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malachite- green  and  rosaniline  gnrapa,  u  the  lemc^-^ernmiives  of  whicb  ihey  i 
quently  designated ;  (3)  bjr  the  amdenaation  of  benahjdrol  or  beonldeliyde  aid 
hydrochloride,  or  dimethyl  aniline  hydrochloride  with  P,0^  or  ZoCXg.  When  a 
with  chloraniU  or  11/ ),  and  hydrochloric  acid,  etc..  their  salts  change  to  thoK 
color -bases  to  which  malachite -green  and  rosaniline  belong  ;  they  are  derived  fr 
phenyl  carbinol. 

mAmidotriphenyl  Methane,  (CgH^).CIlC^H«[  3]  NH,,  melting  at  Iao^isol 
from  m-nitrotriphenylmethane  (R.  az,  189). 

p-Amidothphenyl  Methane,  mehing  at  84®,  is  formed  (l)  ftom  p-aitrolri 
methane  (H.  33, 1623),  and  (2)  from  benzhydrol,  aniline  hydrochloride,  and  zinc  c 
(A.  206,  155). 

p-Dimethylamidotriphenyl  Methane,  (C.H^\CH .  C,H4[4]N(CH,),.  mel 
132®,  is  formed  from  benzophenone  chloride  and  dimethyl  aniline,  as  well  as  froo 
hydrol  and  dimethyl  aniline  with  P,(\  (A.  206,  113).  as  well  as  ftom  bensopfc 
dimethvl  aniline,  and  zinc  chloride  (A.  242,  341).  p-Acetamidotriphenyl  Mf 
melts  n't  176°  (H.  24,728). 

p^-Diamido-triphenyl  Methane,  C,H5.CH(CgH^[4]NH,),,  melting  at  r 
QII^  at  106°,  the  parent  sul«tance  oi  malachite-green^  is  obtained  (I)  from 
chloride  and  aniline  with  zinc-dust ;  (2)  from  benzaldehyde  with  aniline  hydrod 
on  heatin(v  with  zinc  chloride  to  120^  (B.  15,  676),  or  by  boiling  benzaldeliyd 
aniline  and  hydrochloric  acid  (B.  18,  R.  334) ;  (3)  by  reducing  diamidotripben; 
binol  chloride  with  zinc-dust. 

V,-Tetramethyl-diamido-triphenyl  Methane,  C^Hj .  CH[' 
r4]N(CH;,)..]j,  Uucomalathite-green^  is  dimorphous,  and  crystal liz 
Icatlets,  moiling  al  93-94°,  or  in  needles,  which  melt  at  102°.  Tin 
modification  is  obtained  jnire  by  crystallization  from  alcohol,  the  s< 
from  benzene.  It  is  obtained  by  methylating  p«-diamido-tri|»l: 
melhaiie,  as  well  as  by  the  action  of  benzaldehyde  upon  dimethyl  an 
Technically,  it  is  made  by  the  condensation  of  benzaldehyde 
dimethyl  aniline  with  hydrochloric  or  sulphuric  acid  (formerly 
chloride  or  oxalic  acid).  By  oxidation  it  becomes  pa-tetramethyld 
do-triphenyl  carl>inol,  the  basis  of  malachite-green. 

o  an<l  m-Nitropf-diamido-triphenyl  Methane  are  produced  in  the  condensai 
o-  and  tn-nitrol>en/al(lehyde  with  aniline  sulphate  by  means  of  zinc  chloride. 
m  l)o«ly  melts  at  136°  (H.  13.  671  ;   16,  1 305). 

l>-Niiro  pj-diamido-triphenyl  Methane  is  obtained  from  p-nitrobenzaldehyd 
a>  Ihi*  o-  and  m-coiii|M:)Uiuls  are  prepared.     See  p-leucaniline  (B.  25,  670). 

Hcnzaldchyde  and  the  nitrobenzaldehydcs  condense  with  o-  and  p-toluidine,  j 
they  do  with  aniline  and  dimethyl  aniline  (B.  18,  2094),  whereas  m-toluidin 
m  derivatives  of  aniline  only  react  readily  if  the  amido-group  is  methylated  (1 
1563). 

Triamidotriphcnyl  Methanes  result  from  the  reduction  o; 
nitro-  and  nitr()amidotri|)henyl  methanes  and  of  the  triamidotripl 
carbinols.  The  latter  are  the  rosaniline  bases  if  the  three  amido-g 
occur  in  the  i)-f)osition  with  reference  to  the  C(OH)  group.  Thei 
duction  products  are  also  called  leucanilines.  These  are  white 
cipitates,  and  when  oxidized  yield  the  carbinols  : 

o,pj-Triamidotriphenyl  Methane,  or  o-Leucaniline^ 

and  m.pj-Triamidotriphenyl  Methane,  or  Pseudoleucaniline^ 

and  P3- Triamidotriphcnyl  Methane,  or  Paraletuaniline^ 

which,  upon  oxidation,  yield  dyestuffs.  That  from  the  o-body  is  b 
in  color,  that  from  the  m-body  is  violet,  while  that  from  the  p-comp 
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\m pararosaniline  (p.  356).  p-Triamidotriphenylmethane  is  also  produced 
in  the  condensation  of  p-amidobenzaldehyde  and  aniline  with  zinc 
chloride;  its  tridiazochloride,  CH(C»H4.  N,Cl)j,  when  boiled  with  alco- 
hol, forms  triphenylmethane. 

p^-Triamido-diphenyl-mtolyl  Methane,  Leucaniline,  (NH,[4]- 
CtH4)aCH .  CeHs[4](CH,)  .  NH,[3],  is  the  leuco-com pound  correspond- 
ing to  the  chief  constituent  of  rosaniline  obtained  by  the  reduction  of 
trinitro-diphenyl  meta-tolyl  methane,  and  is  also  made  by  digesting 
the  fuchsine  salts  with  ammonium  sulphide,  or  zinc-dust  and  hydro- 
chloric acid.  By  diazotizing  and  replacing  the  diazo-groups  by 
hydrogen  (best  by  dissolving  in  concentrated  sulphuric  acid,  conducting 
nitrous  acid  into  the  same,  and  boiling  with  alcohol)  leucaniline  is 
changed  into  diphenyl-m-tolyl  methane. 

2.  Carbinols  are  formed  by  oxidizing  the  tri phenyl  methane  hydro- 
carbons, their  nitro-  and  amido-compounds. 

Triphenyl  Carbinol,  (QHs^C  .  OH,  melting  at  159®,  boils  without 
decomposition  above  360®,  and  is  produced  by  oxidizing  triphenyl- 
methane with  chromic  acid  in  glacial  acetic  acid  (B.  14,  1944),  on  boil- 
ing triphenyl-brom-methane  or  triphenylchlormethane  with  water  (B.  7, 
1 206),  or  with  a  soda  solution,  as  well  as  from  pararosaniline  (B.  26,  2 1 25), 
and  from  oxalic  ester,  or  benzaldehyde,  or  benzophenone  with  sodium 
and  brombenzene  in  ether  (B.  28,  2514).  The  methyl  ether  melts  at  82°, 
and  the  acetate  at  99^  (A.  227,  116). 

Diphenylmtolyl-carbinol,  (C^Hj), .  C(OH) .  C^,H<[3]CHj,  melting  at  1500,  is 
prepared  from  dipbenyl-m-tolyl  methane  in  the  same  manner  as  with  triphenyl  carbinol 
(A.  194.  283). 

Triphenylchlormethane,  Triphenyl  Carbinol  Chloride^  (C,H5)jCCl,  melting  at  105- 
115^,  results  upon  treating  triphenyl  carbinol  with  PCl^,  and  by  the  action  of  aluminium 
chloride  upon  carbon  tetrachloride  in  benzene  solution.     When  heated  above  250^  it 

C*  IT 

breaks  down  into  diphenylene  phenyl  methane,  C^H^.d!^  1*    *,  and  hydrochloric 

acid. 

Triphenyl-brom-methane,  (CH5)jCBr,  melting  at  152^,  is  produced  when  bromine 
acts  in  sunlight  upon  triphenylmettiane  dissolved  in  carbon  disulphtde  (A.  227,  no). 
Abo<re  200°  it  breaks  down  like  the  chloride.  Potassium  cyanide  transposes  it  into  tri- 
pbenylacetonitrile  (p.  370). 

Triphenyl-methylamine,  Triphenylcarbinolamine,  (C,!l5)jC .  Nil,,  melting  at 
103^,  is  produced  on  conducting  dry  ammonia  gas  into  a  benzene  solution  of  triphenyl- 
caibinol  bromide  or  chloride  (B.  17,  442,  741).  Triphenylcarbinolphenylamine, 
(C:;H4),C  .  NH  .  C^Hj.  melts  at  144**  (B.  17,  703,  746). 

Diphenylbenxylsultam,  C,H^  |  t']g^^»^»^«~">NH„  melting  at  2io«,  may  be 

viewed  as  a  derivative  of  triphenylmethylamine.  It  is  formed,  together  with  phenyl- 
bensalsnUime  (p.  346),  in  the  condensation  of  pseudosaccharin  chloride  with  benzene  and 
AljCl,  (B.  ag,  2296).  m-  and  p-Nitrotriphenyl-carbinol,  (C,H5),C(OII)C,n^NO„ 
melt  at  75^  and  at  136^  (B.  21,  190;  23,  1623). 


p,-Trinitrotriphenyl  Carbinol,  (NOj[4]QH4)s .  C .  OH,  melting  at 
171**,  is  prepared  from  p,-trinitrotriphenyl  methane  by  the  action  of 
chromic  acid  in  glacial  acetic  acid.  It  yields  p-rosaniline  upon  reduc- 
tion. 

11—30 
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Amidotriphenyl  Carbinola. — Pk-Diamidotriphenyl-carbino1  and 
IVtriamido-carbinoIs,  of  this  class,  deserve  especial  consideratioD. 
]),-'!  etramethyldiamidotriphenyl-carbinol  is  the  basis  of  malachite-green 
and  ]vtrianiidotriphenyl-carbinol  that  of  p-rosaniline.  The  freeamido- 
t  arbinols  are  colorless.  In  contact  with  acids  water  is  eliminated  and 
color-salts  result.  These  are  also  formed  by  the  direct  oxidation  of  the 
salts  of  the  leuco-coniiH>unds,  and  pass  into  the  latter  upon  reduction. 
Thus,  p-leucaniline  hydrochloride  (i)  yields,  ujx)!!  oxidation,  p-rosaniline 
<  hloridc,  from  which  colorless  ivtriamidotriphenyl-carbinol  is  separated 
by  bases ;  hydrochloric  acid  converts  this  compound  again  into  p-rosani- 
line chloride: 

N I  r,[4]C,II,\  ^,X( VI«[4]^'H,HCI^ '"-  NHrf4]C,H4\ c/PtH^NHja-^-i^NH^H^x   /^H.KH, 
M!,!4j.V,ll,/    VH  -5-^NII,[4]C,H^/    \ !  -j^3^^NH,C^H,/''\0H       ' 

The  formula  of  i)-rosaniline  chloride  can  be  more  conveniently  written 
than  shown  in  the  diagram  by  assuming  it  to  be  derived  rather  from  the 
ilikclo  formula  than  from  the  superoxide  formula  of  quinone-imide  (p. 
172),  and  the  valence  of  the  nitrogen  still  be  considered  as  five: 

(NH,[4]C,H,),C  =  q,H,[4]  =  NH.Q. 

As  the  triamidotriphenyl-carbinols  are  considerably  stronger  bases 
than  the  corresj)onding  triamidotriphenyl-methanes,  and  as  two  amido- 
gr()n])s  heliav  c  dilTerently  than  the  third,  the  following  constitutional  for- 
mula has  been  suggested  for  p-triamidotriphenyl  carbinol  (B.  28,  207): 


(NH,[4]C«HJ,C .  0(C,H,[4]NH,). 

in-  and  p-Amidotriphenyl  Carbinol,  (C,H5XC(OH)C,H4NH,.  melt 
at  155°  and  116°  (15.  21,  190;  23,  1625).  The  salts  of  these  carbinols 
(.lo  not  possess  color-j)ower. 

p.j-Diamidotriphenyl  Carbinol. — The  chloride  of  this  dye,  soluble 
with  a  reddish-violet  color,  is  produced  on  heating  aniline  hydrochloride, 
nitrobenzene,  and  benzotrichloride  with  iron  filings  (A.  217,  242). 

j),-Tetramethyl-diamido-triphenyl  Carbinol,  QHs .  C(OH)rCr 
H<[4]N(CH3)2]2>  melting  at  132°,  crystallizes  from  benzene  in  colorless 
forms.  It  is  obtained  from  its  salts  (malachite-green)  by  precipitation 
with  the  alkalies  and  by  oxidizing  an  alcoholic  solution  of  ivtetramethyl- 
diainido-triphenylmethane  with  chloranil  (A.  206,  130). 

The  free  base  yields  almost  colorless  solutions  with  acids  in  the  cold; 
upon  standing,  more  rapidly  on  heating,  the  solution  acquires  a  green 
color  and  then  contains  the  green  salts — malachite-greens — of  the  anhydro- 
base  of  the  carbinol  (B.  12,  2348). 

Malachite  Green,  Bitter  Almond  Oil  Green,  ^e^s  •  C<^||*J?j^[|^^^^^^ 

the  hydrochloride  of  the  anhydro-base,  is  produced  when  zinc  chloride 
acts  upon  a  mixture  of  benzotrichloride  and  dimethylaniline,  or  upon  a 
mixture  of  benzoyl  chloride  and  dimethyl  aniline  (A.  206,  137). 
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Technically.  Icucomalachite  green  is  first  prepared  and  its  hydrochloride  then  oxidized 
with  lead  peroxide.  Upon  heating  to  200°  with  concentrated  hydrochloric  acid  it  breaks 
down  into  dimethyl  aniline  and  p-benzoyldimethyl  aniline  (p.  347).  The  iodnuthylaU^ 
C,H4C(OCHj)[CgH4N(CHj),I],  -f  2H,0,  is  obtained  on  heating  p,-diamido-triphenyl- 
cvbinol  and  p,-tctramethyldiamido-triphenyl-carbinol  with  methyl  iodide  and  methyl 
alcohol. 

Biftlachite  green,  characterized  by  its  strong  coloring  power,  usually  appears  in  trade 
in  the  form  of  its  tine  chloride  doable  salt,  (CmHmN.CI).  .  2ZnG,  -|-  2H,0,  or  its  oxal- 
ale,  (C„H„N.).3C.O.H,. 

History. — Malachite  green,  or  bitter  almond  oil  green,  was  obtained  in  1877  by 
O.  Fischer  in  the  oxidation  of  p,-tetramethyldiamido-tripbenyl  methane.  He  obtained 
the  Utter  compound  by  condensing  benzaldehyde  with^  dimethylaniline.  Doebner  ( 1 878) 
showed  how  malachite  green  could  be  prepared  from  benzotrichloride  and  dimethyl 
aniline. 

Brilliant  Green,  Solid  Green ,  Neto  Victoria  Green,  is  the  tetra-ethyl  derivative,  cor- 
responding to  malachite  green,  which  is  made  from  diethylaniline  and  benzaldehyde  (B. 
14,  2521).     The  color  is  more  yellow-tinted  than  that  of  malachite  green. 

Acid  Green  is  a  dye  obtained  from  benzaldehyde  and  benzyl-ethyl  aniline  by  conden- 
sation, oxidation,  and  sulphonation.  The  sulpho-groups  are  in  the  benzyl  residue  (B. 
aa,  588). 

Nitromalachite  Greens  have  been  prepared  with  o-,  m-,  and  p-nitrobenzaldehydes 
and  dimethyl  aniline  as  the  starting-out  substances  (B.  15,  682). 

Triamidotriphenyl  Carbinols. — ^'Triamidotriphenyl  carbinol^  p,- 
triamidodiphenyl'VCi-tolyl  carbinol^  and  their  methyl,  ethyl,  benzyl,  and 
phenyl  derivatives,  are  of  the  highest  importance  for  the  coal-tar  color 
industry.  Their  salts  with  one  equivalent  of  acid,  hydrochloric  or  acetic, 
constitute  the  group  of  rosaniline  dyes  in  the  more  restricted  sense.  Like 
malachite  green,  the  rosaniline  dye-substances  are  free  from  carbinol 
oxygen,  as  the  salt  formation  is  accompanied  by  an  intramolecular  an- 
hydride formation.  The  carbinols  separated  from  these  salts  by  alkalies 
are  colorless,  but  turn  red,  however,  on  exposure  to  the  air. 

Puchsine  is  the  dyestuff  produced  in  the  oxidation  of  a  mixture  of 
aniline,  o-toluidine,  and  p-toluidine.  It  is  the  so-called  red  oil  (p.  76). 
Rosaniline  is  the  chief  ingredient  of  fuchsine.  It  is  the  hydrochloride 
or  acetate  of  anhydro-ps-triamidodiphenyl-m-tolyl  carbinol,  CjoHj^N,.- 
HCi  +  4H,0  or  CaoH„Nj .  CjH^O,.  The  monacid  salts  combine  with 
two  additional  equivalents  of  acid,  forming  yellowish-brown  colored 
salts,  which  water  decomposes  into  the  stable,  monadd  salts  with  intense 
colors.  These  are  applied  as  dyes.  They  are  mostly  readily  soluble  in 
water  and  alcohol,  and  crystallize  in  metallic,  greenish  crystals.  Their 
solutions  are  carmine-red  in  color,  and  stain  animal  tissue  directly 
violet-red,  while  vegetable  fiber  (cotton)  must  first  be  mordanted  (tannin). 
Fuchsine  combines  with  sulphurous  acid,  forming  the  readily  soluble, 
QoXoxXcssfuchsine'Suiphuraus  acid. 

Aldehydes  impart  a  red  color  to  this  solution,  which  serves  as  a  reagent  for  them. 

Oxidants  used  with  red  oil  (p.  76)  are  stannic  chloride  (Verguin,  1859),  mercurous 
and  mercaric  nitrates,  arsenic  acid  at  180-200°  (Medloc,  Nicholson,  Girard  and  de 
laire,  i860);  nitrobenzene  with  a  little  ferrous  chloride  or  ammonium  vanadate  at 
180-190^,  when  the  half  of  the  red  oil  is  applied  as  hydrochloride  (Coupier,  1869 ; 
compare  B.  6,  25,  423,  1072). 

In  the  arsenic  acid  method  the  fuchsine  is  obtained  in  the  form  of  arsenites,  which  are 
then  converted  into  the  chlorhydrate  or  acetate,  and  obtained  free  from  arsenious  acid  by 
iccrystallization. 
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The  ttitroieMzetu  mdkod  yields  immediAtelj  a  focbune  which  is  nol  poiiOBoai.  Hie 
nitrobenzene  only  acU  as  an  oxidant,  without  entering  into  the  Inchsine  fematioB  it  all 

Fuchsine  is  not  formed  either  from  aniline  or  fivm  p-toloidine,  or  from  o-toliridiiie 
alone.  Even  a  mixture  of  aniline  wKh  o-toluidine  is  noC  ozidiaed  to  fochsiDe.  How- 
ever, not  only  a  mixture  of  aniline  with  o-  and  p-toloidine  yields  fncfasine,  but  in  tte 
oxidation  of  a  mixture  of  aniline  and  p-toluidine  a  dye,  with  the  properties  of  fochsDe, 
called  pararosaniline,  is  produced.  This  is  also  present  in  small  amowit  in  the  fodiBBe 
made  from  aniline  and  o-  and  p-toluidines ;  whereas  the  principnl  constitneot  of  oidiDvy 
fuchsine  coiisibts  of  the  next  higher  homologue  of  pararasaniline.  namely,  naaiiiliDe  (B. 
13.  2204). 

By-products  in  the  Formati<m  of  Fuckiine, — ^The  fuchsine  melt  contains,  in  additioa 
to  34  ))er  cent,  of  fuchsine,  other  violet  and  brown  dyes :  mauvamtiime^  vwlamiHne^u^ 
stances  belonging  probably  to  the  indulines,  and  other  less  thocooghly  investigated  sob- 
stances,  as  well  as  slight  amounts  of  a  yellow  acridine  dye,  known  as  /kkpAiM  or 
chrystiniiin  (see  this). 

History  of  the  Recognition  of  the  Constitution  of  RosaniUne  and  PararosamHmi.'- 
A.  \V.  Hofmann  was  the  first  person  to  engage  m  a  scientific  study  of  fnchsine.  He 
l>egan  his  investigations  in  the  sixties,  and  was  led,  as  a  ccmsequence,  to  present  a  (iDr- 
iiiula  for  fuchsine  and  its  fundamenul  dye-base.  He  became  acquainted  with  onmcnRB 
derivatives  of  fuchsine,  especially  the  methyl  and  ethyl  violet  fuchslnes.  He  assoaied 
that  the  nitrogen  atoms  held  together  the  nulicals  in  the  fuchsine  molecule.  However, 
Kekul6  (1867)  argued  for  the  possibility  that  the  methyl  groups  of  the  tolaidioc 
molecules,  necessary  for  the  production  of  fuchsine,  afforded  the  connection.  K.  Zulkov- 
sky  ( 1869)  assumed  the  presence  of  three  amido-groups  in  fuchsine,  and  considered  it  a 
derivative  of  a  hydrocarbon  with  the  formula  C,gH,^.  Gradually,  however,  the  convic- 
tion grew  that  fuchsine  sprang  from  a  higher  aromatic  hydrocarbon.  This  idea  bad  its 
basis  or  origin  in  llie  experiments  of  Wanklyn,  Caro,  Graebe,  Dale,  Schorlemmer,  and 
others,  whicli,  in  the  main,  established  the  relationship  of  fuchsine  to  rosolic  acid,  llie 
*'  keystone  to  that  extende<l  series  of  experimental  and  speculative  investigations'*  was 
the  conversion  (1878)  of  pararosaniline,  prepared  by  the  oxidation  of  aniline  and 
p  toluidine,  into  tripheuylmethane.  This  was  the  work  of  Emil  and  Otto  Fischer.  The 
iiyilrocarbon  prepared  hy  them  from  rosaniliue,  the  chief  constituent  of  fuchsine,  proved 
to  be  diplu-nyl-m-tolylniethane. 

Triphenyhnethane  (4)  is  formed  in  the  decomposition  of  the  tridiazosulphate  of  para- 
leuraniline  with  alcohol.  In  thediagramthe  formula  of  the  tridiozochloride  (3)  of  pora- 
Itucaniline  (2)  is  used  for  the  sake  of  simplicity.  Concentrated  nitric  acid  conveys 
triphenyhnethane  into  p,-trinitrotripheny1methane  (5),  which,  upon  reduction,  yields 
P;,-triainid<>triplienylniethane,  or  paraleucaniline  (2).  The  latter,  by  oxidation,  is  con- 
verted into  pjj-trinilrolriphenyl  carbinol  (6).  On  oxidizing  paraleucaniline  with  arsenic 
acid,  or  by  reducing;  pj-trinitrotriphenyl  carbinol  with  acetic  acid  and  zinc-dust,  para- 
rosaniline ( I)  results.  The  following  diagram  illustrates  this  series  of  reactions,  which 
were  carried  out,  beginning  with  rosaniline  itself  (A.  194,  242) : 
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When  working  with  small  quantities  the  most  convenient  way  of  oxidizing  aniline  and 
p-toloidine  to  pararosaniline  consists  in  using  mercuric  chloride  (B.  24,  3552).  An  in- 
teresting formation  of  pararosaniline  is  that  of  heating  aniline  with  carbon  tetrachloride 
to  230®,  when  the  latter  furnishes  the  linking  carbon  atom.  The  hydroiodide  of  para- 
rosaniline results  by  using  iodoform,  CHI,. 

Pararosaniline  is  further  formed  by  the  reduction  of  p,-trinitrotriphenyl  carbinol  (see 
above) ;  by  heating  pw-nitrodiamido-triphenyl  methane  with  ferrous  chloride  (B.  15, 678)  ; 
Iriamldotriphenyl  carbinol  b  also  formed  by  moderated  reduction  of  p-nitrodiamido- 
triphenylmethane,  inasmuch  as  the  diamido-diphenylmethane-phenylhydroxylamine, 
(CiH4NH,),CH .  CH^ .  NHOH,  formed  at  first,  rearranges  itself  (B.  ag,  R.  32) ;  further, 
by  heating  p-diamido-diphenylmethane  with  aniline  and  some  oxidizing  agent  (B.  25, 
302)  ;  by  heating  p-nitro-benzal  chloride  with  aniline  (B.  x8, 997),  and  by  heating  aurine 
to  120®  with  aqueous  ammonia  (B.  xo,  1016,  1 123). 

Nitrous  acid  converts  it  into  aurine.  Triphenyl  carbinol  results  when  pararosaniline 
diamchloride  is  decomposed  with  finely  divided  copper  (B.  a6,  2225).  At  180-200° 
pararosaniline  is  converted  by  concentrated  hydriodic  acid  into  aniline  and  p-toluidine. 
Evidence  favoring  the  p-position  of  the  two  amido -groups  is  found  in  the  conversion  of 
p-rosaniline  by  boiling  hydrochloric  acid  into  p,-diamido-benzophenone,  which  is  also 
obtained  from  p  diamido-triphenylmethane,  the  condensation  product  of  benzaldehyde 
with  aniline.  Paraleucaniline,  the  reduction  product  from  pararosaniline,  is  also  formed 
by  the  reduction  of  p|-nitrodiamido-triphenyl  methane.  The  p-position  of  the  three 
gnmps  in  the  latter  compound  follows  from  the  fact  that  it  is  produced  by  the  same  con- 
densation reaction  from  p-nitrobenzaldehyde  and  aniline  by  which  p-diamido-triphenyl- 
methane  is  made  from  benzaldehyde  and  aniline. 

In  addition  to  the  two  constitution  formulas  (I  and  II)  already  given  for  the  hydro- 
chloride of  pararosaniline,  a  third  (III)  may  be  offered ;  this  would  represent  it  as  p^-tri- 
amido  triphenyl  carbinol  chloride : 

I.  5J}{« ;  c*H*>^  <; V^^NH .  HCl         ^g  ^^  ^  Fischer). 

II.  ^^ '  c*H*>C  =  C«H,  =  mi .  HCl  (Nietzki). 
III.   (NH,.C,HJ,C.C1      (Rosenstiehl.  V.  V.  Richter). 

Also  compare  B.  29,  2677,  R.  346,  in  regard  to  the  constitution  of  the  rosaniline 
bases. 

The  rosaniline  salts  give  a  deeper  blue  shade  than  the  salts  of  para-rosaniline  (B. 
15*  680). 

Homologous  Rosanilines  have  been  prepared  by  the  oxidation  of  a  mixture  of  aniline 
and  unsym.  metaxylidine  (B.  15,  1453),  by  condensation  of  p-nitrobenzaldehyde  with 
o-toluidine,  reduction  and  oxidation  of  the  resulting  condensation  product  (B.  15,  679), 
and  by  the  condensation  of  p-nitrodimethylamidobenzhydrol  with  m-toluidine,  etc. 
(B.  24.  553). 

Rosaniline  Sulphonic  Acid,  Acid  Fuchsine^  Fuchsine  5,  is  produced  in  the  action 
of  sulphuric  acid  at  120°  upon  rosaniline. 

Alkylic  Rosanilines. — The  introduction  of  methyl  residues  into  the 
amido-groups  of  rosaniline  produces  violet  dyes — methyl  violet.  The 
violet  color  assumes  a  deeper  blue  tint  with  the  increase  of  methyl  groups. 
These  dyes  are  made  by  methylating  pararosaniline  and  by  oxidizing 
dimethyl  aniline.  The  methyl  violets  are  reduced  to  leuco-compounds 
irhen  they  are  heated  with  ammonium  sulphide  to  120°.  Boiling  hydro- 
chloric acid  resolves  them  into  dimethyl  aniline  and  methylated  p- 
diaroido-benzophenones  (B.  19,  108). 

Hezamethyl  Pararosaniline,  Ctystal  Violet,  [(CH,),N  .  QH.], .  - 
C  =  CfH4  =  N(CH,),C1,  is  distinguished  from  the  lower  methyl  d^\\N^\\N«3i 
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by  great  power  of  crystallization.  It  forms  one  of  the  principal  constitu- 
ents of  methyl  violet,  and  is  produced  (i)  by  the  condensation  of  p,-tctra- 
methyldiamido-benzophenone  and  dimethyl  aniline  with  dehydrating 
agents : 

^^<&.h!KJn(CH;)!  +  C,H,N(CH,),Ha  =C„H,^,(CH,),a  +  H.a 

(2)  By  healing  diroethylaniline  with  COCl,  and  AlCl,  or  ZoCl,  (B.  z8,  767 ;  R.  7). 
Fonnic  acid,  formic  ester,  chlorcarbonic  ester,  perchlormethyl  mercapUn,  CSO,,  etc, 
act  the  same  as  phosgene  (B.  19,  109);  (3)  by  oxidation  of  p,-tetraniethyldiamido- 
diphenyl  methane  with  dimethyl  aniline ;  (4)  by  heating  its  methyl  chloride  or  iodide  10 
110-120^  ;  (5)  by  oxidizing  its  leuco-base. 

p,  Hexamethyl  Triamidotriphenyl  Carbinol,  Crystal  Violet  Base^  C{pi\)\QjL[^' 
[4]N(CH,),]„  melts  at  I95*>. 

p,  Hexamethyl  Triamidotriphenyl  Methane,  Leueocrystal  llolet,  CH[C,H^[4]- 
N(CI  I,)s]|,  melting  at  173°,  results  by  the  reduction  of  crystal vioUt^  by  the  condensatioo 
uf  ortho>?ormic  ester  and  dimethyl  aniline  with  ZnQ,,  and  by  the  condensatioo  of  p^- 
tctramethyldiamido-benzhydrol  with  dimethyl  aniline. 

Methyl  Violet  is  a  mixture  of  hexamethylpararosaniline  with  lower 
melhylaled  derivatives  (B.  19,  107).  It  is  produced  in  oxidizing 
dimethyl  aniline,  alone  or  when  mixed  with  monomethyl  aniline,  with 
iodine  or  chloranil,  copper  sulphate  or  chloride.  When  copper  chloride 
is  used  it  is  advisable  to  add  acetic  acid  or  phenol. 

Pentamethyl  Violet,  CijII„N3(CH8),HCl,  is  formed  by  oxidizing  p,-penta- 
meihyltriamidotriphenylmethane,  [(ClI,),NCjIIj5CH  .  C,H^[4]NH  .  CH,.  meli- 
iiijj  at  116°.  The  latter  can  be  isolated  from  the  reduction -product  of  commerciil 
methyl  violet,  a  mixture  of  penta-  and  hexamethyl  violet,  by  means  of  the  acetyl  derira- 
tive.  This,  when  oxidized  with  acetyl  pentamethyl  rosaniline,  yields  a  ^een  dyesiutf 
(IJ.  16,  2Q06). 

Tetramethyl  Violet  is  formed  by  oxidizing  p,-amidotetramethyldiamidotn- 
phenylmethane,  melting  at  152°.  The  latter  is  a  tetramethylparaleucaniline, 
NH,[4]CgM4CIirCgHJ[4]N(CHj),],,  produced  in  the  reduction  of  p-nitromalacfaite- 
green.  Its  acetyl  derivative,  like  that  of  pentamethyl-leucaniline,  yields  a  green  dye  upco 
oxidation. 

Methyl  Green,  Methyl  Chloride  of  Hexamethyl-pararosaniline  Chloride^ 

Cl{CH3)3N[4]C5lI^C<^,«j_j*l^J;^,|^jj*J«^j,is  produced  when  methyl  chloride  acts  upon 

an  alcoholic  solution  of  methyl  violet  heated  to  40^,  sodium  hydrate  being  gradoillj 
added. 

Alkylic  Rosanilines. 

When  rosaniline  is  heated  with  methyl  iodide,  methyl  chloride,  ethyl 
iodide,  or  chloride,  and  methyl  or  ethyl  alcohol,  three  amide  hydrogen 
atoms  are  replaced  by  methyl  or  elhyl  radicals.  The  methyl  base  yields 
rcddish-violet-colored  salts  {Hofmann^ s  Violet,  Dahlia)  \  these  dissolve 
with  difficulty  in  water,  but  dissolve  easily  in  alcohol. 

The  violet  dyes,  by  the  addition  of  more  methyl  "or  ethyl  groups, 
yield  tetra-alkylic  rosaniline  iodides,  which  are  capable  of  adding  an- 
other molecule  of  methyl  or  ethyl  iodide  and  forming  iodine  greens— 
e,  ^.y  iodmethylate  of  tetramethyl  rosaniline  iodide ^  CjoH,g(CH,)4N,I .  • 
CH,I  -f-  H,0,  which  has  been  displaced  in  the  dye  industry  by  methyl 
green  (see  B.  28,  1008). 
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Aldehyde  Green  (Us^be,  J.  pr.  Ch.  ga,  337),  another  green  rosaniline  dye,  has  been 
prepared  by  heating  rosaniline  with  aldehyde  and  sulphuric  acid,  and  by  further  action 
of  sodium  hyposulphite.  The  most  recent  opinion  is  that  in  this  reaction  an  aniline 
group  has  been  changed  to  quinaldine,  while  the  other  two  groups  have  occasioned  the 
formation  of  aldol  aniline  residues,  which  latter  then  add  sulphur,  just  as  is  done  by  aldol 
aniline  itself  (p.  79)  (compare  B.  24,  1700;  ag,  60). 

PbenyUted  Pararosanilines. — ^Justas  methyl  violet  is  prepared  from  dimethyl  ani- 
line by  means  of  COCl,,  etc. ,  so 

Diphenylamine  Blue  can  be  obtained  by  heating  diphenylamine  with  carbon  hexa- 
chloride,  C,CIg,  or  oxalic  acid,  to  120®.  It  is  identical  with  triphenylpararosaniline^  C- 
(OH)(C^H4.  NH  .  C,H<),  (B.  23,  1964),  obtained  by  the  action  of  aniline  upon  para- 
rosaniline.  At  present  it  is  only  the  sodium  salts  of  its  mono-  and  disulpho-acids  which 
are  applied  as  Alkali  Blut  and  Water  Blue  in  dyeing. 

Perchlorformic  ester,  CC10,CG,,  in  a  similar  manner  converts  diphenyl  methylamine, 
(CyHj),N .  CH,,  into  trimethyl-triphenyl-pararosaniline, 

C(OH)(C,H4.  N<^      '  )i  (B-  '9»  278).     Phosgene  converts  triphenylamine  into  the 

hydrochloride  of  hexaphenyl-pararosaniline,  C(OH)[CeH^.  N(C0Hg)2]3  (B.  ig,  758). 
Tricarbazole  Carbinol,  C(0H)(C,|H^NH)5  (B.  ao,  1904),  is  produced  by  heating 
together  carl>azole  and  oxalic  acid.     It  is  analogous  to  the  triphenylamine  derivative. 

Phenylated  Rosanilines  are  obtained  by  heating  rosaniline  hydrochloride  with  ani- 
ine  or  toluidines,  or  the  free  base  with  aniline  and  some  benzoic  acid.  Ilie  triphenyl- 
rosaniline  hydix>chloride,  C„Hif(CyH5)3N, .  HCl,  appeared  in  commerce  as  aniline 
blue,  a  bluish-brown  crystalline  powder  with  copper  luster,  soluble  in  alcohol  but  not  in 
water.  To  dissolve  it  in  the  latter,  sulphosalts  are  prepared,  which  exhibit  different 
shades  of  blue  {soluble  blue)  corresponding  to  the  number  of  sulpho-groups  in  them. 
At  present  diphenylamine  blue  and  other  dyes  have  taken  its  place.  Diphenylamine  re- 
sults on  distilling  triphenyl-rosaniline. 

By  converting  rosaniline,  by  means  of  the  tridiazo-compound  into  the  trihydrazine 
derivative,  there  results  Roshydrazine,  C(OYi){C^\\^ .  NH  .  NH,),;  this,  by  condensa- 
tion with  aldehydes  and  ketones,  yields  red  and  blue  dyestuffs  (B.  20,  1557). 

3.  Phenol  Derivatives  of  the  Triphcnylmethancs. — The 
phenol  derivatives  of  the  triphenylmethanes  are  produced  (i)  from  the 
corresponding  amido-compounds  through  the  diazo-derivatives;  (2)  by 
condensations  similar  to  those  of  the  amido-compounds  if  phenols  be 
substituted  for  the  anilines;  (3)  by  the  reduction  of  the  phenol  carbi- 
nolsy  into  which  they  are  changed  by  oxidation. 

Monoxytriphenyl  Methanes. — In  this  class  may  be  included  o-Diphenyl  Cresol, 
o-Oxytripheny I  Methane,  (C;,H5),CH  .  C,H.[2]OH,  melting  at  Ii8^  It  is  obtained 
from  o-amidotriphenyl  methane  (A.  241,  367).  Oxydiamidotriphefiyl  Methanes  (B.  14, 
2522;  16, 1307)  are  produced  by  the  condensation  of  salicylaldehyde  and  anisaldehyde 
with  aniline  sulphate  or  dimethyl  aniline  and  zinc  chloride. 

The  di-  and  tri-oxytriphenyl  methanes  yield,  on  oxidation,  di- 
and  triphenol  carbinols,  which,  as  a  rule,  possess  the  character  of  dye- 
substances.  Carbinols  in  which  two  benzene  nuclei  are  hydroxylated, 
and  which  correspond  to  the  malachite-green  compounds,  are  termed  ben- 
zelnes;  whereas  the  derivatives  with  three  hydroxylated  benzene  nuclei  are 
called  aurines  or  rosolic  acids,  while  corresponding  trioxytriphenyl- 
methanes  are  designated  as  ieucaurines  or  leuco-rosolic  acids. 


[4J6l 


Diozy-triphenyl  Methane,   Leucobenteine,  leucobenzaurlu^,  CA\^.C\\V51it\^ 
H),,  is  obCained  (i)  from  p^-diamido-tripheny\  methaiie  (^v  ^S^  C^*  *^**'»  ^^"^ 
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(2)  by  redndng  benwarine  (A.  S17,  ajo),  m  wdl  m  (3)  fay  the 
denyde  And  phenol  with  solphnric  add  (B.  is»  I944)«    it  mdts  it  161*. 

Diosydimethyl  Triphenyl  if efhuie,  C;i^CH[CJl,(OH)CIU>  *>elli  tt  170^ 
(A.  a57,  70).    Phenylditbymol  if  ethane  mehi  at  lA^. 

See  B.  14,  R.  563,  for  the  coodensetion  of  m-nhrobenalddiyde  with  phenoli. 

p|-Triozy-tri^enyl  iAethmne,  Levcmirine,  [  7>MmfM  MMmme],  CHrCAU]- 
OH]^,  it  obtained  in  the  reduction  of  anrine,  its  cartincl  anhrdridep  favaeuft  01  inM>aHl 
and  todittm  hydrate  or  acetic  add.  It  cnrstalltaes  in  ookneM  nccdka,  whicA  beeoae 
colored  00  exposure  to  the  air  (A.  166, 280;  104, 136 ;  mm,  198).  The  tnatntate  flKfa 
ali38«  (B.  11,1117). 

Leuco-roaoUc  Acid,  (H0[4]C;H«>,.CH.C;HJ;4]0H[3]CH»  renlls  torn  fk 
reduction  of  roeolic  acid.    Its  triacetttU  melts  at  li^  (A.  179,  I98). 

4.  Phenol  Derivatiyea  of  Triphenyl  CwbtnoL — A.  Bensclnes  (see  abofe)  sie 
produced  by  the  condensation  of  benxotrichloride  with  mooo-  and  polyfajdric    ' 


in  which  the  parap-position  with  reference  to  a  hydiojLyl  groop  is  not  antisUtmed-  t.f^ 
O'  and  m-cresol,  resordnol,  and  pyrocatechin  (hot  not  p-cresolt  hydroqainc»e»  cto.) JBL 
23,  R.  340).  They  are  also  fonned  when  their  leuoo-compoonda,  the  oonespon^ 
oxytri|)henyl  methanes,  are  oxidised. 

The  benxetnes  are  generally  red-colored  compounds  with  metallic  hutcr.  They  dh- 
soWe  on  boiling  with  sodium  bisulphite ;  adds  repredpitate  thean.  AlUiei  diiBohe 
them  with  the  formation  of  red  or  Tiolet-oolofed  salts.  The  caihon  dioxide  of  Ae  «r 
decomposes  the  latter. 

p,-Diozy-triphenyl  Carbinol,  Pkmoi  Bem^lme^  Bemsamrme^  C^Hg .  C<^|^'q^ 

^C.H..OH 
or  C0H5 .  C^  ^is  produced  in  the  condensation  of  benxotrichloride  and  phanl 

^C*H^  =  O 

(similar  to  the  formation  of  malachite-green)  (A.  aiy,  223),  and  by  the  oxidation  of  p- 
dioxytriphenylmethane,  into  which  it  passes  upon  reduction.  It  is  a  Ijrick-red,  ciyitsl- 
line  powder.  It  breaks  down,  when  fused  with  alkalies,  into  benxene  and  dioxybeaso- 
phenone,  and  this  latter  decomposes  further  into  paraoxybenxoic  acid  and  phenol.  Its 
diacftate  melts  at  1 19®. 

p^-Dioxym^-dimethyl  Triphenylmethane,  o-Cresbl  Benxelne,  CLIL.QOH).- 
[C,n3[3]CH3[4]On]„  melU  at  220^2250  (A.  257.  69). 

C;HX[C.H,(0H)J, 

Resorcinol  Benzeine,  Cj^Hg^O,  =         O  ,   is  fmrmed  when  water 

C,H5t[C,H,(OH),], 
acts  upon  the  reaction  product  of  resordnol  and  benxotrichloride  (A.  axy,  234), and  whea 
ZnCI,  acts  upon  benzoic  acid  and  resorcin  (J.  pr.  Ch.  [2],  48,  387).     See  B.  t6, 2064, 
for  dinitro'^esorcinol  benzeine. 

Rosamines. — These  are  derivatives  of  diamido-benxelnes.  They  are  formed  when 
mono-alkylic  and  dialkyTic  o-amidophenols  act  upon  benxotrichloride.  While  the  ben- 
zeTnes,  from  phenols,  are  very  feeble  dyes,  whose  alkali  salts  are  even  decomposed 
by  carbon  dioxide,  the  hydrochlorides  of  the  rosamines  are  red  and  violet  dyes,  having 
great  similarity  to  the  rhodamines  (p.  366),  but  possessing  a  blue  tint  and  redder  fluor- 
escence (B.  22,  3001).  They  also  result  on  heating  resordnol  benzeine  with  dimetbjl 
and  diethyl  aniline. 


Rosamine  Chloride,  C^H^C^  \  \\{>0  ,  may  be  obuined  from  besm* 


N(CH,), 


N(CH,>,C1 

trichloride  and  dimethyl  aniline.  It  forms  reddish-ldack  needles  with  a  sted-blae 
reflex. 

B.  Aurines  and  Rosolic  Acids. — ^These  compounds  correspond  perfectly  to  the 
rosanilines.  'llie  free  p^-trioxy-triphenyl  carbinols  are  not  known.  When  fteed  froB 
their  salts  they  sustain  an  intramolecular  anhydride  formation. 

These  carbinol  anhydrides  are  yellow  in  color;  their  aUcali  salts  dissolve  in  wster. 
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with  a  red  color.  They  are  incompletely  fixed  by  the  fiber  of  the  material,  and  are  only 
applied  in  the  form  of  lakes  in  the  paper  industry. 

Aurine,  Para-rosolic  Acid,  Yell^  Corallin,  |{of4]c*lI'>^<"*"*'"->^'*sP'^ 
daced  (l)  on  boiling  the  diazohydrochloride  of  pararosanihne  with  water  (A.  194,  301)  ; 

(2)  by  the  condensation  of  p-dioxyl)enzophenone  chloride  with  phenol  (B.  11,  1350) ; 

(3)  ^y  ^^^  condensation  of  phenol  with  formic  acid  on  heating  with  zinc  chloride  (J.  pr. 
Ch.  [2],  23,  549) ;  and  (4)  by  heating  phenol  (i  part)  with  oxalic  (7^  part)  and  sul- 
phnric  \^%  part)  acids  to  130-150°  (A.  202,  185).  For  the  by  products  arising  when 
aurine  it  prepared  by  method  4,  and  for  its  separation  from  the  same,  see  A.  194,  123 ; 
196,  77;  B.  28.  R.  743 

Aurine  dissolves  in  glacial  acetic  acid  and  alcohol,  crystallizes  in  dark  red  needles  or 
prisms  with  metallic  luster,  and  decomposes  when  heated  above  220°.  It  dissolves  in 
alkalies  with  a  fuchsine-red  color.  With  the  primary  alkaline  sulphites  it  readily  yields 
colorless,  crystalline  derivatives,  decomposable  by  acids  and  alkalies.  Aurine  forms 
crystalline  compounds  with  hydrochloric  acid.  Water  decom{X)ses  them.  Digested  with 
zinc-dust  and  hydrochloric  acid  or  acetic  acid,  aurine  is  reduced  to  leucaurine  or  p^-trioxy- 
triphenylmethane.  Heated  to  250°  with  water,  it  breaks  up  into  p,-diox)benzophenone 
and  phenol. 

Aurine  is  changed  to  pararosaniline  when  it  is  heated  with  aqueous  ammonia  to  150^. 
An  intermediate  product  (having  i  or  2  amide  groups)  is  the  so-called  Peonine  (red 
corallin).  With  aniline  we  obtain  triphenyl-rosaniline,  and  the  intermediate  product  is 
Aiuline.     Consult  B.  29,  K.  510,  for  isomeric  acetyl-aurinti, 

Rosolic  Acid,  C^Hi^O,,  is  the  inner  anhydride  of  ^trioxydiphtnyl-iti-tolyUarbinol, 
Rosolic  acid,  like  aurine,  is  obtained  by  boiling  the  diazochloride  of  rosaniline  with 
water  (A.  179,  192)  and  by  oxidizing  a  mixture  of  phenol  and  cresol,  CgH^(CHs)(>H, 
with  arsenic  acid  and  sulphuric  acid,  whereby  the  linking  methane  carbon  is  furnished 
by  the  noethyl  group.  When  rosolic  acid  is  digested  with  alcohol  and  zinc-dust,  it  is 
reduced  to  leucorosolic  acid,  from  which  it  is  obtained  by  oxidation  (B.  26,  254). 

Triozy-aurine,  Ci^Hj^O^,  results  from  the  interaction  of  ZnCl,,  pyrocatechine,  and 
formic  acid  (B.  26,  255).  Resaurine,  Ci^Iii^Og,  is  similarly  prepared  with  resorcinol 
(J.  pr.  Ch.  [2].  23,  547).  Orcin-aurinc,  C„H,g05  (J.  pr.  Ch.  [2],  25,  277  ;  B.  13, 
546). 

Bupittonic  Acid,  Eupitton^  Hexanuthoxy-aurimy  C,gHj,(OC 1 1,^,03,  is  produced  by 
oxidizing  a  mixture  of  the  dimethyl  ester  of  pyrogallic  acid  and  methyl  pyrogallic 
acid.  It  is,  therefore,  an  aurine  in  which  six  nicthoxyl  groups  are  present.  It  forms 
orange-yellow  crystals,  mc'Iting  with  decomiM)sition  at  200°.  It  dissolves  with  a  deep 
blue  color  in  alkalies,  yielding  salts  which  are  precipitated  by  excess  of  alkali  (B.  X2, 
2216).  Reichenbach  (1835)  observed  the  formation  of  a  blue-colored  barium  salt  when 
fraciions  of  beech  wood -tar  were  allowed  to  stand  with  baryta- water,  and  named  it  pittical 
(from  -xirra^  tar,  and  lUiWkw;,  beautiful).  When  heated  with  ammonia,  eupittonic  acid, 
jost  like  aurine,  affords  an  hexamethoxyl-roianiline. 

5  and  6.  Alcohols  and  Aldehydes  of  Triphenylmethane. — Few  of  them  are 
known:  Phcnolphthalol,  (HOCgH4),CIlC,H^[2]Cn,()n,  melting  at  190°,  was  pre- 
pared by  the  action  of  sodium  amalgam  upon  phenolphthalein  (A.  202,  87). 

p-Diphenylnnethyl-benzaldehyde,  (Cjn5),CHr4]CgH4 .  CHO,  boiling  at  190-195° 
(46  mm.),  results  from  the  condensation  of  terephthataldehyde  and  benzene  with  con- 
centrated sulphuric  acid  (B.  19,  2029). 

7.  Cmrboxyl  Derivatives  of  Triphenylmethane.  —  Triphenylmethane  Car- 
boxylic  Acids  are  produced  (l)  by  reduction  of  triphenyl  carbinol  carboxylic  acids, 
aod  (2)  from  their  nitriles.  The  latter  are  prepared  by  the  action  of  aluminium  chloride 
Ipoo  the  cyanbenzal  chlorides  (p.  238)  and  benzene. 

Triphenylmethane-o-carboxylic  Acid,  Benzene  Phthalin  (see  phthalelns,  p.  363), 
{C^Hj),CH  .  ^H4[2]CO,H,  melting  at  162®,  is  isomeric  with  triphenyl  acetic  acid  (p. 
J69),  and  is  produced  by  the  reduction  of  diphenylphthalide  (2),  the  lactone  of  triphenyl- 
Carbinol-o-carboxylic  acid  (A.  202,  52),  and  from  its  nitrile.  Chromic  acid  oxidizes 
it  to  diphenylphthalide,  while  it  breaks  down  into  carbon  dioxide  and  triphenylmethane 
When  it  is  heat^l  with  barium  hydroxide.  Sulphuric  acid  rearranges  it  to  phenylan- 
OiraooUj): 

U-31 
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o-Cyantriphenylmetb«ne,  (C,Hs),CH .  C;H«[2]CN,  melts  at  89''  aod  boils  it  270- 
2S5**  <  70-85  mm.).     IVepftration,  see  above  (B.  24,  2572). 

I>,-TetramethylduimidotriphenylmethjLne-o-cmrboi^lic  Acid,  [(CH,),X[4]Q* 
1 1  J,.  CI  I .  CeII«[2]CO,H,  fromtetramethyldiamidodipheDylpbUialide  (p.  363)  (A.S06. 
ion,  melts  at  200®. 

Triphenylmethane-p-carbozylic  Acid  melts  at  161^,  and  its  nitriU  at  91''  (6. 
26,  3079).  Methyltriphenylmethane  Carbozylic  Acids — see  B.  16,  2364;  19, 
3o(>4  ;  A.  234,  242. 

Oxytriphenylmethane  Carboxylic  Acids  are  foimed  in  the  reduction  of  the  oxytri- 
])lienyIcarhinoi  carboxylic  acids.    p-Ozytriphenylmethane-o  carbozylic  Acid, 

"**L-'J*'«|J«>CH.C,H,[2]CO,n,  melting  at  2io»  (B.  13,  1616),  and  ^Dioiytri- 

phcnylmethaneo  Carboxylic  Acid,  Phthalin^  [nO[4]C,H  J,CH .  C;H^[2jC0,H, 
melting  nt  225°  (.\.  202,  36,  153),  were  obtained  from  the  corresponding  oxytnpheojl- 
carltinol-o-carboxylic  acids  (p.  363).  Concentrated  sulphuric  acid  converts  than  into  the 
corresponding  oxyphenylantbrands. 


Hydrofluoranic  Acid.  C,n,|^'^^"^cjH*[2] /^^ 


melting  at  226-228*^,  resolts 

from  the  reduction  of  fluorane  and  tribromfluorane  (p.  365).  AMien  the  acid  is  distilled 
«>ver  lime  xatithofu  (see  this)  and  benzene  result,  while  diphenylenepbenylmethaoe  (B. 
25»  .^S'^^O  '•"•  pro«luct'(l  in  its  distillation  over  baryta  or  soda-lime. 

Fluorescine,  p^-Dioxyhydrofluorane  Carboxylic  Acid,  is  the  reduction  product 
of  tluurcsceln  (p.  365). 

S.  Carboxyl  Derivatives  of  Triphenylcarbinol,  Phthalidcs. 

—-The  o-carb()X)i  derivatives  of  this  class  are  esix^cially  noteworthy. 
'I'licy  caniu»t  exist  free  ;  they  lose  water  and  form  lactones,  which  can  be 
r<.-^ai;(iod  asdiphonylated  phthalides  (pp.  234,  349). 

Diphenylphthalide,    Triphenylcarbinol-o-carboxylic  Acid  Lactone, 

^  *^**  i  raiccM  '  melting  at  115°,  is  formed  (i)  by  the  oxidation  of 

tnphenylniethane-o-carboxylic  acid,  (2)  in  slight  amount  by  the  action 
ot  mercury  dii)henyl  upon  phthalylchloride,  (3)  from  phthalylchloride 
and  l)cnzcnc  with  aluminium  chloride.  The  third  method  of  formation 
oT'hn  r  ^^"^  P»"^M>^'^ration  of  dii)henylphthalide,  formerly  considered  to  be 
the  1  .?J^  ^'^'r  "^'""-^  (l^-  35 0>  until  it  was  discovered  to  contain  a  lactone. 
'*'-  '>^^^'-^of  the  i)hthaleins. 


o-carboxylic  acid  to  triphcnylmclhane- 
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f[l]C  =  (C,Hj), 
The   anilide,    C-H.-j  \  ,    melting    at    189®,    and    the    hydrazuie^ 

ImCO.NH.CH. 

{[I]C  =  (CjHs), 
\  ,  melting  at  230^,  are  produced  on  boiling  diphenylpbthalide 

|;2]CON,HC,H, 
and  anilme  hydrochloride  (B.  27,  2793)  and  with  phenylhydrazine  (B.  26,  1273). 

The  nitration  of  diphenylphthalide  produces  two  dinitrodiphenylphthalides^  from 
wllich  two  diamidodiphtnylphthalides  have  been  obtained  (A.  ao2,  66). 

p^-Tetramethyldiamidodiphenylphthalide,  C^H^-{  \  , 

I  [2]COO 
melting  at  190^,  is  obtained  in  the  condensation  of  phthalic  anhydride  and  dimethyl- 
aniline  with  ZnCI,.     If  phthalic  anhydride  be  substituted  for  phthalyl  chloride  in  this 
reaction  there  is  an  isomeric  body,  phthalyl-green^  produced.     This  is  probably  an  anthra- 
cene derivative  (A.  206,  93). 

Triphenylcarbinol-m-carboxylic  Acid,  melting  at  161^,  and  Triphenylcarbinol- 
p-carboxylic  Acid,  melting  at  200°,  are  formed  when  diphenyl-m-tolylmethane  and 
diphenyl-o-tolyl methane  are  oxidized  with  chromic  add  in  glacial  acetic  acid  solution. 
The  latter  also  appears  in  the  oxidation  of  p-diphenylmetbyl-benzaldehyde  (p.  361), 
wxA  of  triphenylmethane-p-carboxylic  acid  (p.  362)  (H.  16,  2369;  26,  3081). 

Phenyl -p-tolylphthalide  is  made  from  acetyl-o-benzoylbenzoic  acid,  toluene,  ben- 
aoyl-o-benzoic  acid  chloride  and  toluene,  toluic-o- benzoic  acid  chloride  and  benzene  with 
alaminium  chloride  (B.  14,  1867  ;  ag,  R.  995).  Isomeric  methylated  diphenylphthalides 
are  produced  in  the  oxidation  of  diphenyl-m-  and  p-xylylmcthanes  (p.  351).  Ditolyl- 
phthalide  melts  at  116".     See  B.  28,  513,  for  diphenylyl-o-phthalide, 


r[i]C0.0 

l[2]C  =  (q 


c;h, , 

Carboxyl  Derivatives  of  the  Oxytriphenyl  Carbinols. 

The  Phthaleins,  the  derivatives  of  phthalide  containing  two  phenol 
residues,  are  particularly  important,  and  are  dyes  which  are  of  great 
technical  value.  A.  v.  Baeyer  discovered  them  in  187 1.  Tiie  transition 
from  them  to  diphenylphthalide  is  found  in — 

yC,II,OH 

Benzene  Phcnolphthalidc,  QH^j  W^.^*  *     ,  melting  at  155^ 

It  is  prepared  from  o-benzoylbenzoic  acid,  phenol,  and  stannic  chloride 
(B.  13,  1608).  Benzene  Resorcinolphthalide  m^\\.^  at  175°,  and  Benzene 
Pyrogaiiolphthalitie  mt\is  2iX.  189°  (B.  14,  1859). 

The  Phthale'ins  result  from  the  condensation  of  phthalic  anhydride 
(i  mol.)  with  phenols  (2  nioIs.)on  heating  with  sulphuric  acid,  or,  better, 
with  ZnCI,  to  120**  (or  with  oxalic  acid  at  115**). 

The  phthaleins  derived  frorti  di-  and  polyhydric  phenols  are  all  anhy- 
drides, formed  by  the  elimination  of  water  from  two  phenol  hydroxyls  (A. 
212,  347),  in  union  with  different  benzene  nuclei.  In  the  condensation 
of  phthalic  anhydride  and  phenol  p,-dioxydiphenylphthalide,  or  phenol- 
phthalein,  is  not  the  only  product ;  fluorane,  the  anhydride  of  o,-dioxydi- 
phenylphthalide  is  also  formed.  It  is  the  simplest  representative  of  the 
phthalein  anhydrides,  which  contain  a  ring  similar  to  the  xanthone  ring. 

The  free  phthaleins  are  generally  colorless,  crystalline  bodies.  They 
dissolve  in  the  alkalies  with  intense  colorations,  and  are  again  separated 
from  their  solutions  by  acids  (even  CO,)-     The  additiou  oC  cot^t^Ti- 
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trated  caustic  alkali  causes  the  colors  to  disappear.     On  diluting  with 
water,  the  colors  rea|)]M.*ar. 

To  show  the  similarity  of  the  phthaleins  to  the  aurines  or  rosanilines 
in  the  formula,  it  is  assumed  that  the  free,  colorless  phthaleins  contain 
the  lactone  ring ;  in  their  colored  alkali  salt  solutions  this  ring  is  absent, 
and  the  methane  carbon  atom  and  an  oxygen  atom  form  a  quinone-likc 
union  with  a  l>enzene  nucleus.  This  idea  is  apparently  supported  by  the 
prei^aration  of  phthalelnoxime : 

Free  riiciiulphthalein  Phenolphthalein  in  Colored  Alkmli  Salts. 

It  should  also  l>e  added  that  lactone  esters  and  ethers  have  also  been  obtained  by 
acidylaiion  and  alkylizatiun  of  pheoolphthalcln  in  alkaline  solution  (B.  28,  3258;  19, 
131 ;  cumjMire  l\.  ag,  K.  552). 

The  ])henolphthaleins,  by  reduction,  yield  oxytriphenylmethane  car- 
l)» )xy  1  i c  acids — the  phthalins  (p.  36 1 ).  The  latter  are  changed  by  coDCcn- 
iralcd  sulphuric  acid  into  oxyphenylanthranol  derivatives,  called  phihaH- 
tiines.  The  oxidation  of  the  latter  produces  the  phthalidetnes^  or  oxj- 
phcnyloxanthranol  derivatives.  The  following  diagram  represents  these 
changes,  with  phenoli)hthaleIn  as  the  example: 

I'lc   ^'«"*'^"  f lilc<  '>!|*olI  ^"i^"  ^^"*^" 

^■•-..■-.".{l;l;{:!}=.-«"^<r'^«^ 


OH 

riitlialcin                          riithalin,                          Phlhalidin,  Phthalidein. 

I>-.-I>i<>xy<liphctiyl-          ns-Dioxytriphenyl-               Dioxvpheiiyl-  Diozyphenvl- 

pluhalide           uictnaiie-o-carboxylic  Acid        anthranol  oxantnnuiol. 

Phenolphihalein ,  p,-  P?ithalein,  Dioxyiiiphenylphtkalide^  C^H  ,^0^,  is  a  yellow  pow- 
a  '  *7-**^*'J '•'•'"[>'  frum  alcohol  in  colorless  crusts,  and  melting  at  250®.  It  dissolves  ia  the 
alkalici  with  a  red  color  It  is  used  as  an  indicator  in  alkalimetry,  es))ecialiy  in  dew 
inmmj^  carlH.n  dioxide  with  baryta  (B.  17.  1907).  It  is  formed  from  phthalophenone  when 
»>i  rous  acid  acts  on  the  p-diamidu  comjxiund;  by  oxidizing  an  alkaline  solution  of  the  cor- 
t^^poiKiinjr  phthalin  with  air,  or  with  potassium  ferricyanide  or  potassium  penniDganate, 
wiih'^i  r'  obtained  on  healing  phthalic  anhydride  with  phenol  and  tin  chloride,  or 
'nsolul  ll  -""^  ''*^''^  ^*^  115-120°  for  eight  hours.  o,-DioxydiphenylphihaUde  anhydride, 
phthale!*^  't"  <-ii"stic  potash,  is  a  by-product.  Boiling  caustic  potash  and  rinc-dost  reduce 
zt>ic  ariH"i      !>hthalin  (p.  361),  and  it  is  decomposed  into  P|-dioxybenzopbenone  andbeo 

M^°  n?K  ^*^"vatives  of  Phenolphthalein:  Diacetophcnolphthalein  melts  H 
Phthalein  i^^^P^^^^^P*^^*^*^^"^"  "^^^^^  *^  '^9**  (^-  *9»  '30-  Dimethyl  Phenol- 
^'^'»  Philini!"''  "1^  ""^  9^i°  (H.  29,  138,  R.  848).  has  also  been  obuined  synthetically 
^^-^^c   anhydride,  anisol,  and   A1,C1,   (B.    29,   R.   550).      Phenolphthaldn 


melts  at  279**  (B.    a6,  3077).     Tetrabrom- 

7*»e  colored^^H'  V'^^M^®^^*^*^^*'  '"^^^  ^'^^  decomposition  at  220-230®. 
^"^  ^^»s  class  is  a^sl>ll      '*''*  quinoU  derivatives  of  phenolphthaUtn. 

Phe_ 

,  a  yellow  crystalline  pow- 


OH 
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der,  melting  with  decomposition  at  221^,  and  produced  by  the  action  of  hydroxylamine 
upon  an  alkaline  phenolphthalein  solution.  Boiling,  dilute  sulphuric  acid  decomposes 
the  oxime  into  p-oxy-o-benzoylbenzoic  acid  and  p-amidophenol  (B.  26,  172).  Tetra- 
bromphthalein  Osime  (B.  a6,  2260).  See  B.  30,  176,  upon  the  quinoTd  tetrabrom- 
pbenolphthaleinmono-  and  -diethyl  ethers. 


173-175^,  is  produced,  together  with  p,-phenolphthaleTn,  by  the  condensation  of  phthalic 
anhydride  and  phenol.  Fluorane  yields  hydrofluoranic  acid  by  reduction  (p.  362) ,  and 
diphenylenephenylmethane  when  it  is  distilled  over  zinc-dust  (B.  25,  3586).     The  am/, 

f[i]C=(C,H,),0 
C-H.^  \  ,  melts  at  242*  (B.  27,  2793).     Tribrom fluorane,  CL,H|o- 

(mCON.CeHj 
Br.O,,  melting  at  298-300*^,  is  produced  by  the  action  of  PBr^  upon  fluorescein,  and  is 
reduced  by  alcoholic  caustic  soda  and  zinc-dust  to  hydrofluoranic  acid  (B.  25,  1388). 

The  fluoresceins  are  the  o-phthalic  anhydrides  produced  by  the  con- 
densation of  phthalic  anhydrides  with  resorcinol.  They  are  char- 
acterized by  a  beautiful  fluorescence;  this  is  especially  true  of  their 
alkaline  solutions  (Baeyer,  A.  183,  i). 

Phthalic  anhydride  may  also  be  replaced  by  the  anhydrides  of  aliphatic 
dicarboxylic  acids.  When  succinic,  maleic,  and  citraconic  anhydrides 
are  condensed  with  resorcinol,  the  corresponding  fluoresceins  are  pro- 
duced. See  also  naphthalic  acid  (B.  15,  883 ;  18,  2864 ;  24,  R.  763 ;  26, 
R.  542;  29,  2824). 

Resorcinol-phthalem,  Fluorescein,  CnHuOs,  is  prepared  by  heat- 
ing phthalic  anhydride  (2  parts)  with  resorcinol  (7  parts)  to  200**,  or  with 
anhydrous  oxalic  acid  (B.  17,  1079)  ^o  110-117°.  When  precipitated 
from  its  salts  it  is  a  yellowish-red  powder,  C»HuO«,  which  quickly  loses 
water  and  becomes  C»H„05,  which  dissolves  in  alcohol  with  a  yellow- 
red  color  and  green  fluorescence.  Its  concentrated  alkali  solution  is 
dark  red,  but  on  dilution  it  gradually  becomes  yellow,  and  then  exhibits 
a  magnificent  yellowish-green  fluorescence.  Upon  reduction  fluorescein 
yields  fluorescine  (p.  362),  and  PCI5  converts  it  into  fluorescein  chloride, 
Pi-dichlorfluorane  (see  rhodamines,  p.  366  (A.  183,  18). 

f[i]C  =  (C,H,OII),0 
Baerer  asaribes  the  fonnula  C.H.  ^  \  to  fluorescein.     As  there 

i[2]COO 
was  a  disposition  to  assume  that  the  phthalic  acid  residue  replaced  both  m-hydrogen 
atoms  (5)  in  the  resorcinol  molecules,  R.  Meyer  showed  that  fluorescein  is  a  dioxy- 
derivative  of  o-phenolphthaleln  anhydride,  for  which  reason  he  gave  it  the  name  fluorane 
(above) ;  that,  therefore,  the  phthalic  acid  residue  occupied  the  o-position  with  refer- 
ence at  least  to  each  of  the  hydroxyl  groups  of  the  resorcinol  molecule,  and  between 
these  hydroxyl  groups  the  anhydride  formation  occurred.  R.  Meyer  converted  fluo- 
rescein (l)  by  means  of  PBr^  into  tribromfluorane  (2),  which,  like  fluorane  (4)  itself, yields 
hydroflaoranic  acid  (3)  apon  reduction.  Fluorescein  and  fluorane  contain  a  ring  closely 
related  Co  the  xanChone  nng ;  indeed,  hydrofluoranic  acid  (p.  362)  may  be  decomix>sed 
into  xanthoDe  and  benzene : 

1  [2JCOO  UalcOOH  \\?te^ 


ORGANIC  CHEMISTRY. 

y.«    >•*•««  r^'cv  ''f  roore«ceTn  1^  Remthsm  and  others  to  ascribe  a  quindd  coosti- 
'  ■    "^  -.  ^.:e>celn  and  it>  colored  derivatives  (see  phenol] ihthaleln).    I'he  colorless 
•  r  •  1-  ie*  «?'^  --t  ;<*«^  ^-^  ^*^^  ^^^^''  origin  in  the  lactone  formula  of  fluorescein.   This 
it*-    e^  -..x-es:c:r.  and  its  colored  derivatives  with  the  aurincs  and  rosanilines. 

,v  -.'.  -'..-cKt'.r.  IS  :-.iied  wiih  caustic  soda  it  breaks  down  into  resorcinol  andmoao- 

.  .  .  : -r.jt'r.   or  diox>lK.n/i>yI benzoic   acid.       Bromine   in  glacial  acetic  icd 

■  ^-  ^^  '-.^  .x'.z'x  !v  d:brv>mi«dio\ybenzoylbenzoic   acid,  which  fuming  sulphuric  aad 

.   ;_.  i  ^-s  •■    ;    ror/.xanlho;  urpurine :  it  is  also  obtained  from  eosin.     Hence  it  follow* 

•  i!  ~/r..  :-T*:c.  :.   .  j.'h::  Jilcin  is  2.4dioxyolien/oylbenzoic  acid,  because  if  it  were  2,6 

w    ■  .T-: :z\' :',<-:.:  -.c  2cid  it  would  be  imftossible  for  an  anthraquinone  condensauon 
■::     ilr    rr.  li    a8.  5X4  .   R  2g,  2623). 

•  /  -■  t:  :.'::  .     •   /;« -rr J.. iw.— Fluorescein  Anilide,  C^IIj-XO^.    The  j'r 

••  :^  cv"..r>i*.  mt'j:*  at  207".  and  when  boiled  with  sulphuric  acid  changes  lo 

■  --«  f.uoresccin  dimethyl  ether.  roeUing  at  198°  (II  a8,  390). 

.  •   .':  :  f^-  :.■;-..    '  -^.v  •'  .\rfir.— Fluorescein  Carboxyl  Ethyl  Ether,  melring  ii 

.-i-   .  -  . :  -^"-.tf  :    >  I'r.e  .>\i-i.i!ion  of  fluorescein  ethyl  ether,  melcing  at  ipb''  1  j>.  36-). 

-     .   r."  *::r^  fi  cn5:ai*  wiih  a  green  luster.     An  alcoholate  and  ethyl  bromide  cooTcrt 

.  'e-.e!n  jjlt :»•*>!  c'.hy".  etht-r  into  the  colorfd  diethyl  ether,  melting  at  159''.    This 

•V  -    :.-:'x  v.^'.'..>w  ne«d!e>.     The   dimethyl   ether,  melting  at  208^^,  is  made  fiutn 

'.',<Z'.'.-\  \\  the  activ-n  cf  methyl  alcoholic  potash  and  methyl  iodide  (B.  28.  396: 

1..  29.  K.  S4^  . 

.^:.  :  u:..:  /'.'u  'f.'.rfnj. — Although  fluorescein  itself  is  not  applicable  as  a  dye,  bf 
:•  ••  ".Uk-:-j:  h.i!v«i;e::>  and  nitRj-groups  into  it  dyestuffs  of  remarkable  beauty  can  be  ob- 
•..:■.!.     If  we  >i.\ri  with  tluorescein,  then  the  sul)stitution  will  occur  in  the  resorcinol 

it  lir.in-.ine  W  a'.!  .wtil  to  act  on  tluorescein  suspended  in  glacial  acetic  acid.  Eosin, 
Tetrabromfluoresceln.  (\,M,l{rj():.,  is  protluced.     Crystalli/f«i  from    alcoho:  it  f-nns 

.  .'N-:.!!-  r':.e  *  .'?  ://"•■  .iml  j.  ./Vi/w/  j.;/// constitute  the  e<\sin  of  commerce,  sc.luMf 
.-.  Aivj.  .-i:  !  iin;  .irlir.i:  l.»  wik^>]  and  silk  a  l>eautiful  rose-color.  In  the  case  of  rbf 
N  .1  -.iw  «'.'.t  liirr-  i-  .\  yi!".i.vvi«.h-rf<l  tluorescence  (Care,  iJn73). 

Krythrosinc.   /  /'  ::..:r'ucrt'.^,.Ut,  <-'«,' ^h^4^V 

Safrosine,  /  .>:  S  r.' /,  l>il>rnmdinitrofluore>ce!n,  C^H^Br5(N(.\)jOy  is  formfd 
\\]n:\  1  ti  M.iMi-  ..ii-*  v:;'«>n  dinitrotlnorescein,  or  wlien  nitric  acid  :nt>  upon  di  or  letra- 
!  iv'niJ'n.Tcsit  Ml  i.\.  202,  fiN).     See  1».  30,  333,  for  the  dinitrotluorcscetn  yellow  from 

•  iiiiidi'lluort-vMlii  ami  ammonia. 

r.i  .il>t:iin  tin-  tlinTe^oirlns  substituted  in  the  phthalic  acid  re.Mduc.  condense  the  chio 
riti:«tf  d  |liil.;ilir  anhydriilis  with  resorcinol  (Noelting).  The  brom-  and  iotlriuorosceins. 
wifli  tin-  -ulsiinniii'.  in  the  rci>o!cinol  residues,  are  at  the  sarat:  time  prepared  from  fbf 
( lijtirin.itfd  ImmIIi'^  : 

Phlorine.  7Wm/>r,^ffi.!i,  l/;>r-  and  Tt'trahrctntetrachlorfluoresieln^  Cj^If^CIJlr/'M 
Rose  Bengal,  7.h\iir,ifcf>\iJi:W/lu.'rrsirift. 

rhlhalic  anhydride  has  also  been  condensed  with  pyrocatechol  {FJ.  22,  2107I.  hyJr:- 
quiUi'ues^  on  ins.  and ////i '/.;;,■ ///.jw. 

Pyrogallol-phthalein,  Gallein,  C^oHio^v.  is  obtained  on  heating  pyrogallic  aci.l  «iih 
liluhalic  anhydiide  to  2o<>°.  It  ft trnis  crystals  with  green  color,  dissolving  with  a  dark 
nd  <:«)l(>r  in  alcohol  and  with  a  beautiful  blue  color  in  the  alkalies. 

It  isronv«Tfc«l  by  concentrated  sulphuric  acid  into  CoeruUffi  (see  A.  209.  240V 

The  rhodamines,  the  i>htlia]eins  of  m  amidophonol  and  its  derivatives,  are  of  ."i-eria! 
impoitance.  Tiny  are  violet  ri'd,  ma^niticently  fluorescent  dyestutVs.  In  conMitulion 
they  are  peifertly  analog(»us  to  the  lluoresceTns. 

The  \itnf'sr<f  rlnxlamine  i^  fi>rmed  when  nianiidophenol  hydr«>cliloride  and  phthalu* 
anhydride  are  heate«l  l<»  loo'^  with  concentrated  sulphuric  acid  (H.  ai,  R.  6S2\. 

J'ftt' iti'kv*'i<  th  ',f.i»iin-i  possess  more  inton«ie  colors.  They  are  pro<!uced  when  rho«b 
mine  hydrochloiide  is  healed  with  alkyl  ii^nlides.  A  Ijctler  course  to  }Hir.sue  is  the  c-.n- 
densalion  of  alkxlii  m  amidophenoN  and  ]dienylm  amidophenol  with  phthalir  anlv 
dride  y\\,  21,  K.  oS^.  «)J»^ ;  22.  K.  7SSK  Still  another  pnx-edure  consists  in  rearranijini: 
j'Uoreseoin  chloiide.meltinj;  at  -»>?^'  uhe  prvnluct  of  the  action  of  IVl^uiMn  fluorescein). 
'*>■  he.uinp  it  with  <lialkv1amine>  ^1>.  22.  K.  ('05,  7Sqi. 

■"'"'•. •.■/»<•<.  alkyl  ethers  of  the  rluHiauiine*  ^?'-see  I>    25.  K.  St-O. 


DIPHENYL  ETHANE  GROUP.  367 

Saccino-rhodamine  has  been  obtained  from  succinic  anhydride  and  m-amidophenol 
(B.  23.  R.  532). 

All  that  has  been  said  relative  to  the  constitution  of  the  fluoresceins  applies  to  the 
lliodamines.     The  nomenclature  of  the  fluoresceins  can  be  greatly  simplified  if  the 

bodies  haTing  the  atomic  group  —  C^         >0  are  designated  fluorones,  and  those 

with  the  atomic  group  —  c/^    *>0,  fluorimes  (B.  27,  2987). 

Consiilt  B.  28»  2959,  for  the  orcin  phthalelns  and  hydroquinone  phthalelns.  Hydro- 
qolnooe  phthalein  does  not  behave  like  fluorescein,  hence  probably  does  not  contain  the 
Boorane  residue  which  is  present  in  the  latter  compound.  The  condensation  of  phthalic 
anhydride  with  orcinol  and  sulphuric  acid  or  P^Oj  gives  rise  to  three  orcinol  phthalelns. 
It  is  only  that  orcinol  phthalein,  however,  which  contains  the  two  hydroxyl  groups  in  the 
|>*positioo  with  reference  to  the  phthalic  acid  residue  which  is  the  perfect  analogue  of 
fluorescein  (B.  29,  2630). 


IV.  DIPHENYL  ETHANE  GROUP. 

Homologous  series  are  derived  from  diphenylmethane.  Dismissing 
the  substitutions  in  the  benzene  residues,  this  is  attained  by  replacing  the 
H-atoms  of  the  methylene  residue  by  alkyl  groups:  diphenylmethyl-, 
diphenyldimethyl-,  diphenylethyl-,  diphenylpropylmethane,  etc. ;  and, 
again,  it  can  be  done  by  inserting  new  C-atoms  between  the  two  benzene 
residues:  «,ai-diphenyl  ethane  or  dibenzyl,  ai,a»-diphenyl  propane,  ai,o*- 
diphenyl  butane,  w,ai-diphenyl  ixjntane,  etc.  A  sharp  division  is  impos- 
sible, because  of  the  unequal  experimental  investigation  of  the  material. 
The  group  of  unsym.  diphenylethane  or  diphenylmethylmethane  will 
receive  first  attention  in  the  following  paragraphs;  its  members  attach 
themselves  in  their  deportment  to  diphenylmethane  and  its  derivatives; 
at  the  same  time  they  show  in  many  ways  their  genetic  relationship  to  the 
dibenzyl  group.  Compare  benzilic  acid,  diphenylacetaldehyde,  stilbene, 
tolane. 

After  these  there  will  follow  the  important  dibenzyl  or  sym.  diphenyl- 
ethane group,  and  then  the  ci*,o>-di phenyl-,  propane-,  butane-,  pentane-, 
and  hexane-groups.  The  derivatives  alkylized  or  phenylated  in  the  ben- 
zene nuclei,  or  in  the  side-chains  connecting  these,  are  included  with 
the  parent  hydrocarbons  of  the  individual  groups;  the  saturated  are  fol- 
lowed by  the  unsaturated  hydrocarbons. 

A.  Unsym.  Diphenyl  Ethane  Derivatives  are,  as  a  rule,  formed  by  the  conden- 
sation of  aldehyde,  chlorinated  aldehydes,  glyoxylic  acid,  etc.,  with  I)enzene  hydro- 
carboos,  phenols,  or  tertiary  anilines,  just  as  the  diphenylmethanes  (p.  342)  are 
pcoduced  by  means  of  methylal,  methylene  iodide,  etc. : 

CH, .  CHO  +  aC,H, >-  CH,CH(C,H5),  4-  H,0. 

All  the  inbttances  induded  in  this  class  yield  bfntophenone  or  its  derivatives  when 
they  are  oxidised. 

Unsym.  Diphenyl  Ethane,  (C;H^),CHCH„  boiling  at  209^  (145^  at  13  mm.),  is 
made  from  benzene  and  paraldehyde  with  cold  sulphuric  acid ;  also  from  ethidene  chlo- 
ride, CHXHCL,  sym.  brom-ethyl  benzene,  CJtl^ .  CHlir.  CII„  or  styrene  with  benzene 
and  AlfMg.  Cnromic  add  oxidizes  it  to  benzophenone,  with  the  elimination  of  the 
methyl  groap.    Consult  B.  27,  3238.    Nitric  acid  nitrates  the  slde-cVoAn^  vcv^  xioX^da^ 
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beniene  residues  of  aniym.  diphenyl-ctbane.  The  prodncto  are :  PiphenjMiylene 
glycol  mononitrite,  (CgH.),C(OH)  .CH,(ONO),  melting  mt  loO^,  dqihcnylviiiyl 
nitrite,  (CgHj),C=:CH(ONO),  melting  at  86^  and  a  dinitiite  melting  at  i^U/f. 
The  latter  it  probably  a  diphenyl-ethylene  derivatiTe.  Tbeae  three  mmpomids  kite 
great  crystalliiing  power,  lliey  form  yellow  crystals,  and  when  ozidixed  yield  bcaah 
phenone  (A.  a33,  330). 

Unsym.  Phenol  Phenylethane,  C;H|CH(CH.)C;H«  .  OH,  melting  at  $8°,  is  pio- 
duced  when  sulphuric  acid  acts  upon  phenol  and  styrene ;  the  homologous  pheBob, 
naphthols,  etc. ,  behave  similarly  toward  styrol  (B.  a4, 3891).  Unsym.  diphenoletliaDe, 
K',li^Oli),CHCH„  melting  at  I22<',  can  be  obtained  from  aldehyde  and  phenol  (B. 

Unsym.  Dipbenyl  Monochlor-etbane,  (C^H|),CH  .  CH,Cl,  u  an  oil.  Dipbenyl 
Dichlor-ethane,  (C,H^),CH  .  CHCI,,  melting  at  8o<>,  and  Dtpheoyl  Trichlor- 
ethane,  ((y  I5),CH  .  CCl^,  melting  at  64*^,  are  obtained  from  mono-,  di-.  and  tricUor- 
acetaldehyde  (chloral)  with  benzene  and  sulphuric  acid.  Alkali,  acting  upon  these  sob- 
stances,  splits  off  hydrogen  chloride,  and  the  products  are : 

Unsym.  Diphenyl  Ethylene,  (C,H5),CH  :  CH„  melting  at  44^  and  boilnig  at  277^, 
which  ca,n  also  be  formed  from  unsym.  dibromethylene,  CBr, :  CH^  with  t^ouene  md 
AI,C'I^;  diphenylmonochlor-ethylene,  (C^ll5),C:  CHQ,  melting  at  42^  and  boiliDg 
at  29S'',  and  diphenyldicblorethylene,  (CgH^),C :  CGI,,  melting  at  80°  and  boiling  st 
316-^,  which  is  also  found  in  the  condensation  products  of  chloral  with  benzene  tnd 
aluminium  chloride  (B.  26,  1955).  If  diphenylmonochlor-ethane  be  heated  aloae  it  splits 
f>tV  hydrochloric  acid  and  is  rearranged  to  atilbene  (p.  369).  The  latter  is  simitirlT 
pro<luced  by  the  reduction  and  rearrangement  of  diphenyltrichlorlethane  with  zinc-dost 
and  alcohol.  When  diphenylmonochlor-ethylene  is  heated  with  a  sodium  ethylate  soln- 
tion  it  is  transforme<l  into  tolane  (p.  370).  Diphenylvinyl  Bthyl  Ether,  (C^H^liC:- 
(.!H(JC,Il5,  **  formed  simultaneously: 

(C,n5)CH  .  CII^Cl ^^ J^CjIIj.  CH  :  CH  .  C^Hj 

(reH5).cn :  CIICl-^=^^^>C,Il5.  c  =•  C.  C^Hj. 

These  transposition  reactions  have  been  extended  to  a  series  of  substituted  diphrtiyl- 
niono-  and  trichlor-cthanes  and  to  diphenylmonochlorethylene  (A.  279,  319;  B.  26,  R. 
270). 

When  iliphenylvinyl  ether  is  saponified  with  glacial  acetic  acid  and  hydrochloric 
acid  it  does  not  yield  diphenylvinyl  alcohol,  but  diphenylacetaldehyde,  (C,H5),CH.- 
niO,  boiling  at  168-172°  {z"^  mm.).  The  oxinu  melts  at  I20*>.  The  aldehyde  in 
many  rt'specls  deports  ithclf  analogously  to  the  oxymethylene  derivatives—^,  g.^  wh«it 
is  oxidized  it  does  not  change  to  the  acid,  but  splits  off  the  CHO-group  and  becoin« 
l)enzo|)henone  (B.  24,  1780;  25,  1781).  Diphenylacetaldehyde  is  also  formed  from  the 
hydrolHinzoTns  by  dehydrating  agents.  Anhydrides  of  the  bydrobenzoTns  are  foraiolat 
the  same  time : 

CVIs.CII.OII.CII.OIICglla    ""'^     >(Ceiy,CII  .  CHO. 

This  is  due  to  an  atomic  rearrangement  opposite  to  that  of  the  transpositions  of  the 
unsym.  diphenylchlor-ethanes  and  ethylenes  just  indicated.  It  reminds  one  of  the 
pinacolinc  rearrangement  of  the  pinacones. 

Diphenyl  Acetic  Acid,  (CjH6),CH .  CO,II,  is  formed  from  its  cyanide ;  and  bj 
reducing  benzilic  acid  with  hydriotlic  acid  and  phosphorus  in  glacial  acetic  acid  (A.  275. 
84).  The  acid  melts  at  146°.  When  oxidi/ed  with  a  chromic  acid  mixture  it  yields  ben- 
zophenonc  ;  and  when  heated  with  soda  lime  we  get  diphenyl  methane.  Its  ffhyl  titer 
melts  at  58°  ;  the  methyl  rster  at  60®. 

Diphenylacetonitfile,  (Cy  yjCfl .  CN.  results  when  diphcnylbrommetbane  is 
heated  with  llR(rN),,  or  by  the  condensation  of  mandelic  nitrile,  CgHj.  CH(OH)CN, 
and  l)cnzene  with  tin  tetrachloride  (H.  25,  1615).  It  melts  at  720  and  lx)ils  at  iV  ^^ 
12  mm.).  The  hydrogen  of  its  CI  I -group  is  readily  replaced  by  the  benzene  residue, 
but  not  by  alkyls  (A.  275,  87).  Iodine,  acting  upon  its  sodium  derivatives,  produces 
tetraphenyl-succinu  nitrile. 
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diphcnyl  Acetic  Acid,  c*H*(NO*|'>^"  *  ^^«^ 


Tetranitro 

The  ethyl  ester  \&  derived  from  dinitro-phenyl-acetoacetic  ester  and  dinitro-phenyl 
■udooic  ester  (pp.  258, 259)  by  the  action  of  o,p-dinitrobrombenzene ;  the  group  CO .  CH, 
(and  00, .  C^Hk)  being  replaced.  It  may  be  similarly  prepared  from  dinitro-phenyl- 
•oetic  ester  by  the  introduction  of  the  dinitro-phenyl  residue.  It  melts  at  154*^.  Alco- 
iMilic  potash  or  soda  converts  the  ester,  by  the  sul»titution  of  the  hydrogen  of  the  CH- 
gRNipv  into  brilliant  metallic  salts,  dissoWing  in  alcohol  and  water,  with  a  dark  blue 
tmior.  Compare  tetranitro-phenylmetbane,  [(CgH,NO,)j]CH,  (p.  343)  and  trinitrotri- 
fdienyl  methane  (C,ll4NO,)3CH  (p.  352)  (B.  22,  2476). 

The  lactone  of  a  tetraoxydipbenylacetic  acid,  COOH  .  CH[C0lI,(OH)2]2,  has  been 
obtained  by  the  condensation  of  chloral  with  resorcinol  by  means  of  potassium  bisul- 
phate.  It  has  a  yellow  color.  It  dissolves  in  cold  alkalies  with  a  red  color,  and  forms 
m,  triaeetyl derivative^  melting  at  152®  (B.  29,  R.  776). 

Benailic  Acid,  Diphenyl  Glycollic  Acid,  (C^H^),C(OH) .  CO,H,  melting  at  i5o<>, 
n  produced  by  a  molecular  rearrangement  of  benzil  (see  this)  when  digested  with  alco- 
bolic  potassium  hydroxide,  and  from  diphenyl  acetic  acid  by  the  action  of  bromine  and 
boiling  with  water.  We  can  prepare  it  better  by  the  action  of  aqueous  potash  and  air 
apoo  benzoin  (B.  19,  1868). 

C.H5  .  CO .  CO.  CeHj — ^^ y  (CeH5),C(OH)COOH. 

When  heated  above  its  melting  point  benzilic  acid  takes  on  a  blood-red  color  and  dis- 
solves with  the  same  color  in  sulphuric  acid.  Diphenylenediphenylethdne  derivatives 
•re  produced  by  the  action  of  concentrated  sulphuric  acid  upon  benzilic  acid  (H.  29, 
734).  It  yields  diphenyl  acetic  acid  when  heated  with  hydriodic  acid  and  phosphorus. 
On  distilling  its  barium  salt  it  breaks  up  into  carbon  dioxide  and  benzhydrol ;  oxidation 
yields  benzophenone. 

Anisilic  Acid,  (CH,OCeH^),C(On)COOH,  Cuminilic  Acid,  {C^\l^C^U^\C(0\\)- 
COC3H.  and  I/examethoxy benzilic  Acid,  [(CHjO)3CeH,],C(()H)COOH,  are  prepared, 
like  benzilic  acid,  from  their  corresponding  substituted  benzils  (p.  375). 

^,/3  Diphenyl  Propionic  Acid,  (C.H^),CH  .  CH,  .  COOH,  is  a  homologue  of 
dipbenylacetic  acid.  It  melts  at  149^.  It  is  formed  by  the  addition  of  benzene  to  cin- 
namic  acid.  This  is  accomplished  by  means  of  sulphuric  acid,  just  as  phenol -phenyl - 
ethane  is  obtained  from  styrol  and  phenol  (p.  368).  The  continued  action  of  the  sul- 
phuric acid  leads  to  a  condensation  to  y-phenylhydrindone  (p.  387).  Phenyltolyl-, 
phenylxylyl-propionic  acids,  etc.,  are  prepared  just  like  diphenylpropionic  acid  (B.  26, 
1 579) .  Potassium  permanganate  oxidizes  these  acids  to  benzophenone,  phenyltolylketone, 
phenylxylylketone,  etc. 

7-Diphenylitaconic  Acid,  (C,H5),C :  C(COOH)  .  CH,  .  COOH,  is  obtained  by  the 
ooiidensation  of  benzophenone  with  succinic  ester  through  the  agency  of  sodium  ethylate 
(B.  30.  94). 

Tripbenyl  Acetic  Acid,  {C^H^JZ .  COOH,  is  a  very  feeble  acid.  It  melts  at  264^ 
and  de^iromposes  into  triphenylmethane  and  carbon  dioxide.  It  is  isomeric  with  the  pre- 
▼ioosly  described  triphenylmethane  carboxylic  acids.  It  is  made  by  the  action  of  ben- 
sene  and  aluminium  chloride  upon  trichloracetic  acid,  and  when  carbon  dioxide  is  con- 
ducted over  potusium  triphenylmethane  (p.  357)  at  200^.  The  best  procedure  consists 
in  using  the  nitrile,  (CgIl5),C.'CN,  melting  at  127^;  the  latter  is  produced  by  the  inter- 
action of  triphenylchlor-  or  -brom  methane  (p.  353)  and  mercuric  cyanide,  llg(CN), 
(A.  194,  260 ;  B.  a8,  2782),  or  by  deamidizing  hydrocyanpararosaniline  (B.  26, 2225). 

p^-Trianaido-triphenyl-acetic  Nitrile,  Hydrocyanpararosaniline,  results  u{)on  di- 
getftiof;  pararosaniline  salts  with  alcohol  and  potassium  cyanide.  Hydrocyanrosaniline 
tt  similarly  obtained  from  the  rosaniline  salts.  The  hydrochlorides  of  these  hydrocyan- 
bodies  bieak  down  under  the  influence  of  heat  into  HCl,  HCN,  and  the  salts  of 
rosaniline. 

B.  Sjrm.  Diphenyletbane  Group :  Dibenzyl,  sym.  LHphenylethane,  C^H^ .  CH,  .  • 
CH,  .  C^H^,  mehing  at  52^*  and  boiling  at  284*^,  is  prepared  (l)  by  the  action  of  sodium 
or  (copper)  upon  benzyl  chloride,  C^Hs .  CH,C1,  or  (2)  of  AlCI,  upon  benzene  and 
ethylene  chloride  or  i^chlorethyl  benzene  (A.  235,  155),  and  (3^  by  healxiv^  V^tw-u^ci^ 
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stin>«ne,  and  tolane  with  hydriodic  acid.  It  forms  stilbene  and  tolane  when  be:ied 
(()  500°.  Chromic  acid  and  potassium  permanganate  oxidize  it  directly  to  benzoic  add. 
It  yields  two  dinitro-compounds  by  nitration. 

p,p-Dinitrodibcnzyl  has  also  been  obtained  by  the  actioo  of  stannous  chloride  vpoo 
p  nitrobenzyl  chloride.     It  melts  at  1 79®  (A.  238,  272  ;   B.  ao,  909). 

Dibenzyl  Homologues:  o,/3-Phenyltolylpropanc,  C;H.CH(CH,)CH,C,H4CH^ 
and  a,..^Phenylxylylp^opane,  are  produced  when  concentrated  sulphuric  acid  acts  apoo 
styrol  in  the  presence  of  xylene  or  trimethylbenzene.  The  homologous  benzenes,  con- 
taining a  methyl  group,  attach  themselves  to  the  unsaturated  linkage  in  the  styrol  (B.23, 
32^). 

Diphcnyldimcthyl  Ethane,  CHj .  CH(CH,)CH(CH,)QH5,  melt- 
ing at  1 23°,  is  formed  when  sodium  or  zinc-dust  acts  ujx)!!  a  /9-haloid  ethyl- 
benzene,  Cellj.  CHX.  CH,  (B.  26,  1 710).' 

Stilbcnc.Toluylcnc,  sym.  Diphenyl-ethylene,  QHj.  CH  :  CH.C.Hj, 
melting  at  124°  and  boiling  at  306®,  crystallizes  in  large,  glistenlDg 
{trciX^stVy  to  glisten)  monoclinic  leaflets  or  prisms.  It  is  obtained  by  a 
great  variety  of  methods.  It  belongs  to  a  long-known  class  of  aromatic 
substances  (I-Aurent,  1844).     It  is  produced: 

(i)  By  distilling  benzyl  sulphide  and  disulphide; 

(2)  By  heating  polymeric  thiobenzaldehyde  (p.  185)  to  150®,  or  by  dis- 
tilling irithiobenzaldehyde  with  metallic  copper  (B.  25,  600); 

(3)  '5y  the  action  of  metallic  sodium  upon  benzaldehyde  or  benzal 
chloride; 

(4)  PVom  chlorinated,  asymmetrical  diphenyl  ethane  derivatives — e.g.. 
((V.H,),CH.  C:H,C1  (p.  368),  (CsHs^CH .  ecu,  by  a  rearrangement 
caused  by  heat  or  zinc-dust  (B.  7,  1409;  J.  pr.  Ch.  [2],  ^^  44); 

(5)  By  the  action  of  metallic  copper,  potassium  sulphydrate  (B.  24, 
1776),  or  i^otassium  cyanide  (B.  11,  1219)  upon  stilbene  dihalides. 

(6)  An  interesling  method  for  its  production  is  that  of  distilling 
fiimaric  and  cinnamic  phenyl  esters  (B.  18,  1945) : 

cy l,/)rO(:n:Cn.COOCVl5^.>CeH5XH  iCHXO.OCell^i^^C.H^XH  :CH.CVl$ 
Diplicnyl  I<'uniaric  Esler  Phenyl-cinnamic  Ester  Stilbene. 

Wlicn  heated  willi  hydriodic  acid  stilbene  yields  dibenzyl.  The  addition  of  halogens 
prtxlucos  stilbene  dihaloids,  the  haloid  esters  of  the  hydrobenzolns  (p.  371).  Chromic 
acid  oxidi/rs  stilbene  to  benzaldehyde  and  benzoic  acid.  Thiofussal^  tetraphenyllhio- 
j>hene  (see  this),  is  pro<liiced  when  stilbene  is  heated  for  several  hours  at  250°,  togcthw 
with  sulphur.     Phenanthrcne  is  formed  when  still^ne  is  heated. 

Stilbenes  havinij  the  subsiituents  in  the  benzene  nucleus  are  obtained  from  sut'sti- 
tutcd  bcn/yl-  and  Iwinzal- chlorides;  thus,  o-chlorbenzal  chloride  and  copper  yield o.o- 
Dichlorstilbene,  (CI .  Cgll^ .  CH)j,  meUing  at  97°,  and  chlomitrobcnzyl  chloride  and 
alcoholic  potash  give  rise  to  Dichlornitrostilbene,  melting  at  294°  (B.  25,  79;  26,640). 

The  action  of  alcoholic  i)olash  ujwn  o-  and  p-nitrobenzyl  chlorides  gives  rise  to  two 
physical  isomerides  in  each  case:  two  o,o-Dinitrostilbene8,  meUing  at  126°  and  196'' 
resi)ectively,  and  two  p.p-Dinitrostilbenes,  meUing  at  210-216**  and  280-284®  (D.  Hi 
2072  ;  23,  1959  ;  26,  2232),  which  yield  corresponding  diamidostilbenes  upon  reductioD. 
o.^-Diamido-stilbene,  (cis-)  melting  at  123°  and  (trans)  at  168°,  changes  to  /«</<»/ (good 
yield)  on  heating  equivalent  quantities  of  the  hydrochloride  and  base;  aniline  is  elimi- 
nated (B.  28,  141 1).  The  disulphonic  acid  of  pj-diamido-stilbene  (melting  at  227°), 
by  diazotizing  and  combining  with  phenol,  passes  into  a  tetrazo-compound,  brilliant ytUm, 
T,,  CH  .  C.1I,(S03H)N  :  NC.IL01I 

*  »e  mono-ethyl  derivative,  ||  ,  of  the  latter  is  the  sub- 

^.      .  CH  .  C:gH5(S()3ll)N  :  NC,H^OC,H. 

sianiive  cotton  dye,  chrysophetiine  (B.  27,  3357), 
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See  6.  aa,  R.  311  (compare  benzidine  dyes,  p.  338),  for  additional  dye-substances. 
OyO-Diozystilbene,  melting  at  92^,  is  produced,  together  with  other  bodies,  on  boiling 
sidicylaldehyde  with  zinc-dust  and  glacial  acetic  acid  (B.  24,  3175). 

Tolane,  DipJunyl  Acetylene,  CeH^ .  C  |  C .  CgHs,  melting  at  60®,  is 
produced  from  stilbene  bromide  on  boiling  with  alcoholic  potash,  and, 
further,  together  with  diphenylvinyl  ether  (p.  368),  on  treating  unsym. 
diphenylchlor-ethylene,  (C,H5),C :  CHCl,  with  sodium  alcoholate. 

The  latter  method  proceeds  more  smoothly  with  the  substituted  tolanes.  Dimethyl 
Tolane,  melting  at  136°,  and  dimethoxytolane,  melting  at  145®,  are  obtained  from 
ditolyl-  and  dianisylchlorethylene.  0,0-Dichlortolane,  melting  at  89°,  is  made  from 
cvo-dichlorstilbene  dichloride. 

The  tolanes  absorb  two  and  four  halogen  atoms,  the  products  being  tolane  di-  and 
tetim-cblorides  (see  these).  The  elements  of  water  are  taken  up  by  the  action  of  glacial 
acetic  acid  and  sulphuric  acid,  with  the  formation  of  desoxybenzolns  (below)  (compare 
Tol.  1,  p.  96). 

I.  Alcohol  and  Ketone  Derivatives  of  Dibenzyl : 

C;H,.CH.0H  CJAJZO         QHj.CH.OH        CeH^.CO  CjHjCO 

C;H4.(!:H,  C^Hj.in,        CgHj.iH.OH        CjH^.iH.OH       CjHj.io 

Scilbene  Hydrate        Desoxybenxo!n  Hydrobenzoin  Benzoin  Benzil. 

Stilbene  Hydrate,  ToluyUne  Hydrate,  CjHj.  CH(OH) .  CIIj.CjHg,  melting  at 
62^,  results  upon  reducing  desoxybenzoln  with  sodium  amalgam. 

Desozybenzoin,  PhenyUbenzyl  ketone^  C-H5 .  CO  .  CH, .  C-H5.  melting  at  60°  and 
boiling  at  314°.  It  is  obtained  (i)  by  distilling  a  mixture  of  calcium  benzoate  and 
calcium  a-toluate  ;  (2)  when  AICI3  acts  upon  a  mixture  of  alphatoluic  chloride ;  (3)  by 
reducing  benzoin  with  zinc  and  hydrochloric  acid  (B.  21,  1296)  ;  (4)  from  chlorobenzil 
and  benzil  ^B.  26,  R.  585)  by  the  action  of  hydriodic  acid ;  (5)  by  heating  monobrom- 
toluylene  with  water  to  180-190°.  One  H-atom  of  its  CHj-group  can  l)e  replaced  J)y 
sodium  and  alkyb,  but  not  the  second  (H.  21,  1297  ;  23,  2072).  Methyl-^  isobutyl-ycetyl- 
deioxybfntcHn  melt  at  58°,  78®,  and  76°  (B.  25,  2237). 

Its  oxime  melts  at  9^^.  Isonitrosodesoxybenzdin,  produced  by  N^O^,  is  identical  with 
a- benzil  inonoxime  (p.  373).  Hydriodic  acid  converts  desoxybenzoln  into  dibenzyl — 
see  also  stilbene  hydrate. 

The  nitration  of  desoxybenzoln  produces  onitrodesoxybenzoTn,  CgH^(NOj)CII, .  - 

CO .  C^Hg,  which,  upon  reduction,  yields  a-phenyl-indol,  C^II^^  xju^^  -Cellj.     Des- 

oz^rtoludn,  CH,  .  CM. .  CH, .  CO  .  C^H^ .  CH,,  and  DesoxyanisoTn,  CH3O  .  CjH^  .  - 
CH,  .  CO .  CgH^.  OCHj,  are  formed  from  the  corresponding  tolanes  (A.  279,  335,  339) 
(above).  CSClj,  or  carbon  disulphide,  and  caustic  potash,  convert  the  desoxybenzolns 
ioto  desaurineSy  which  form  brilliant  golden-yellow  needles.  They  dissolve  in  sulphuric 
acid  with  a  violet-blue  color.  The  exact  constitution  of  these  bodies  is  not  yet  known. 
The  simplest  desaurine  ?ery  probably  has  the  composition  C^HjCOC(C^)C^Hj  (B.  25, 

I73«.  «39). 

Hydrobenxoln,  ToluyUne  Glycol,  CjHj  .  CH(0H)CII(0H)CjH5,  has  two  asym 
metric  C-atoms  and  occurs  in  two  optically  inactive  modifications  (A.  259,  loo) :  hydro- 
beMsciMt  melting  at  134*^,  and  isohydrobenzoln,  melting  at  119®.  The  latter  has  been 
resolved  into  two  optically  active  components  (see  below).  Both  are  produced,  together 
with  benzyl  alcohol,  when  zinc  and  alcoholic  hydrochloric  acid  act  upon  oil  of  almonds, 
or  when  the  latter  is  treated  with  sodium  amalgam,  or  in  the  electrolytic  reduction  of 
k«iisaldehyde  (B.  29,  R.  229).  Both  are  also  obtained  from  stilbene  bromide  or  chloride 
00  converting  the  latter  by  silver  acetate  or  benzoate  into  esters,  and  saponifying  these 
with  alcoholic  ammonia.  With  potassium  acetate,  isohydrobenzoln  is  almost  the  sole 
product  Hydrobenzoin  predominates  (with  a  little  isohydrobenzoln)  when  sodium 
amalgam  acts  on  benzoin.    This  is  also  the  best  method  for  its  preparation  (^Al.  2^>  ^^Y 
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Ifytirohenzoln  dissolves  with  difficulty  in  wmter,  ciTitallizes  in  riMmbic  phlet,  Bdiiii  it 
1 34°.  mnd  sublimes  without  decomposition.  The  diacetaie  is  obtained  from  hcnaMffcyfc 
ami  acetyl  chloride  by  means  of  zinc-dust  (B.  i6,  636):  it  melts  at  134^. 

hohxdrobenzoln  is  more  readily  soluble  in  water.     It  crystallixes  in  prisms  vkU 
contain  water  of  crystallization  and  rapidly  eRtoresce  oo   exposoie.     It*  < " 
dimorphous,  and  crystallizes  in  shining  leaflets,  melting  at  1 18^,  or  ta    ' 
melting  at  106°. 

CHXH.O.CH.CLH. 

Dimolecular  rtiiA>rc/nV«.  ^  j^     ^^^   ^  ^^    ^^*  (?),  melting  at  13a*  aid  «»•,  w 

obtained,  together  with  diphenylacetaldehyde,  (C^Hj),CH.  CHO,  fiom  bodi  F 
/u!ns  by  the  action  of  sulphuric  acid  or  P,(>s* 

l{y  cr>'stallization  from  ether  isohydrobenzoln  has  been  resolved  into  < 
dtfxtro-  and  bevo-rotatory  crystals  (U.  30,  1531).  Chromic  acid  or  potanjom  [ 
nate  changes  both  hydrobenzolns  into  benzaldehydes,  and  nitric  acid  conceits  thea  into 
l)enzo!n  (H.  M*  177^)*  l^^r^  changes  both  to  the  same  stUbene  dibiomide,  (^H|.- 
c:iiHr.  CIIDr.Cfllj,  melting  at  237*',  which  has  also  been  made  by  the  sctioa  of 
bromine  upon  stiH>ene  ami  dibenzyl.  Stilbene  and  Inromine  yield  not  only  the  body  (the 
a  )  melting  at  237°,  but  also  a  ^- variety, melting  at  lio^.  This  is  more  readily soloUe. 
It  passi's  into  the  higher-melting  variety  under  die  influence  of  heat,  and  this  again revots 
by  alcoholic  potash  into  liquid  monobromstilbene,  whereas  the  /S-modification  by  siniibr 
treatment  changes  to  a  WrV/ monobromstilbene  (p.  375)  (B.  aS,  2693).  Both  hjdrobcD* 
7oins  are  changed  by  PCI5  into  o-  and  /=f-Stilbene  Dichloride,  melting  at  192** and  93^. 
The  a-comix>und  is  also  produced  when  chlorine  acts  upon  stilbene  dissolved  in  chloio- 
fi)nn.     When  heated  to  200°  the  /3-  passes  into  the  a-variety. 

Diphenyloxethylamine,  QM^ .  CH(OH)CH(NH,)CLHj,  melting  at  l6i»,  ind 
isodiphenyloxethylamine,  melting  at  128*^,  are  produced  together  by  the  redaction  of 
binzoTnoxime,  and  also  from  the  condensation  products  of  glycocoll  with  benzaldehyde, 
ns  well  as  from  benzaldehydc  and  benzylamine  by  the  action  of  sodium  hydroxide.  N,C^ 
converts  isodiphcnyloxyethylamine  into  isohydrobenzoln  (B.  a8,  1866,  2524;  29,29$; 
30,  1 5  27V  Diphenyl-ethylene-diamine,  Stilbette  Diamine^  C,HjCH(NH,)CH 
( N 11, HeH<^,  melting  at  91°,  is  produced  by  reducing  benzil  dioxime  with  sodium  uxl 
-.\l(>()1i()l.  It  is  resolved  by  crystallization  of  its  bitartrate  into  two  optically  active  com- 
|M)nonts  [\\.  28,  3167). 

The  dinoanhydriJe  of  an  0,0-diozybydrobensoin,  O  .  C^H^ .  CH  .  CH  .  C^H/),  has 

been  obtained  in  two  modifications,  melting  at  68°  and  114°,  by  the  reduction  ofalicyl- 
aldeliydc  with  zinc-dust  and  glacial  acetic  acid. 

Benzoin,  m-Bfnzyl  Alcohol  Phenyl  Ketone^  melting  at  134^  C^Hs- 
CH(()H)  .  CO  .  CfiHo,  is  produced  when  the  hydrobenzolns  are  oxidized 
with  concentrated  nitric  acid,  and  by  the  condensation  of  two  molecules 
of  benzaldehydc  with  potassium  cyanide  in  aqueous-alcoholic  solution. 

This  reaction  is  also  shown  by  other  aromatic  aldehydes  (see  B.  25,  293 ;  26, 60). 
The  proiiiicts  are  ketone  alcohols,— ^. ^. ,  anisoln,  CHjO.  C,n^CH(OH)CO.  CJ^.- 
^X-ir,;  Cufuittohi^  etc.,  from  anisic  aldehyde,  cuminol  (see  also  furfurol,  phenyl- 
Klyoxal),— and  reduce  Fehling's  solution,  being  at  the  same  time  oxidized  to  the 
<:orrr.s|>on(iing  benzils. 

dironiic  acid  oxidizes  l)cnzo!n  to  benzaldehydc  and  benzoic  acid,  while  nitric  acid 
chancres  it  to  l)enzil ;  nascent  hydrogen  reduces  it  to  hydrobenzoln.  The  latter  and 
benzil  are  produced  when  l)enzoTn  is  boiled  with  alcoholic  potash.  If  air  he  simolltne- 
'*"^'y  introduced ,  I)enzil  is  the  chief  product,  and  it  is  further  changed  to  henzilic  acid  (p. 

Beuzolu  f/ydrazoftf  melts  at  750  (J.  pr.  Ch.  [2],  52,  124).  The phenvlkvdraumesmeM 
at  1580  and  106°  ( H.  28.  R.  788).  The  oxim^  melts  at  152°.  Alcohols  and  hydrochloric 
acul  alkylize  l)enzoin  :  methyl  benzoin,  C,H5CH(OCn,)COC,H.,  melts  at  50**,  and  ethyl 
*^wsi?fw  nt  62°  (I?.  26,  2412).  o    o       X  »/         •    a  J     » 
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The  hjdrobromic  acid  ester  of  benzoin — desylbromide,  C^H^.  CHBrCOC^H^,  melt- 
ing at  55^ — b  obtained  from  desoxybenzoln  (see  below)  and  bromine.  Aniline  converts 
kintodesylanilide,  benzolnaniJidet  C«H5CH(NHC,H()CO .  CgH^,  melting  at  99°,  which 
b  also  produced  when  aniline  is  heated  together  with  benzoin.  Wlien  heated  together 
with  aniline  hydrochloride  to  ifo**,  the  product  is  benzoinanilanilide,  CgH5CH(NH  .  - 
C^H^)C(NC^H|)C«H5,  melting  at  125^;  and  when  with  aniline  and  zinc  chloride  at  still 

higher  temperatures:  dipkenylindol^  \  L*    *,,  (B-  *6f  ^ZZ^^  2640), 

QHjC  r^:=  C .  C,Ii. 
Bensoih-p-toluide,  C,H.CH(Nliq5H4 .  CH,)CO .  CgH^,  melting  at  145°,  is  formed 
in  the  condensation  of  t)enzudehyde  with  benzylidene  toluidine  by  means  of  potassium 
cyanide  (B.  19, 1736).  o- Diamines  and  benzoin  condense  to  dihyiiroquinoxalines  ;  urea 
and  thioureas  with  benzoin  yield  glyoxalines^  while  oxazoUs  are  produced  in  the  condensa- 
tkm  of  benzoin  with  acid  nitrites.  For  the  condensation  products  of  benzoin  with  ace- 
tone and  acetophenone  consult  B.  26,  65,  and  p.  380. 

Benzil,  Dibenzoyl,  Diphenylgfyoxal,  QHs .  CO .  CO .  CeHj,  melting 
at  90®  and  boiling  at  347®,  consists  of  beautiful  yellow  prisms.  It  is  the 
most  easily  obtained  a-diketone.  It  is  produced  on  boiling  stilbene 
bromide  with  water  and  silver  oxide  and  by  digesting  benzoin  with  con- 
centrated nitric  acid. 

(/NH\ 
^1       ICO.  CjHj,  and 

bwhydrazibcnzuXCjHjC^^  I     )  J,,whichyieldazobenzU,CeHjC/'/  n  ^CO.C^IIj 

and  bisasobeiuil,  I  ^t^s  •  ^(  \J!r)  Is*  ^^    oxidation  (B.  29,  775).     The  osazone, 

(C^Hj), .  C^(NNH  .  C-Hg),,  melting  at  225**,  becomes  triphenylosotriazole  on  heating 
(A.  232,  230;  B.  a6,  K.  198).  An  isomeric  modification  of  Ix^nzilosazone,  melting  at 
208^,  has  been  obtained  by  the  action  of  iodine  and  sodium  ethylate  upon  benzalphenyl- 
hydrazone.  When  heated  above  its  melting  point  it  changes  to  the  higher  melting  modi- 
fication (B.  29,  R.  863). 

One  molecule  of  hydrozylamine,  acting  upon  benzil,  produces  two  isomeric  monox- 
imea,  the  a-  melting  at  134^,  and  the  y-  at  113^. 

The  former  passes  into  the  latter  by  heating  it  to  100°  with  alcohol,  or  upon  dissolving 
it  in  glacial  acetic  acid  with  hydrochloric  acid.  a-Monoxime  and  hydroxylamine  form  a- 
l>enzil  dioxime,  while  the  y-monoxime  yields  y-benzil  dioxime  (H.  22,  540,  709).  Com- 
pare B.  a6,  792,  R.  52,  for  their  behavior  witli  phenylhydrazine. 

Both  monoximes  break  down,  upon  heating,  into  benzonitrile  and  benzoic  acid.  The 
deportment  of  the  benzil  monoximes  in  the  Beckmann  oxinie  rearrangement  is  very  inter- 
esting. It  is  effected  by  means  of  PCI5 :  a-monoxime  yields  benzoyl  benzimide  chloride, 
readily  decomposing  into  benzonitrile  and  benzoyl  chloride,  while  the  y-monoxime  yields 
benzoylformic  acid-anilide  chloride : 

ClHjC.CO.CgHft  CjHj.Ca  CjHgC      CI 

n  ^         n  >       II  +  I 

N,OH  NCOCjH,  N      CO  .  C^Hj 

•-Beosil-monoxime  Benzoylbenzimidc  Chloride 

CjHs . C. CO .  C,Hj  CIC .  CO . CjII^ 


HO.N  CgHg.N 

~       "  *  "enxoyi  Fo 

aoilide  Chloride. 


Y-BcnzU-aoaoxiine  Benzoyl  Formic  Acid- 

ilfid    -'    " 


la  the  first  instance  the  hydroxyl  exchanged  positions  with  the  phenyl  residue,  in  the 
•econd  with  the  benioyl  residue,  which  led  to  the  above  accepted  configuration  of  the 
moDOximes. 

Two  molecoles  of  hydroxylamine  convert  benzil  into  liro  Vaommc  \)«co^\  ^vwwtcw^'^^ 


dridi,^^^,  ^P^f  di^ke$^Jurmmm  (we  this),  wfaidi  abo  resolb  bam  aU 
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tbea- iiieltiiigata37«MidtlM/S^rtM7*.    Al„ 
from  x-bentil  monouiiie ;  it  mdtitt  l^.    The j 
modificatioiii  npkUy  dniige  to  it.    Uader  < 
itself  into  the  a-fom  (A.  174*  33)* 

Three  difierent  citcn  ue  prodooed  with  add  1 
the  a-fiDnn  melting  et  148^,  the  /^  it  ia4«   and  &  /.  «t  II4<> 
sepooifici  the  a-  and  ^-diaceUtci  to  their  osinw^  while  the  y-aoelate  Tidds  the  mif- 

c;h.c:n^ 

diozimei  \n  the  exit  of  water.    Fotanimn  femcyaaide,  in  dlodine  aololiany  4 

CLH,C=N  — O 
three  to  ^ /'''''^■^><^»^uV_  I^^A'"*^^^  Thia,  when mpidly  JJUMid, 

breaks  down  into  two  molecnlca  cdT  phenykyanate. 

A  complete  (Hctore  ia  alio  afibraed  by  the  deportment  of  the  three  ificiiifi  falk 
Beckmann  reatraaffement,  which  has  led  Id  a  fSumnla  tor  the  present  case  of  isomrrim 
on  the  assumption  that  the  oxime  hydrozyb  invariably  exchange  posftiooa  wiA  dbeatame 
groups  adjacent  to  them  (A.  174,  l)  : 

I.  a-Benaldioxhne  yields  chlorides  with  PC\  by  a  diange  in  position  6nt  of  Aesae 
and  then  of  the  second  hydroxyl,  whidi  can  be  converted  into  the  anhydrides:  mm- 
zenylataxime  (see  this)  and  dipket^l^xyHtaok  (see  this),  whoae  faydralcs  are  iacMed  is 
the  following  diagram  for  the  sake  of  deameae: 

CH.C CCLH,         C«H,Cd|H       HOJN  N ^N 

'      g  I  ^    ' ^        *!    ' *■       >.  I    I 

N.OH    HON  N CC;H,       q,H^.CO|H       HcjiCLQl^ 

a-Benzildioxime  DflbesseBylaaOKlaie  DipbenyiozyWuole. 

II.  >'-Benzildioxime  in  the  first  stage  of  the  reaction  also  yields  dibenzenyisioiiBKb 
but  by  a  second  change  in  position  phenylbtfuoyl  urea  is  prodaced : 

CjHjC C .  CeHj  HO .  C N 

HO.N     HON  ^CjHa.N     HOC.QH^ 

Y-Benzildioxime  Phenylbenzoylurea  (Pseudoform). 

III.  /^-Dioxime  by  a  double  change  in  position  yields  oxaniUde : 

CjiljZ C.C,H^^  HOC COH 

HO.N       N.OH  CgHg.N        NC^H, 

y-Beuzildioxime  Oxanilide. 

The  ready  transition  of  the  x-diacetate  into  furazane  is  not  in  harmony  with  the 
preceding  configuration  of  the  dioximes ;  this  might  rather  be  expected  from  the  «- 
diacetate. 

The  analogy  of  the  benzil  dioximes  with  the  osazones  of  dioxosnccinic  ester  is  rather 
remarkable  (i,  528).  These  osazones  also  occur  in  three  forms,  one  of  which  is  the 
stable  and  the  other  two  unstable,  so  that  the  assumption  of  similar  causes  for  the  isoo- 
crisni  is  not  yet  excluded  (B.  a8,  64). 

Aniline  and  benzil  heated  to  200^  yield  hennl  monanil^QJAJZO  .Q!ii^CJ^^^v 
melting  at  106®  ;  on  adding  P,0.  the  product  is  benwUdiana,  C|H,C(N(LH,)C(NC;H|)- 
Cfllj,  melting  at  142^  (B.  25,  2600;  a6,  R.  700).  Berudl,  being  an  o-diketone.  hi P>f' 
ticularly  well  adapted  for  the  formation  of  heterocyclic  rings,  ft  condenses  with  wi^' 
ene  diamine  to  a  dihydropyrazine  derivative,  with  ortho-diamines  to  qmn^xaKna^  with 
o-amido-dipheny] amine  to  ^.stilbazonium  b€U£  (see  this),  with  ureas  and  thiureas  to  wrdms 
and  ditirefnes,  with  semicarbazide  to  oxydiphenyltriaune^  etc,  Hydriodic  add  reduces  it 
to  desoxybenzoln,  while  chromic  acid  oxidizes  it  to  benaoic  acid.  On  standing  with  potas- 
sium cyanide  and  alcohol  it  breaks  down  into  benzoic  add  and  benzaldehyde.  See  B. 
a8,  R.  465 ;  ag,  R.  645,  865  ;  C,  1897, 1,  596,  for  the  ccmdensation  of  benal  with  msr 
Ionic  ester  and  acetoacetic  ester. 
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The  ccmTersion  of  benxil  into  benzilic  acid  (p.  369)  by  fusion  with  caustic  potash  or 
boiling  with  alcoholic  potash  is  important : 

C^Hj .  CX) .  CO .  C^Hj — ^^ >-  (C,H5),C(OH)COOH. 

Fhotphorus  pentachloride  changes  benzil  to  chlorobenzil,  CLH5.  COCCl^CH^, 
■ehing  at  6i<»,  and  later  to  tolane  tetrachloride,  C,H5CCI,CCl,C,Hj,  melting  at  163°. 
The  Utter  has  also  been  obtained  synthetically  on  heating  benzotrichloride  with  cop|>er, 
i  benzil  is  produced  when  it  is  heated  together  with  glacial  acetic  acid  or  sulphuric 


As  benzil  is  obtained  from  benzoin,  so  anisil,  (CH3O .  C,H^CO)„  melting  at  133°, 
cuminil,  (C,Hf .  C^H^CO)^,  melting  at  84®,  have  been  prepared  by  the  action  of  nitric 
add  apoo  anisoln  and  cummoln  (p.  372).  Anisil  and  a  hexamethoxybenzil,  [(CH,- 
0]^C^H,CO],,  mehing  at  189^,  have  been  obtained  by  alkaline  reducing  agents  from 
■aisamide  and  trimethylgallamide  (B.  24,  R.  523). 
These  benzib,  when  fused  with  caustic  potash,  yield : 
Anisilu  Acid,  CumiJic  Acid^  and  Hexamethoxybenzilic  Acid  (p.  369). 

2.  Alcohol  Derivatives  of  Stilbene  are  not  known  in  a  free  condition  ;  when  their 
citers  are  saponified,  isomeric  ketones  are  obtained  for  the  most  part  (see  phenylvinyl 
■kohob,  p.  271) : 

BtamsUlbene    C,H5CBr:CH.C,Hj  — 3?^—^  CjHj.CO.CHj.CjHj    Desoxybenzoin. 
IsobenzU   CgHjC(OCOCeH5):C(OCOCeH5)CeH5— ^CeH5CO.CH(OH).CjH5  Benzoin. 

However,  benzoin  reacts  in  most  cases  as  if  it  were  an  unsaturated  glycol  with  the 
ibnnula  C;HjC(OH)  :C(0H)C,H.. 

Monochlorstilbene,  C^H^CH  :  CCl .  QH^,  is  an  oil,  boiling  at  320-324°.  It  is  pro- 
duced when  PCI5  acts  upon  desoxybenzoin,  and  by  the  action  of  alcoholic  potash  on  stil- 
bene dichloride.  When  boiled  with  glacial  acetic  acid  it  is  transformed  into  an  isomeric 
modification,  melting  at  54*^.  Chlorine  and  bromine  convert  it  into  chlorstilbene 
dichloride,  C^H^CCl, .  CHCl .  C^H^,  melting  at  103°,  and  chlorstilbene  dibromide, 
melting  at  I27«  (C,  1897, 1,  858).  Methyl  chlorstilbene,  C,H5C(CH,) :  CCIC^Hj,  is 
obtained  from  methyldesoxybenzoln  and  deports  itself  similarly,  his  an  oil,  and  melts 
at  118^  (B.  25,  2237;  29,  R.  34).  Monobromstilbene,  melting  at  31®,  results  on 
treating  stilbene  dibromide,  melting  at  no*',  with  alcoholic  potash  ;  whereas  the  stilbene 
dibromide,  melting  at  237*^,  yields  a  liquid  bromstilbene.  On  the  application  of  heat  the 
oil  passes  into  the  solid  isomeride ;  the  latter,  by  further  action  of  caustic  potash,  changes 
more  readily  to  tolane  than  the  liquid  isomeride.  Therefore,  this  probably  has  the  syn- 
configuration  (B.  28,  2700). 

Isobeiuil,  Siilbeneglycol  Dibemoate,  CjH.C(0  .  COC^Hj)  :  C(OCOCjH5)CjH5, 
colorless  needles,  melting  at  156*^,  is  obtained  by  the  action  of  metallic  sodium  u{>on  the 
ethereal  solution  of  benzoyl  chloride  (compare  i,  297).  It  is  a  polymeride  of  benzil. 
When  saponified  with  caustic  potash  it  is  resolved  into  benzoic  acid  and  benzoin  (B.  24, 

1264). 

Dichlorstilbene,  Tolane  Dichloride,  C^HjCCl :  CCl.  CjH^,  exists  in  two  modifica- 
tions :  a-,  melting  at  143^,  and  the  /3-  at  63^.  Both  are  formed  by  the  addition  of  chlorine 
to  tolane,  or  by  the  reduction  of  tolane  tetrachloride  with  iron  and  acetic  acid,  as  well  as 
from  chlorstilbene  dichloride  (see  above)  with  caustic  potash.  Chlorbromstilbene, 
C^H^CQ :  CBrC^Hg,  melting  at  174^,  is  similarly  prepared  from  chlorstilbene  dibromide. 
Dibiomstilbenes,  a-  melting  at  208^  and  j3-  melting  at  64°,  are  obtained  from  tolane 

CjHjC  :  CC^Hj 
and  bromine.     Tolallyl  Sulphide,  Tolane  Sulphide^  \/         ,  melting  at  174^, 

S 
is  wtrj  probably  the  anhydride  of  a  thiostilbene  glycol.   It  is  formed,  together  with  stilbene, 
on  heating  benzyl  sulphide  (B.  24,  3313). 

3.  CarbozyUc  Acids  of  the  Dibenzyl  Group  are  (a)  those  in  which  the  carboxyl 
group  is  in  the  benzene  nucleus ;  (b)  snch  as  have  die  carboxyl  group  in  the  side-chain : 
dipbenykted  (attyscidi. 
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The  first  group  is  composed  chiefly  of  a  series  of  o-cutmsjlic  acidi  pgoduced  bf 

phthalic  anhydride  condensations : 

(a)  o  Deaoxybenzoin  Carbozylic  Acid,  CJfj .  CH, .  CO .  C^H. .  COOH(  +  Hfi), 
melting  at  75°,  is  formed  when  boiling  alkalies  act  on  the  correspoodiDg  lactone.    Ben- 

zylidene  Phthalide,  Bftisa/  Phthalide,  CJA^ .  CH  :  CC^H^COO,  melting  at  99<>,  which 
results  from  the  condensation  of  phthalic  anhydride  and  phenylacetic  add  vith  the 
elimination  of  CO,. 

Hy  means  of  nitrobenzalphthalide,  benzalphthalide  can  be  cbanged  to  imbeiiaa]- 

phtbalide,  C,II^C:  CII .  C.II^ .  CCKJ,  melting  at  ^\^,  the  anhydride  of  /9,o  detcny- 
benzoin  carl>oxylic  acid,  C^Hj  .  CO  .  CH,  .  C^H^ .  CO,H,  melting  at  163^.  The  latter 
is  made  by  decomposing  jS-phenylhydrindone  (p.  387)  with  caustic  soda.  Benzalphthal- 
ide sustains  a  different  rearrangement  under  the  influence  of  sodimn  alooholate;  the 
sodium  salt  of  /^phenyldiketohydnndene  (p.  388)  is  then  produced : 


CjHj .  C:  CM  .  C,H,  .  Co6-f-  C,H,CH  :  t .  C.U,  .  Co6->C;H^tH. CO.C;H,.Co6 
Isobenzalphthalide  Bcnzalphthaiide  PhenytdikdohydriadaK. 

N NH 

Hydrazine  converts  benzalphthalide  into  benzylphthalaaone,  I  / 

CJ||H^.CH«.C  .CLH|.O0. 
By  reduction  with  glacial  acetic  acid  and  zinc  it  passes  into  benzylpnthalunidiDe, 

Cgll^CII, .  CHC.II^ .  CO .  Nil,  melting  at  lyi"".  It  can  also  be  obtained  by  the  reduc- 
tion of  benzalphthalimidine  (B.  29,  1434,  2743). 

c>,oDesoxybenzoin  Dicarboxylic  Acid,  COOH  .  C^H^ .  CH,  .  CO  .  C^H^ .  COOH, 
melting  at  239°,  is  obtained  U{x>n  heating  phthalic  anhydride  with  o-carbophenylaceu'c 
acid  and  sodium  acetate  (B.  24,  2820).  The  reduction  of  desoxybenzoin-mono-  and 
dicarl>oxylic  acids  yields  dibenzyl  mono-  and  di-  carboxylic  acids,  melting  at  131° 
and  225°.  The  oxidation  of  o  deM)xyl)enzoIn  carboxylic  acid  produces  o-l)enzi] -car- 
boxylic acid,  Cgllj  .  CO.  CO  .  CjH^  .  COOH,  occurring  in  two  modifications,  one 
yfllo7v  in  color,  melting  at  141^,  and  another  u'^t/^,  melting  at  125-130°  (B.  23,  1344, 
'2079;   29.  2745). 

0,0  Benzil  Dicarboxylic  Acid,  (COOH  .  C^H^  .  CO),,  is  white  and  melts  at  270°. 
It  forms  two  series  of  dialkyl  esters — white  and  yellow  in  color  respectively.  The  acid 
is  formed  from  phthalic  anhydride  with  zinc-dust  and  acetic  acid  and  subsequent  oxida- 
tion, or  by  the  oxidation  of  Diphthalyl,  O.  OC.  C-H^C  :  CC^H^COO,  melting  at 234". 
This  latter  body  lias  been  produced  by  the  condensation  of  phthalide  (p.  234)  and 
I^ithalic  anhydride  with  potassium  cyanide  (see  formation  of  benzoin,  p.  372).     Tctra- 

methoxydiphthalyl,  6  .  OC  .  CgH,(OCH3),(l: :  CCeH,(OCH,)CCK")  (B.  24,  R.  820; 
compare  B.  26,  540),  is  similarly  made  by  the  condensation  of  opianic  ester.     Dihydro- 

diphthalyldiimide,  NH  .  CO .  C^II^ .  h.\\  .  tHC^H^CO .  NH,  melting  with  decomposi- 
tion at  284°,  results  from  the  condensation  of  two  molecules  of  phthalic  anhydride  vith 
methyl  alcoholic  ammonia.  This  substance  is  isomeric  with  indigo  white  (comj>are  B. 
29,  2745). 

(b)  Dibenzyl  Carboxylic  Acid,  a- Pkenylhydracinnamic  Add,  a^^-Diphetiyl-pto- 
pionii  Andy  C-H5CH,CH(CjH.)COOH,  appears  in  three  physical  isomerides,  meltingat 
95°.  J^9°.  82°,  lx)iling  at  335°  (1^-  25,  2017).  Its  ni/n'U  results  ujwn  introducing  benzyl 
into  benzyl  cyanide.  a-Phenyl-o-amidohydrocinQamic  Acid,  melting  at  148°,  is  ob- 
tained in  the  reduction  of  a-phenyl-o-nitrocinnamic  acid  (B.  a8,  R.  391).     It  changes 

.CH,— CH(C,H5)C0 
very    readily    into    its   lactone — ^-phenylhydrocarbostyril^  C'-H.^  ^_,..— — **, 

^NH--'"'''^ 
melting  at  174*^. 

Stilbene  Carboxylic  Acid,  a-Pheftylcinnamic  Add,  C^H^CH  :  C(C,H5)C0,H, 
melting  at  172^,  is  formed  in  the  condensation  of  benzaldehyde  with  phenylacetic  aad 
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Bj  redaction  il  becomes  a-phenylhydrocinnamic  acid,  but  does  not  add  bromine.  The 
actioD  of  biomine  upon  the  sodium  salt  produces  bromstilbene  (B.  a6, 659).  a-Phenyl- 
o-amido-cinnaiiiic  Acid,  melting  at  186*^,  the  reduction  product  of  o-nitro-a-phenyl- 
cinnamir  add,  obtained  in  the  condensation  of  o-nitrobenzaldehyde  with  phenylacetic 
•dd,  yields  /^phenanthrene  carboxylic  acid  (see  this)  (B.  ag,  496)  when  its  diazo-deriva- 
tive  is  shaken  with  copper  in  powder  form. 

Desylscetic  Acid,  ^Pkenylben%oyl  Propionic  Acid,  CjHj.  C0CH(Cjn5) .  CH, .  - 
GOOH,  melting  at  161^,  is  obtained  as  ester  from  the  interaction  of  sodium  desoxyben- 
aoln  and  chloracetic  ester.    When  distilled  in  vacuum  it  changes  to  diphenylcrotolac- 

tone,  C^H^C:  6(C^H5)CFI, coo', melting  at  I5i<»  (B.  25,  R.  419).     See  B.  29,  2585, 

for  the  formation  of  desylacetic  acid  from  the  condensation  product  of  benzaldehyde  with 

pbenylpyroracemic  acid. 

Dibenzyl-dicarboxylic  Acid,  sym.  Dipbenyl-succinic  Acid, 

c;h,.ch.cooh  .  .,   ,       V   ..  «  ,        ..... 

I        ^^^^k^iT»  occurs  smularly  to  the  dialkyl  succmic  acids  m  two  isomenc  forms. 

I  •  CxT  .  CXX^xT 

a-aeid  (-}-  H,0)  is  produced  on  heating  phenyl-bromacetic  acid  (2  mols.^  with  alco- 
holic CNK,  also  (together  with  the  j9-acid,  melting  at  229*^)  from  stilbene  dicarboxylic 
add  with  sodium  amalgam.  The  acid,  containing  one  molecule  of  water,  melts  at  185^ 
when  rapidly  heated ;  it  loses  water  and  remelts  at  220*^.  When  heated  to  200^  with 
hydrochloric  acid  it  changes  to  the  /}-acid.  lis  anhydride,  melting  at  116*^,  is  readily 
prodaced  by  means  of  acetyl  chloride. 

The  /7-acid  yields  an  anhydride  (but  with  more  difficulty)  when  heated  with  acetyl 
chloride  (B.  23,  117,  R.  574;  A.  259.  61).     It  melts  at  112°. 

The  nitriles,  CgH5CH(CN)CH(CN)C,H5,  the  a-  melting  at  160®  and  the  /?-  melting 
at  240^,  resuh  from  the  condensation  of  pbenyl-acetonitrilc  with  mandelo-nitrile  by 
means  of  potassium  cyanide  (B.  25,  289  ;  26,  60).  Both  nitriles  yield  the  ^-acid  when 
they  are  saponified. 

Stilbene  Dicarboxylic  Acid,  Diphenyl  Malcic  Acid,  decomposes  immediately 
when  separated  from  its  salts,  like  the  dialkylic  malelc  acids,  into  water  and  its  anhy- 

C.H..C.CO 
dride,  %  >0,  melting  at  155°.     The  latter  condenses,  like  phthalic  anhy- 

CJtl^.C.  CO 
dride,  with  phenylacetic  acid  and  quickly  changes  to  benzaldiphenylmaleid, 
C^HjC  — C=CH.C,H5 

B  >0,   which  deports  itself  just  like   benzolphthalide  (p.  376)  (B.  24, 

3854).  The  salts  of  diphenylmaleic  acid  are  formed  when  dicyanstilbene,  C^H^C- 
(CN)  :CfCN)CjH.,  melting  at  158®,  are  saponified  with  alcoholic  potash.  This  nitrile  is 
pmdocea  when  phenylchloracetonitrile  is  treated  with  CNK  or  NaOC.II^,  or  by  the 
action  of  sodium  alcoholate  and  iodine  upon  phenylacetonitrile  (B.  25,  285,  1680). 

CH5.CH.CH,.CO.  CTI, 
4,5.Diphenyloctan.2,7-dion,  ^^    ^^    ^^     ^^    ^^  ,  melting    at   1610    and 

boiling  at  335-340*^,  may  be  regarded  as  a  deriyative  of  dibenzyl.  It  might  be  designated 
a,fi-diaeetonyldihenzyL  It  results  in  the  reduction  of  2  molecules  of  benzylidene 
acetone  in  feebly  add  or  neutral  solution  (B.  29,  380,  2 1 21). 

C.  Tii-  and  Tetra-pbenyl  Ethane  Group. 

A  triphenyl  ethane,  (CgH.),CH  .  CH, .  C^Hj,  is  not  known  (see  C,  1897, 1,  1204). 

Triphenyl  Bthanon,or  Trtphenyhiny I  Alcohol,  (CjHj), .  CH  .  CO .  C,H.,or  (C^Hj),- 
C :  C(OII)C^H(,  melting  at  136^,  results  from  the  action  of  benzene  and  aluminium 
chloride  upon  chloral,  upon  dichlor-  or  trichloracetyl  chloride  (B.  29,  R.  292; 
A.  S96,  219).  Potassium  permanganate  oxidizes  it  to  benzophenone  and  benzoic  acid, 
while  alcoholic  potash  resolves  it  into  diphenyl  methane  and  benzoic  acid.  Bromine  in 
carbon  disnlphide  converts  it  into  Triphenyl-bromethanon,  (C0H5)2CBrCOC«H5, 
melting  at  97^,  in  gladal  acetic  acid,  however,  by  replacement  of  bromine  with  hydroxy! 
hiphenvlaxyeihanoH  results.  It  does  not  react  with  phenylhydrazine.  With  hydroxyl- 
•mioe  nydrochloride  in  alcoholic  solution,  oxidation  takes  place  and  triphenylethoxy- 
ethanon,  (C;H,)jC(OCH^)COCeHg,  is  produced.  Caustic  poU&h  bt^i^i^  ^v&  XxA^ 
to  bendiyml-etber  and  benzoic  acid. 
n— 3a 
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Tripbenylmethyl  Ethmne,  a/i^^-Triphenylpr^ane^  (C;H,),CH  .  CH(CH,)C;Hj, U 
protKibly  the  prcxluct  obtained  by  the  redaction  of  diphenylindooe  (p.  3S6)  with  phos- 
phorus and  hydriodic  acid.  Diphenylindone  is  an  intermediate  product  in  the  odd* 
densation  of  benzophenone  chloride  with  phenylacetic  ester,  whereb^  there  results— 

Triphenyl  Acrylic  Ester,  (C,H.),C :  C((^H,)COOR.  The  acid,  melting  at  i\f. 
corresponding  to  this  ester  is  obtained  from  its  nitriU^  melting  at  163%  the  coi^ensatioD 
product  of  benzophenone  chloride  and  benzyl  cyanide  (B.  aS,  2784;  sg,  2841).  When 
diphenylindone  is  fused  with  caustic  potash  it  yields  an  add,  meltiag  at  186^,  which  is 
isomeric  with  triphenyl  acrylic  acid.     It  is  probably — 

a.;?  Dipbenylvinylo-benxoic  Acid,  COOH[2]C.HJC{CgH,):CH.C:H,.  Both 
acids,  when  heated  with  ZnCl,,  revert  again  to  diplienylindone  (B.  30,  1282). 

Tetraphenyl  Ethane,  (C0Hj),CII .  CI^C^H^),,  melting  at  TOff  and  boilmg  at  379- 
383°,  is  formecl  when  benzophenone  (p.  345)  or  benzobydrol  chloride,  (C^H^)tCHQ 
(p.  344)1  is  heated  with  zinc,  and  thiobenzophenone  (p.  34Q)  with  copper;  further, bj 
the  reduction  of  tetraphenylethylene  with  sodium  and  alcohol,  of  benzpinacone  or  bear 
pinacoline  (see  below)  with  hydriodic  acid  and  phosphorus,  as  well  as  by  the  conden- 
sation of  still)ene  bromide,  of  tetrabromethane,  or  of  chloral  with  benzene  and  A1,C1,  (B. 
18,  657  ;  26,  1952  ;  A.  296,  221). 

Tetraphenyl  Ethylene,  (C,Hj),C :  C(C^Hj)„  melting  at  221^,  b  formed,  together 
with  tetraphenyl  ethane,  from  l)enzophenone,  and  is  also  obtained  on  heating  beo«>ph^ 
none  chloride  with  silver  or  with  zinc-dust,  together  with  the  benzpinacolines  (B.  sg, 
I7S()).  lioth  hydrocarbons  are  split  into  two  molecules  of  benzophenone  wheo 
oxiili/ed. 

The  alcohols  of  the  tetraphenyl  group  are  the  pinacones  of  benz(»>henone  ind  its 
homologues.  I1iey  are  formed,  like  the  pinacones  of  the  aliphatic  series,  uom  the  ketones, 
together  with  secondar>'  alcohols,  by  the  action  of  nascent  hydrogen. 

Benzpinacone,  Tetraphenylethylene  Glycol,  (C,H5),C(OH)C(OH)rC,H5)„  melts  it 
1X5°  ancl  splits  into  benzophenone  and  l)enzhydrol.  It  sustains  a  liice  change  when 
boiled  with  alcoholic  potash.  It  is  formed  from  benzophenone  by  the  action  of  zinc  and 
su1|)huric  acid  or  by  the  decomposition  of  so<lium  benzophenone  (B.  25,  R.  15). 

( >n  heating  benzpinacone  with  hydrochloric  or  dilute  sulphuric  acid  to  200**,  by  the 
action  of  methyl  chloride  upon  it,  or  of  zinc-dust  and  acetyl  chloride  upon  benzophenone, 
we  get  two 

Benzpinacolines — the  a-,  melting  at  205°  ;  the  /9-  variety,  at  179°.  So  for  as  their 
structure  is  concerned,  they  are  imperfectly  known  (B.  24,  R.  664). 

Tetraphenylethane  Dicarboxylic  Acid,  Tetraphenyl  Succinic  Acid, 
(CIUX.COOII  ,  .    , 

1^      ,  ,  melting  at  261  °  with  decomposition  (its  ethyl  ester  at  89°) ,  is  obtained 

from  diphenyl  chloracetic  ester  by  the  action  of  silver  (B.  22,  1538).  Its  »i/ni<r,  melt- 
ing at  215°,  is  formed  by  the  interaction  of  the  nitrile  of  diphenylacetic  acid  with  sodiom 
and  iodine. 

The  dilactone  of  a  Benzpinacone-o,-dicarbozylic  Acid,  O  .  CO .  C,H^C(C,H5) .  ■ 

(.^(CgHQJCgH^COO,  melting  at  265°,  is  formed  on  boiling  o-bcnzoylbenzoic  acid  (p.  35°) 
with  hydriodic  acid  and  phosphorus  (B.  29,  R.  498). 

V.  w,w-Diphenylpropane  Group:  Dibenzylmethane,  a^y-Diphenylpropant, 
QH. .  CHj.  CH,.  CI  I,.  CjjIIs,  lx)iling  at  290-300°,  results  by  the  reducing  action  of 
hydriodic  acid  m\k)t\  Dibenzyl  Ketone,  CgH^  .  CII, .  CO .  CII, .  C,H,,  melting  at  A^^ 
and  boiling  at  330°  (I^  24,  R.  946).  This  body  is  produced  in  the  distillation  of  cal- 
cium phenylacetatc.  One  hydrogen  atom  of  each  of  the  two  CH,-groups  can  bereplac«<J 
l»y  alkyls.  It  condenses  with  oxalic  ester  and  sodium  ethylate  to  a  Triketo-K-pentem 
derivative,  oxalyldibenzylketone  (compare  p.  20  and  B.  27,  1353  ;  A.  284,  245) ; 

/CII, .  C.H,      C(X)H .  pQ/CH(CeH,)-CO 

\CII, .  C^IIj  "^  COOH  \CH(CeHj)-(!:o' 

Sodium  reduces  dil)enzylketone  to  dibenzylcarbinol,  (QH. .  CH,),CH  .  OH,  boil- 
ing at  3270.     It  combines  to  dibenzyldiphenol  methane^  (C^HjCH,),C(C:^H40n),  (B.  aSi 
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ilh  phenol.  BenxyUcetopbenone,  CjH.CH, .  CH, .  CO .  C^Hj.  m.  p.  73°,  is 
irith  dibenzylketone.  It  is  produced  on  reducing  benzylidene  acetophenone, 
:  CH .  CO .  C^Hj  (m.  p.  58**,  b.  p.  346**),  with  zinc -dust  and  acetic  acid.  This 
ipotmd  is  the  condensation-product  of  benzaldebyde  and  acetopbenone  (B.  ao, 
:  combines  with  hydrochloric  acid  to  chlorbenzylacetophenone : 

:a.CH,.C0.CeH5  -«-^C,HjCH:  CH.CO.QHj^^  CeH5CH,.CH,.CO.CeHj 
Dzylacetophenone  Benzylacetophenone. 

•,  p-Ozybenzylideneacetopbenone,  from  the  corresponding  oxybenzalde- 
d  acetopbenone,  melt  at  154^  with  decomposition,  at  160°,  and  183°.  Alcoholic 
mverts  acetyl-o-oxybenzylideneacetophenone  into  benzoylcumarom  (see  this), 

^C .  CO .  CgHj.      Reduction  changes  o-oxybenzylidene  acetophenone  into 

l-y.(o-oxyphenyl)propyl  alcohol.  HO  .  C-H^  .  CH,  .  CH, .  CH(0H)-C,H5, 
at  97*^,  which  is  condensed  by  HCl  in  methyl  alcohol  to  a-phenylcumaran, 
'H     CH 

sndensation  of  2  mols.  of  acetophenone  by  heat  alone,  or  by  zinc  ethide  or  zinc 
yields  a  homologue  of  benzalacetophenone,  called  Dypnone,  C^Hg .  C(CH,)  :- 
.  CgHj,  melting  at  225**  (22  nun.),  which  sustains  the  same  relation  to  aceto- 
as  mesityl  oxide  bears  to  acetone  (B.  27,  R.  339)  ;  see  also  triphenyl  benzene 

Idehyde  condenses  as  readily  as  acetophenone  with  desoxybenzoln  (p.  371), 
e  influence  of  alkalies,  forming  benzylidenedesoxybenzoin,  C^H^CH  :  C(C^- 
CgH^,  melting  at  loi^.  This  also  results  in  the  distillation  of  benzamarone  (p. 
I  upon  reduction  yields  benzyldesoxybenzoin,  C^Hs  .  CH, .  CH(CgH4)CO  .C,- 
tng  at  120°.  This  can  also  be  prepared  by  the  introduction  of  the  benzyl  group  into 
nzoln  (see  p.  371).  If  benzaldebyde  and  desoxybenzoTn  be  condensed  through 
:y  of  hydrochloric  acid,  there  is  formed  :  cblorbenzyldesoxybenzoln,  which 
readily  convert  into  the  unsaturated  ketone,  while  by  distillation  it  is  resolved 
me  and  benzoyl  chloride  (B.  26,  447,  818) : 

,.CH  CeHj.CHCl  C-H^  CH      CI 

U  -< I  >-  II      +1 

, .  CCOCjHj  C-Hj .  CII .  CO .  C.Hji  C^H^ .  CH     COCjHj. 


ixoyl  Methane,  (C,H5C0),CH,,  is  formed  from  dil)enzoyl  acetic  acid.  It 
5l".  Nitrous  acid  converts  it  into  an  isonitroso  derivative^  (^e^'s  •  CO),C :  N .  - 
ch  may  be  converted  into  the  corresponding 

snyl  Triketone,  CgHj.CO.CO.  CO.C^Hj,  boiling  at  289®  (175  mm.  pres- 
t  solidifies  to  a  golden-yellow  mass,  melting  at  70°.  It  combines  with  water  to 
iS  hydrate  (B.  23,  3378). 

ixoylacetylmethane,  Dibenzoylacetone^  occurs  in  two  forms,  one  of  which 
represents  the  diketohydroxylform,  (C.1L  .  CO),C :  C(OH)CH,  (a-,  m.  p.  80°), 
the  triketo  form,  (C^HjCO),.  CH  .  COCH3  (/?-,  m.  p.  io7-iio*»).  It  results 
izoy]  acetone  and  benzoyl  chloride  with  soda.  Similarly,  diljenzoylmethane 
l)-Tribenzoylmcthane,  (C,H5CO)3CH,  melting  at  225°.  By  boiling  with 
and  acetic  ester  this  /^-modification  is  changed  to  the  a- form,  (CjH5CO),C :  C- 
Ij,  soluble  in  alkalies  (A.  291,  25). 

vylic  Adds  :    Dibenzyl  Acetic  Acid,  (C,H. .  CH,),CH .  COOH,  melting  at 
srived  from  dibenzyl  malonic  acid,  (CgH5CH,),C(COOH)„  the  ester  oi  which 
ed  by  benzylating  malonic  ester.     o,o-Dinitrobenzyl  Acetic  Acid, 
*H        f  H  CH 

*      1^^  '^C^H^,  made  in  an  analogous  manner,  may  be  condensed 

rO|     COOH    NO,/ 

tioo  with  zinc-dust  to  tetrahydronaphtinolin  (see  this)  (B.  27,  2248 ;  29,  636). 
ryl  Ifalonitrile,  (C,H^CH,)C(CN)„  melting  at  I30<'  and  boiling  at  ^6o<'.  \% 
from  the  corresponding  nitrilo-acid  amide,  which  is  pTe^ue^  Ixom 
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nmiile.  Sodiam  mnd  alcohol  reduce  the  nitrile  with  eliiiiiiiat]«»  of  a  cyiiQgeB  groop  to 
dibenxylethyUmine,  (C«IIjCH,),CH  .  CH,  .  NH,,  wbose  JkyJr^cAUHde  mehs  it  I^O** 
(K.  29,  R.  nil). 

Dibenxyl  GlycoUic  Acid,  (C^H, .  CH,)^C(OH)  .  CO,H,  Outolylie  Add,  is  pro- 
duced from  dibenzyl  ketone  by  means  of  CNK  and  hydrochlcMic  acid,  and  when  nUpic 
ami  puWic  acids  are  boiled  with  dilute  alkalies.  It  melts  at  156**.  Wlien  boiled  with 
Kincentraled  potassium  hydroxide  it  decomposes  into  oxalic  acKl  and  two  molecules  of 
toluene  (A.  219,  41). 

a  Phenyl  .^benxoylpropionic  Acid,  PkenylpJUnacyl  Acetic  Acid^  C^HjCO.  CH,.- 

<  ll»C,IIj)C(X)H,  melts  at  153°.  Its  nUriU  melts  at  I27«.  The  acid  is  prodnced  wheo 
(  N  K  acts  upon  chlorbenzylaceto|^enune  (p.  379).  If  heated  with  acetic  anhydride  it  yields 

ihe  lactone  of  isomeric  a,>-Dipbenyl-)  -oz3rcrotonic  Acid,  C^H^c!::  CH.CH(C,Hj)CO(!\ 
mcliiiig  at   110°,  while  upon  reduction  with  sodium  amalgam,  a,}--DipbenylbulynH 

lactone,  CIIj.  til .  CII, .  CHlC.H^^COC)  (A.  284,  i). 

II ,  >  Dipnenylacetoacetic  Acid  is  isomeric  with  phenylphenacylacetic  add.    Its  /sAr, 

<  ;n, .  (::n,.  CO.  Cn(C  ,Hj)CO,C,H5,  melting  at  79«,  is  formed  when  two  molecules  of 
phciiylacetic  ester  are  condensed  with  sodium  ethylate.  Concentrated  sulphuric  idd 
condenses  the  ester  to  a  naphthalene  derivative — phenyl naphthoresordnol  (A.  296^  I). 

Dibenzoyl  Acetic  Acid,  (C^Hj.  CO),CH  .  CCX)H,  melts  at  109*'.     Its  «/<r,froiB 
l»enzoyl  acetic  ester  and  Iwnzoyl  chloride,  yields  CO,  and  dilienzyl  methane  by  dry  dis-     , 
filiation,  and  acetophenone,  carbon  dioxide,  and  benzoic  add  when  digested  with  snJ- 
phuric  acid. 

VI.  M^DIPHBNYL  BUTANB  GROUP. 

Dibenzyl  Ethane,  a/ Diphenylbutane,  C^Hj.  CII,  .  CII,.  CIIj.CHj.C.Hi. 
mt'ltin^  at  52*^.  is  formed  by  the  reduction  of  Diphenylbutylenc,  C^H. .  C H  :  Cli  •  • 

<  n,.('Il., .  ^\\\-^s  which  is  produced  when  sodium  and  alcohol  act  uj)on  the  nitrile  0! 
/i  l>lienyli  innamt-nyl  acrylic  acid  ( H.  23,  2857).  Diphenyldiethylene,  CjUj-CH:- 
(II.  <  11 :  CIl  .  ( '^I [j,,  iiultinR  at  148°  and  boiling  at  250°,  results  on  heating  fl-phenyl 
( innamenyl  acrylic  acid  (H.  23,  K.  333).  A  iftraiodide  of  this  hydrocarbon,  C^HjCl:  • 
CI  .Cl:CICjll5,  melting  at  144°  (B.  26,  R.  19),  is  formed  by  the  addition  of  iodine  to 

Diphcnyl  Diacetylcnc,  CeH^C  i  C.C  f  C  .  QH^,  melting  at  S8^ 
J'liis  is  riKule  by  shaking  cop|)er  phenyl  acetylide,  QHsC  i  C .  Cii  (p. 
26S),  in  amnion iacal  solution  with  air,  or  by  the  action  of  potassium 
fcrricyanide.    //  is  the  parent  hydrocarbon  of  indigo  blue.    Its  0,0-dinitro- 

C  '  C    C  '  c 
derivative,  C^\\^<:^^:^     '    (^^  j^- ^CgH^  (from   o-nitro-phenyl    acetylene,  p. 

26S),  is  rearranged  by  concentrated  sulphuric  acid  into  the  isomeric  di-isa- 

togen  (see  this),  which  lx?comes  indigo  blue :  CeH^<^^jj>C:C<^^j>C,H«. 

by  reduction  with  ammonium  sulphide  (B.  15,  53). 

K'r/onrs:  Phenethyl  Benzyl  Ketone,  C^Hj .  CH, .  CH, .  CO .  CH,  .  C^Hj,  boiling 
at  324°  to  336°,  is  pro<luced  when  hydrocornicularic  acid  is  distilled  with  lime  (p.  3S21. 

Diphenacyl,  Dibetnoyl  Ethane,  Cgll^CO.  CH,.  CH,  .  CO.  ^Ji\^,  melting  at  145'- 
is  made  from  phenacyl  benzoylacelic  ester  (p.  371),  as  well  as  by  the  reduction  of  the 
two  bromdiphenacylens,  melting  at  129°  and  161°,  with  magnesium  ix>wder.  Therf 
bromides  arc  produced  when  sodium  ethylate  acts  uix>n  phenacyl  bromide  (R  ag,  I75^» 
2092).  Hoing  a  >  -dilcetone,  it  readily  forms  diphenylfurfurane,  diphetiylthiophent,  anJ 
dipheuyl Pyrrol,  i        J  J     J  ^     r       j        i 

^^^fy^^^^^ophcnont,  a.Q-Dibenzoyl  Phenyl  Ethane,  QfiflO  .  CHCC^Hs) .  CH,  •  • 

-.1  *,J.r  '".^'^'"g  at  I26*»,  is  produced  in  the  condensation  of  benzoin  and  acetophenone 

hydrazTiir'"""  ""^"^'^^  ("•  *3»  R-  636 ;  26,  60).     See  B.  ag,  R.  171.  for  the  action  of 
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C,H..COCH.CH. 

Bidesyl,  l__  _  __  *  dibenzoyi-dihentyl,  results  when  desyl bromide    or 

C^Hg .  CO .  CH .  C^H^ 
iodine  mcts  upon  sodium  desoxybenzoTn  (B.  2Z,  1355  ;  25, 285).    It  melts  at  255*^.     /so- 
Hdesyl^  formed  simultaneously,  melts  at  161^.     Bidesyl  yields  tetraphenyl  pyrrol  and 
tetraphenyl  furfurane,  the  so-called  Upidene, 

ay/9-Dibenzoyl  Styrcnc,  Anhydroacetophenane  Benzily  CeHjCO .  - 
CH  :  C(C,H5)COCeHj,  melting  at  129°,  is  obtained  from  benzil  and 
acetophenone  by  the  action  of  caustic  potash.  When  heated  it  rear- 
ranges itself  by  the  migration  of  a  phenyl  group  into  the  isomeric  tri- 
phenykrotolactone^  melting  at  ii8® : 

CO O 

C^H^CO .  C(C,H.) :  CHCOC^H^ ^(C^H^),!!; .  CH  :  tc,Hj 

Dibenzoyl  Styrene  a.a.y-Triphenylcrotolactone. 

Dibenzoyl  Stilbene,  acUular  oxyUpidtne,  CeHjCO .  CCQHft)  :  C- 
(CtH5)COCeH5,  melting  at  220°,  resulting  from  the  oxidation  of  lepidene 
(sec  above)  with  nitric  acid,  or  of  thionessal  (p.  370)  with  potassium 
chlorate  and  hydrochloric  acid,  also  yields,  on  heating,  tetraphenylcroto- 
iactone^  tabular  oxyUpiderUy  melting  at  136** : 

CO O 

C;H5C0C(C,H,)  :  C(C,H,)COCeH, ^  (C,n,),c!: .  C(C.H,) :  i(C,H,) 

Dibenzoyl  Siilbene  a,a,^  ,Y-Tetraphenylcrotolactone. 

Consult  B.  24,  510;  25,  R.  418,  for  the  action  of  phenylhydrazine 
upon  dibenzoyl  styrene  and  stilbene.  Bidesyl  results  from  the  reduction 
of  dibenzoyl-stilbene. 

Diphenyltetraketone,  C^Hj .  CO  .  CO  .  CO.  CO.Cgn.(-f-  H,0),melting  at  87**, is  red 
in  color  when  hydrous,  and  yellow  when  anhydrous.  It  is  formed  in  the  oxidation  of  Ben- 
zoyl Formoin,  C^llj .  CO.  CO.  CH(OII)COCjH5.  melting  at  170°,  which  is  produced 
like  benzoin  from  ocnzaldehyde  hy  condensing  two  molecules  of  phenyl  glyoxal  with  potas- 
sium cyanide.  Benzoyl  formoin  also  results  readily  from  the  action  of  soda  upon  iso- 
nitroso-acetophenone  acetate,  C,Hj .  CO .  CH  :  NO .  COCII,.  Substituted  diphenyltetra- 
ketones  have  been  similarly  prepared  (B.  25,  3468). 

Diphenyltetraketone  is  a  member  of  the  following  homologous  series : 

Diphenyl  Diketone,  Benzil,  CjIIjCO .  COCjHj  (p.  373). 
Diphenyl  Triketone,  C^H^  .  CO .  CO .  CO  .  C^H^  (p.  379). 

Diphenyl  Tetraketone,  QJl\  .  CO .  CO .  CO .  CO .  C^H^. 

Hydroxylamine  forms  but  one  i^-dioxime  [CjH5C(NOH)CO]„  melting  at  176°  with 
decom{x>sition  ;  the  2^ydioxime  or  dibenzoylf^lyoxime^  ^^^5*  COC(NOH)C(NOH)CO- 
cr^Hj,  melting  with  decomposition  at  108°,  results  from  the  reduction  of  its  peroxide, 
which  is  formed  in  the  interaction  of  nitric  acid  and  acetophenone.  Hydroxylamine 
converts  the  2,3dioxime  into  diphenyltetraketoxime^  QH5[C(NOII)]4CjH5,  melting  at 
225®  (B.  26,  528). 

Carboxylic  Acids  :  a-Phenylcinnamenyl  Acrylic  Acid,  C^H^CH  :  CH .  CII :  C- 
(C^H^)CX50H,  melting  at  188^,  and  its  dioxymethylene  derivative,  a- Phenyl  Piperic 
Acid,  melting  at  209*^,  are  obtained  from  cinnamic  aldehyde  and  pipcronyl  acrolein  with 
phraylacetic  acid  by  means  of  Perkin's  reaction  ^B.  28,  1189). 

The  ester  of  benzoyl  phenacyl-acetic  acia,  a  fi  dibenzoyl  propionic  acid,  QH^  .  - 
CO.CH,.  CH(CO.  CeH,)COOR,  is  obtained  from  benzoyl  acetic  ester  with  phenacyl 
bromide  (p.  249).  In  the  ketone  decomposition  it  jrields  diphenacyl  (p.  38^^  "*  '^ 
the  add  decompositioo,  benzoyl  propionic  acid  (p.  260)  and  benzoic  «id^ 
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dibenzylketone,  melting  at  240-242^,  may  be  referred  to  benxojrlozaljIpheDyl- 
acciic  acid.  C,Hj .  CH, .  CO  .  CO .  CH(C,H  J .  COOH,  isomeric  with  dibenrojlpropiooic 
acid.  It  is  fonned  on  heating  oxalyUlibenzylketone  (p.  378)  beyond  its  mdtmg  pant 
(A.  284,  293) : 

CjUjC :  C(OH) .  CO  .  CH  .  C,H,  C;H,C  :  C(OH)  .  C :  CH  .  C^Hj 

"^^^--CO'-''"^  ^       to— 6 

Alkalies  convert  isoxalylbenzylketone,  just  like  polvic  add  richer  in  00l|,  into  dibemjl 
glycollic  acid. 

Dibenzylidene  Succinic  Acid,  C.IIjCH  :C{COOH) .  C(COOH)  :  CHC,H„  meltiiie 
with  decomposition  at  201 ''y  and  benzylidene->-diphenylitaconic  acid,  (UU|),C:C* 
(( :( K)II)  .  C(C(X)H) :  CH .  C,Hg,  are  obtained  by  the  condensation  of  succmic  ester  (I) 
with  two  molecules  of  benzaldehyde,  and  (2)  with  bennphenone  and  benzaldebTde  by 
means  of  sodium  ethylate  (B.  30,  94). 

C-H..CO.CH.CO,H 

Dibenzoyl  Succinic  Acid,  ^•^'  ^^    CO  H*    ^*» ^^^'^'''^»  "'^^ "^ '*9  • 

is  obtained  from  sodium  benzoyl  acetic  ester  by  the  action  of  iodine,  jnst  as  we  form  di* 
aceto-succinic  ester  from  acetoacetic  ester.  By  the  elimination  of  water  there  resalts 
liiphmyl'furfurane  dicarboxylic  ester.  The  esters  of  the  acid  appear  in  three  fonns,  of 
which  the  unstable  (labile)  variety,  soluble  in  alkalies,  is  probably  the  enoMbnn,  [QH}- 
C(()II) :  C(CO()H-],,  while  the  other  two  represent  thesyn-  and  anti-modifications  of  the 
kftoform  (B.  29,  R.  962). 

Diphenyloxalyl  Diacetic  Acid,  Diphenylketipie  And^  COOH  .  CH(C;Hj)CO.C0.- 
(11  ( C  -f  Hj)COOI  I ,  is  isomeric  with  dibenzoylsuccinic  acid.  Its  dinitrile^  meltmg  it  270** 
witli  (lec()m|X)sitiun,  is  produced  by  the  condensation  of  oxalic  ester  with  two  molecales 
of  l)enzyl  cyanide.  When  saix)nified  with  hydrochloric  or  sulphuric  acid  it  yields  not 
tlie  free  acid,  t)ut  passes  at  once  into  its  anhydride,   a    monolactone^  Pulvic  Acid, 

one  .  CH(Cgn3,)CO  .  C  :  C(C5nj)COOH,     melting     at     214®,    and    a    dUactm, 

( )OC .  C(C5l  I5)  :  C.  C  :  C(C,H5)C00.     PuWic  acid  may  also  be  prepared  from  Vulpic 

Acid,  Ciyllj^Os,  consisting  of  yellow  prisms,  melting  at  ilo^,  and  found  in  a  certain 
moss  and  in  the  lichen  Cetraria  vulpina^  by  boiling  it  with  lime-water.  Sodium  ethylate 
converts  pulvic  acid  back  into  salts  of  vulpic  acid.  The  latter  is  therefore  very  probably 
to  l)c  rcj^ariied  as  a  methyl  ether  of  pulvic  acid  (B.  27,  R.  S69;  A.  288,  I4).  Zinc- 
dust  and  ammonia  reduce  pulvic  acid  to  Hydrocomicularic  Acid,  a^A'DipheMyl-Uvu- 
linic  Acid,  Cftl  I., .  CIlj  .  CO .  CH,  .  CH(C8l{5)COOH,  melting  at  1340.  DisUlIed  with 
lime,  it  yields  p^ienylethyl benzyl  ketone  (p.  380),  and  when  heated  with  caustic  potash 
the  products  are  toluene  and  phenylsuccinic  acid  (p.  262).  Boiling  alkalies  decompose 
pulvic  and  vulpic  acids  into  2COj  and  dibenzylglycollic  acid.  If  it  be  assumed  that 
diphenylketipie  acid  is  formed  at  first,  then  this  reaction,  discarding  the  evolution  of 
CO2,  is  an  analogue  of  the  benzilic  acid  transposition  (p.  374): 

C,H,  .CH(COOH) .  CO  _^H,q_.  C.H,.  CII,x 

c,ii, .  CH(cooH) .  io      -^««      ^q,H,.  CH,/^^^"^^^"- 

Ethane-dibenzoyl-o, -dicarboxylic  Acid,  COOH  .  C^H^CO  .  CH, .  CH. .  CO . - 
Cgll^ .  COOH,  is  another  isomeride  of  dil)enzoylsuccinic  acid.     It  melts  at  160®.    _nis 

made  by  boiling  ethine  diphthalyl,  6.  OC  .  C^H^.  C  :  CH  .  CH  :  6.  C^H^.  COO, 
melting  alx)vc  350°,  the  dilactone  corresponding  to  it,  with  alkalies.  Ethine  diphthalyl 
results  from  the  contlensation  of  two  molecules  of  phthalic  anhydride  with  succinic  add 
when  two  molecules  of  carl)on  dioxide  are  split  on  (B.  17,  2770).  Sodium  alcoholatc 
rearranges  it  into  bisdiketohydrindene  (p.  388). 
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VII.  »,«»-DIPHBNYLPBNTANB  GROUP. 

The  hydrocarbons  of  this  group  are  not  known. 

Ketones  :  Dibenxylidene  Acetone,  C,HjCH :  CH  .  CO  .  CH  :  CH  .  C^Hj,  yellow 
needles,  melting  at  112^,  is  formed  when  acetone  and  benzaldehyde  are  treated  with 
sodium  hydroxide.     In  the  first  step  benzal  acetone  is  produced  (p.  272) : 

CH,.CO.CH,^*^^^^^>C,HjCH:CH.CO.CH,^5^^^^^>C,H5CH:Cn.CO.CH:CH.C5ll5. 

Di-o-cumarketone,  (OHC-H^CH :  CH),CO,  melting  at  160°,  is  produced  in  the  form 
of  its  diglycose  compound  by  the  condensation  of  belicine  (see  this)  with  acetone.  Cin- 
namylidene  Acetophenone,  C^H^CH  :  CH  .  CH  :  CH  .  COC^H^,  from  cinnamic 
aldehyde  and  acetophenone,  melts  at  103^;  its  oxime,  melting  at  131^,  is  condensed  to 
aa,-diphenylpyridine  upon  the  application  of  heat  (H.  28,  1730). 

1,5-Diketones  of  this  group  are  obtained  by  condensing  benzaldehydes  (i  mol.)  and 
aceto^enones  (2  mols.)  with  sodium  hydroxide:  benzylidene  diacetophenone, 
C|H5CH(CH, .  CO .  QH5),,  melting  at  85°,  and  o-oxybenzylidene  diacetophenone, 
(OH)[2]CgH4(CH, .  CO .  C^Hj),,  melting  at  131®.  By  varying  the  conditions  and  con- 
densing two  molecules  of  benzaldehyde  with  three  molecules  of  acetophenone,  two  iso- 
meric dibensylidene-triacetophenones,  (C0HjCH)2(CH2COC0H5)3,  melting  at  198° 
and  256®  respectively,  are  produced. 

BenzaLmBione^  Benzylidenebisdesoxybenzoln,  C,H5COCH(C,H5)CII(C-H5)  .  CII(C,- 
H|^)COCgH5(?),  exists  in  two  modifications,  melting  at  219°  and  180°.  It  is  prepared 
by  condensing  benzaldehyde  with  desoxybenzoln,  as  well  as  by  the  addition  of  desoxy- 
benzoln  to  benzylidenedesoxybenzoln  (p.  379)  by  the  aid  of  sodium  ethylate.  Similarly, 
desoxybenzoln  attaches  itself  to  the  unsaturated  unions  of  other  olefine  derivatives — 
^'  ^'9  (x-phenylcinnamo-nitrile,  benzalacetoacetic  ester,  benzalbenzoylpyroracemic  ester, 
etc  (B.  25,  1087).  By  decomposition  with  sodium  ethylate  benzamarone  yields  the 
sodium  salt  of  amaric  acid^  C^H^qO,,  and  with  sodium  isobutylate  it  forms  dimethyl- 
amaric  acid^  C-H,pO,  (A.  275,  50). 

The  dry  distillation  of  benzamarone  produces  desoxybenzoln,  benzylidene  desoxyben- 
zoln, and  a  body  isomeric  with  the  latter  (B.  26,  818).  Hydroxylamine  changes  it  quite 
readily  into  pentapkenyl^yridine, 

Carboxyl  derivatives  of  the  cj,G)-diphenylpentane  group  :  Diphenacyl  Acetic  Acid, 
(C^HjCOCH,),CH  .  C0,H,  melting  at  133°,  is  obtained  from  diphenacyl  malonic 
cater,  (C,H5COCH,),C(CO,R),,  or  diphenacyl  acetoacetic  ester,  (CgH5COCH2),C- 
(COCHJCOOCjHj,  melting  at  83®,  the  reaction-products  from  phenacyl  bromide  upon 
malonic  ester  and  acetoacetic  ester  (B.  22,  3225).  Diphenacyl  acetic  acid,  being  an 
e-diketone,  fonns  a/^Viif^-derivative  with  ammonia  (B.  29,  798). 
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Ozalyldiacetophenone,  C^HjCOCH.COCOCHjCOCgHj,  melting  at  180°,  is  formed 
in  the  condensation  of  two  molecules  of  acetophenone  and  oxalic  ester  with  sodium 
alcoholate.     Consult  B.  28,  1206,  for  the  reduction -products  of  this  tetraketone. 

(j,ci»-Dipbenyl  Diketohexane,  (C«HjCOCH,CH,),.  Diphenyl  Diketo-octane, 
(C-HjCOCH,CH,CH,)„  and  Diphenyl  Diketononane,  (C^H^CO.  CH, .  CH,.  CH,),- 
CH,,  are  prepared  from  the  chlorides  of  adipic  acid,  sebacic  acid,  and  azelaic  acid  by 
means  of  benzene  and  aluminiufn  chloride  (B.  29,  R.  11 57).  Cinnamylene  benzyli- 
dene acetone,  CH^CH  :  CH  .  CH :  CH  .  COCH  :  CUCgH^,  melting  at  106°,  is  derived 
from  WyiiKdiphenyTheptane.  It  is  formed  from  cinnamylene  acetone  and  benzaldehyde 
(B.  SQ.  61 0. 
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B.  CONDENSED  NUCLEI. 


The  condensed  nuclei  to  be  discussed  in  the  following  section  are  char- 
acterized by  the  fact  that  in  them  C-atoms  of  benzene  nuclei  participtte 
in  the  formation  of  other  carbocyclic  rings — e.g.  : 
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Anthracene. 


Although  these  condensed  nuclei,  as  a  rule,  continue  to  manifest  their 
aromatic  character,  they  do,  in  harmony  with  their  peculiar  structure,  ex- 
liil)il  in  their  l)ehavior  a  series  of  wide  differences  from  the  true  benzene 
compounds  (see  naphthalene).  They  are  eventually,  by  suitable  oxida- 
tions, changed  like  the  homoiognes  of  benzene  into  benzene  carboxylic 
acids.  'I'he  parent  hydrocarbons  of  these  groups  occur,  like  benzene, 
chiefly  in  coal-tar,  from  which  they  are  obtained  in  greater  or  lesser 
amount.  Naphthalene  is  technically  important ;  this  is  especially  true 
of  anthracene,  the  hydrocarbon  of  alizarin. 

The  carbocyclic  <lerivatives  of  the  tri-,  tetra-,  and  pentamethylene  series  constitnte  the 
transition  from  the  fatty  bodies  with  open  chain  to  the  benzene  derivatives.  SimiUrly, 
the  iiKlene  and  the  hydrindene  coin]K>unds  form  the  transition  niemliers  from  the  fatty- 
aromatic  substances  with  open  side-chains  to  those  which  contain  several  condensed  ben- 
zene nuclei.  They  represent  the  coalescence  of  a  benzene  nucleus  with  the  five-mem- 
brred  peniene.  Very  probably  pseudophenyl  acetic  acid  (p.  196)  contains  a  united  ben- 
zene and  trimethylene  ring. 


INDENE   AND  HYDRINDENE  GROUP. 
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Indene  has  received  its  name  from  indol,  because  of  its  similarity  to  the  latter  io 
structure.  Hy  introducing  NH  for  the  methylene  group  of  indene  the  fonnula  of  iDdol 
results. 

Indene,  C^II^,  is  an  oil,  boiling  at  178°  ;  its  specific  gravity  equals  1.040  at  15**.  1' 
occurs,  together  with  coumarone,  to  which  it  is  very  similar  in  its  behavior  (B.  a8,  114). 
in  that  fraction  of  coal-tar  boiling  at  176-182*',  and  can  be  extracted  from  it  by  means  of  its 
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picric  acid  deriyatlTC  (B.  23,  3276).  Very  appreciable  amounts  of  indeoe  are  also  present 
ID  the  coodensation  products  resulting  from  the  chilling  of  illuminating  gas  (B.  28, 
1331).  It  can  also  be  obtained  by  the  distillation  of  the  calcium  salt  of  synthetic  hydrin- 
deoe  carboxylic  acid  (p.  387)  (B.  27,  R.  465).  Sulphuric  acid  resinifies  indene. 
Cliloirine  and  bromine  unite  with  it  to  dibrom-  and  dichlorhydrindenes.  Like  the  ter- 
penes  (p.  309),  it  also  combines  with  NOCl  and  N,0.,  forming  indene  nitrosites,  the 
tt-variety  melting  with  decomposition  at  108^,  and  the  jSform  at  137°  (B.  28,  1331). 
Metallic  sodium  and  alcohol  reduce  indene  to  hydrindene.  When  heated  to  redness  two 
molecules  of  indeoe  unite,  with  the  exit  of  four  hydrogen  atoms,  to  chrysene  (see  this).- 
Bs.-Brom-indene,  (LH,Br(C,H^),  boiling  at  243°,  is  formed  from  hydrindene  and  bro- 
"      51).    ity 


>  (B.  26,  2251).    It  yields  bromphthalic  acid  upon  oxidation. 

Indene  derivatiTes  are  obtained  synthetically  by  the  following  methods,  which  to  some 
extent  recall  the  syntheses  of  the  pentamethylene  compounds : 

(l)  Benzene  compounds,  having  the  group  C^H^ .  C .  C  .  CO,  split  off  water  and  con- 
dense to  indene  derivatives :  (a)  Nitro-a-alkyl  cinnamic  aldehydes  yield  aqiido-jS-alkyl 
indenes  (B.  22,  1830): 

Nitro-a-methylclnuamic  Aldehyde  AmidcHi-metbylindene. 

Similarly,  benzyl  acetone  and  benzyl  acetoacetic  ester  yield  y-methyl indene  and 
^-methylindene-^-carboxylic  acid  (B.  20,  1574;  A.  247,  157)  when  they  are  heated  with 
salf^aric  add : 

OC  — CH,  /C 

^"'\CH>CH: ^^.»<CH,. 

Benzyl  Acetone  y-Methyl  Indene 

^  „      OC  — CH,  ^  ,^  /C^E^^CH, 

Benzylacetoacetic  Acid  Methylindene  Carboxylic  Acid. 

(b)  Substituted  cinnamic  acids  yield  indone  derivatives  when  they  are  treated  with 
hot  sulphuric  acid,  just  as  the  hydrocinnamic  acids,  alkylized  in  the  nucleus  and  in  the 
side-chain,  3ield  dthydroindones.  Cinnamic  and  hydrocinnamic  acids  themselves  react 
with  as  little  readiness  as  cinnamic  aldehyde  (A.  247,  140 ;  B.  25,  2095,  2129): 

Dibromcinnamic  Add  Dibromindone 

HOCO\  /CO  \ 

^"»\CH  -/^"  •  ^'"^  "■^^•"*\CH,)^"  •  ^"» 
a^Phenylhydrocinnamic  Acid  ^-Phenylhydrindone. 

J 2)  The  hydrindene  derivatives  have  been  obtained  in  the  same  manner  as  the  tetra- 
pentamethylene  derivatives  (p.  21) :  by  the  action  of  xylylene  halides  upon  malonic 
ester  and  sodium  alcoholate  (B.  17, 125  ;  z8,  378) : 

^«*<cll:lj+  CN^<^g;|=C^H.<CH.>C<Cg.R 

(3  a)  The  formatioD  of  a^-diketohydrindenes  from  o-phthalic  esters  and  latty  acid 
erten  or  ketones  (A.  252,  72 ;  B.  27,  104,  R.  19)  corresponds  to  the  condensation  of 
oxalic  eaten  to  pentamethylene  derivatives : 

C;H,<^|  +  H,C .  CO,R >  q,H,<^g>CH .  CO.R. 

11—33 


^.S6  OKGANIC  CHUOSTST. 

yC=CH 
(3  b)  The  phthalide  compoands  (pp.  240^  290)  of  die  fennoU  C^Hy      yo 

formed  from  phthalic  anhydride  and  fioty  adds,  are  tnuupoMd  bj  sodium  ■i^i^****  i 
the  sodium  dehvatiyes  of  the  isomeric  diketohTdnndenes  (B.  afi,  954,  2576) : 


niBr 


(4)  The  formation  of  dihjrdroiDdooes  bj  the  disdDadon  of  salts  of  o-pheoykK 
diacetic  acid  and  o-hTdrocinnamic  acid  (B.  a6,  222,  R.  70S)  cofTCspoods  to  the  cyclic 
ketone  fonnaiioo  of  dicarboxjlic  adds  of  the  adipic  add  series  (p.  21) : 

{$)  The  formatioo  of  iodene  derivatives  from  oaphthmlene  deriTatives  is  ntber 
remarkable ;  a  six-membcred  benzene-nng  is  rearranged  to  a  ring  of  five  members- 
similar  to  the  production  of  pentamethylene  derivatives  from  the  benzenes,  or  flaofcne 
compounds  from  phenanthraquinone.  This  change  occurs  by  the  action  of  chkxiiie  or 
hy|KK:hIorous  acid  upon  the  naphthols,  naphthoquinones,  amidonaphthols,  etc.    The  fiist 

product   consiNts  of  naphthalene  keto-derivatives  with   the   groups CO.CX)—  or 

CO  .  CC 1, —  ;  these  sustain  the  decomposition  (B.  ao,  2890 ;  ax,  2719).  Thus,  dicfalor- 
,)- naphthoquinone  yields  dichlorox3riodene  carbozylic  add : 

yCO.H 

^•"*\cci=<!:ci  ^  ^"*\cci==^^^ 

DichlorWS-naphtboquinoDe  Dichlorozyindeite-carboxyUc  Acid. 

Indene  DfHiiUhes :  >  Methyl  Indene,  C,H^ :  C,H, .  CH„  boiling  at  206^,  is  ob^ 
tainf'd  synthetically  from  ben/yl  acetone,  and  by  the  elimination  of  CO,  from  its  car- 
lK)xylic  acid.  hz.'Amii/o-^'fnf/M;  ethyl- ^  isopropyl  indents  melt  at  98®,  89**,  and  84' 
(sec  above)  respectively. 

;'?-Indene  Carboxylic  Acid,  C^H^ :  C,Hj .  CO,H,  melting  at  222-230®,  is  produced 
hy  the  action  of  bromine  at  100°  upon  a  chloroform  solution  of  hydrindene  carboxylic 
acid  (see  below). 

>- Methyl. ^indene  Carboxylic  Acid,  melting  at  200®,  is  obtained  from  benzyl- 
acctoacetic  ester. 

,^,>-Dichlora-oxyindene  Carboxylic  Acid,  melting  at  100®,  is  obtained  from 
/?  (lichlomaphthoquinone.  Chromic  acid  oxidizes  it  to  dichlorindone.  It  is  changed  to 
chlorindone  carboxylic  acid  when  digested  with  concentrated  sulphuric  add  (B.  28,  R. 
279). 

a„^.Diphcnylindonc,  Q^^\^.^*    * /^(^e^s)*   g»met-red   crystals,  melting  at 

*5'°»  is  produced,  together  with  triphenyl acrylic  acid  (p.  378),  when  benzophenooe  chlo- 
ride is  condensed  with  phenylacetic  ester.  It  yields  triphenyl  propane  upon  reductioD. 
It  is  decomposed  into  a,/?-diphenylvinyl-o-benzoic  acid  when  fused  with  caustic  potash. 
It  can  be  recovered  from  this  as  well  as  from  triphenylacrylic  acid  on  heating  with  vja 
chloride  (R  30,  1281). 

/^,>'  Dichlor-  an<l  Dibromindone,  C^H^tCBrjO,  melting  at  90*^  and  123®,  have 
l>cen  obtained  synthetically  from  dichlor-  and  dibromdnnamic  acids.  The  y-chlofinc 
atom  in  these  ccim|K)unds  is  readily  replaced  by  OH  or  NHR  on  digesting  Uiem  with 
caustic  s(kU,  or  fatty  or  aromatic  amines.  /?-Chlor-  and  /3-Brom->--oxyindone  melt  at 
114°  and  1190.     /?  Chlor-  and  Bromanilido-indone  melt  at  204^*  and  170^. 

Perchlorindone,  C^Cl^:  C:,CI,0,  melting  at  149°,  is  produced  by  a  peculiar  reaction 
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kom  a  peH/efu-denvaiive,  hexachloroxy-R-pentene  carboxylic  acid,  the  decomposition 
product  of  hexachlordiketo-R-hexeoe,  on  digesting  it  with  water  or  with  a  solution  of 
lodiam  acetate  (A.  272,  243;  B.  28,  521) : 

cci  =caN.^/OH       ,^^    cci  =  cci  — c— cci^^_      ^^      ^„_ 
CO,  — ca/   ^co,H  cci  =  cci— c— co^ 

HeiUKhloroxypentene  Perchlorindone. 

Carboxylic  Acid 

Hydritideni  Derivatives:  Hydrindene,  C^H^ :  C5H,,  is  an  oil,  boiling  at  177®.  It 
results  when  indene  is  reduced  with  sodium  and  alcohol. 

Dichlorhydrindene  is  an  oil.  Dibromhydrindene,  C^II^ :  C^II^Br,,  melts  at  44°. 
They  yield  chlor-  and  bromozyhydrindenes,  melting  at  129^  and  131^,  when  digested 
with  water.  Ammonia  converts  the  latter  bodies,  in  the  cold,  into  amido-oxyhydrin- 
dene,  melting  at  133^,  which  nitrous  acid  transposes  into  /?,y-diozyhydrindene,iy</r>if- 
deru glycol,  C^H^ :  <^H.(OH)„  melting  at  I20«  (B.  26,  1539). 

Hydrindene-y3-metnyl-,  ethyl-,  and  phenylketones  are  formed  in  the  distillation 
of  hydrindene  carboxylic  acid  with  benzoic  acid,  propionic  acid,  and  acetic  acid  (B.  26, 
MSI). 

Hydrindene-jS-carbozylic  Acid,  CgH4fCH,),CII .  CO,H,  melting  at  130°,  is  con- 
verted by  distillation  of  its  salts  into  indene,  oy  bromine  into  indene-carboxylic  acid,  and 
is  oxidized  by  KMn04  to  o-carbophenylglyoxylic  acid  (p.  265).  It  results  when  CO,  is 
eliminated  from  hydrindene-^-dicarbozylic  acid,  melting  at  199^.  The  ester  of  the 
biUer  acid  may  be  obtained  synthetically  from  xylylene  bromide  and  malonic  ester. 

/3-Acethydrindene  Carboxylic  Ester,  CeH4(CH,),C<^^^«,  is  obtained   from 

xylylene  bromide  and  acetoacetic  ester. 

CH 
a-Hydrindone,  CgH4<pQ*>CH,,  melting  at  41°  and  boiling  at  244°,  is  obtained  in 

the  dry  distillation  of  o-carbohydrocinnamic  acid  (p. '245)  as  well  as  from  o-cyanhydro- 
cinnamic  ester  (p.  245)  upon  digesting  with  concentrated  hydrochloric  acid.  The  phenyl- 
kydrazone  melts  at  131°.  The  oxime,  melting  at  146®,  is  changed  by  reduction  to 
a-amidohydrindene,  melting  at  220^,  which  N,0,  converts  into  a-oxy hydrindene,  melting 
at  54®  (B.  26,  R.  708).  Phosphorus  pentachloride  converts  a-hydrindonoxime  into 
hydrocarbostyril  (Beckmann's  transposition)  (B.  27,  R.  598) : 


^    *\C(NOH)/ 


)/      *  •    *\NH  —  CO 


Hydrindone  Azine,  C^Hg :  N  .  N :  C,Hg,  mehing  at  165^,  results  from  the  action  of 
hjdrazioe  upon  the  oxime.     Nitrous  acid  converts  hydrindone  into  isonitrosohydrin- 

CH 
done,  C^H4<^Q*>C  =  NOH,  melting  with  decomposition  at  210®.     This  phenylhy- 

drazine  changes  to  an  osazone,  melting  at  229°.  The  latter  is  isomeric  with  the  dihydra- 
zooe  obtained  from  a,y-diketohydrindene.  It  yields  /3-amido-a-hydrindone  when  it  is 
reduced  (B.  29,  2605,  R.  869;  C,  1897,  i,  860). 

When  0-,  m-,  and  p-methylhydrocinnamic  acids  are  heated  they  yield  o-,  m-,  and  p- 
Methyl-a-hydrindones.  'Fhe  constitution  of  the  latter  is  deduced  from  their  oxidation 
to  the  various  methyl-o-phthalic  acids.  Bz.-Chlor-,  brora-,  iod-,  and  nitrohydrin- 
dones  behave  similarly  (B.  25,  2095). 

/3-li«thyl-a-hydrindone,  melting  at  168^  (11  mm.),  and  /9-Phenyl-a-hydrindone, 
laelttog  at  78^,  are  obtained  from  a-methyl  and  phenylhydrocinnamic  acids.  When  its 
etheiea]  solution  is  shaken  with  caustic  soda  ^-phenylhydrindone  is  changed  partly  to 
^-pbenyloxyhydrindone,  melting  at  129°,  and  in  part  by  rupture  of  the  ring  into  des- 
ozybenzoln-o-carboxyltc  acid,  C,H4(CO.  OH) .  CH,  .  COC^Hg  (p.  376)  (B.  a6,  2095). 
y-Phenyl-a-hjfdrindone,  melting  at  78^,  is  prepared  from  )9,^-diphenyl-propionic  acid 
(B.  26,  2128). 

TctrachlcMr-a-hydrindone,  C^H^ :  CgG^O,  melting  at  108^,  is  the  addition  ^tnd>^cv  ^S. 
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chlorine  and  dichlorindone  (p.  387).  It  is  readily  deoomposcd  bj  digcsUoo  with  ako- 
holic  sodium  hydrate  into  o-trichlorvioylbemoic  acid  (p.  273).  Chlordibiom-hydriii- 
done-)  carboxylic  Acid,  C.1I«:  [C,ClBr,0(COOH)],  melting  at  lyi^  is  made  fraa 
chlcirindone-}  carboxylic  acid  (p.  387)  and  bromine.  It  is  similarly  decompoied  into 
bronichlorniethylene-homophthaJic  acid  (p.  393). 

.fHydrindone,  C^f  l^(CIi2),CX),  melting  at  61^  and  boiling  with  decomposition  it 
220-225^,  is  obtained  from  calcium  o-phenylene  diacetate  (p.  245).  Its  kydrasemi mAti 
at  120^.  Us  oxime^  melting  at  155**,  yields  fi-amuiokydrimdetu  npoo  rednctioD  (B.  aft, 
R.  709). 

cx,>Diketohydrindene,  CgH4(CO)2CII,,  melting  with  decomposition  at  130^,  is 
obtained  from  its  carboxylic  acid  (below).  It  consists  of  colorless  needles,  whuh  db- 
solve  readily  with  a  yellow  color  in  alkidies.  The  hydrogen  atoms  of  the  methylene 
groups  placed  between  the  two  keto-groups  have  an  acid  nature.  Phenylhydrazine  con- 
verts it  into  a  monohydrazone,  melting  at  163®,  and  a  dikydrttzone^  C-H.(C:NNH- 
('^1 1 j)2ClI,,  melting  at  171^.  Diazobenzene  chloride  converts  the  monohydrazone  into 
a  triketohydrindnte^  C,H^(CO),C ;  NNHCj,U|,  which  is  also  prepared  by  the  decompo- 
sition of  beptzaldiketohydrindene^  C^Hf(C(3),C  ^  CHC^H^  a  ccmdensation  |»odiict  of 
bcnzalilchyde  and  diketuhydrindene,  with  phenylhjrdrazine. 

3,4-Dioxybenzaldiketohydrindene,  melting  at  257^,  and  prepared  by  the  cooden- 
sation  of  protocatechuic  aldehyde  and  diketohydrindene,  is  a  dye  (B.  30,  1 185).  When 
diketohydrindcne  is  digested  alone,  or  when  it  is  boiled  with  water,  anhydrobisketo- 

hydrindene,  C,Hj(CO),C  =  C<^l'*>CO,  is  formed.     This  yields  intensely  colored 

metallic  derivatives,  l^enylhydrazine  resolves  this  substance  into  two  molecules  of 
diketohydrindenc-dihydrazone  (A.  277,  362). 

/f  Methyldiketohydrindene,  C,H«(CO),CH  .  CH„  melting  at  8$^,  is  prepared  from 
its  carl)oxylic  acid,  as  well  as  by  the  rearrangement  of  ethidene  phthalide  (p.  286). 
Methyl  iodide  converts  its  sodium  derivative  into  /^-dimetbyldiketohydrindene,  QH^- 
(CX)),C(CIl3)2«  which  can  also  be  obtained  by  the  action  of  methyl  iodide  upon  thedi 
s<KliuMi  compound  of  the  diketohydrindene-carboxylic  acid.  /3-Phenyldiketohydrin- 
dene,  melting  at  145°,  is  made  from  benzalphthalidc,  and  Bisdiketohydrindene,  C,H,- 
(('( ))./'!  I  .(.'H  .  (r())2C„H^,  from  ethine  diphthalyl  (p.  382).  The  latter  consists  of 
violci-colored  needles,  melting  above  350°  (B.  26,  2576;  29,  2376).  Potassium  per- 
sulphate oxidizes  {K)tassium  diketohydrindene  to  diphthalyl  ethene,  CgH^(CO)•C:C■ 
(('(  ))•/ V'4'  wliich  has  been  designated  indenigo  because  its  structure  resembles  that  of 
indigo.  It  forms  alizarin-red  needles,  which  sublime  with  decomposition  at  200^  (B.  30, 
386). 

/^ Acetyl-  and  Benzoyldiketohydrindene,  C,H^(CO),CH  .COR,  melting  at  110° 
and  ioS°,  are  formed  from  phthalic  esters  with  acetone  and  acetophenone.  They  spp^v 
to  l>e  very  easily  decomposed  by  alkalies  (B.  27,  104). 

/^Dichlordiketohydrindene,  CgII^(CO),CCl„  melting  at  125®,  is  produced  by  the 
action  of  chlorine  upon  >-oxychlorindone  (p.  387).  Dilute  caustic  soda  decomposes  it 
quite  readily  into  o-phthalic  acid  (B.  21,  4<3l,  2380). 

Diketohydrindene  Carboxylic  Ester,  CgH^(CO),CH  .  CO,R,  melting  at  75-7S*. 
formed  from  phthalic  ester  by  means  of  acetic  ester  and  sodium  alcoholates,  is  converted 
very  readily,  just  like  the  preceding  acid,  into  diketohydrindene  (B.  26,  954). 

/?-Methyldiketohydrindene-carboxylic  Ester,  (^H4(CO),C(Cn,)CO,R,  is  formed 
from  phthalic  ester  and  propionic  ester. 

Fluorene  is  a  dibenzopentene  resulting  from  the  union  of  the  pentene 
nucleus  with  two  benzene  nuclei.  It  will  be  considered  in  conjunction 
with  chrysene-fluorene  and  picene-fluorene  after  the  condensed  nuclei  of  the 
phenanthrene  group  (pp.  413,  416) — phenanthrene,  chrysene,  and  picene 
— to  which  the  two  first- named  bodies  are  intimately  related. 
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t.  NAPHTHALENE  GROUP.* 

Garden  (1816)  discovered  naphthalene,  CjoHg,  among  the  distillation 
products  of  coal-tar.  It  shows  great  similarity  to  benzene,  from  which 
it  differs  in  constitution  by  C4H,.  Like  benzene,  it  is  produced  by  the 
action  of  intense  heat  upon  various  carbon  compounds ;  hence  its  oc- 
currence in  coal-tar.  Numerous  derivatives  are  obtained  from  it  by  the 
replacement  of  its  hydrogen  atoms ;  they  are  very  similar  to  the  benzene 
compounds.  Only  the  most  important  of  them  will  be  considered  in 
the  following  sections. 


CONSTITUTION  OF  THE  NAPHTHALENE  NUCLEUS. 

The  deportment  of  naphthalene  is  satisfactorily  explained  by  the  for- 
mula first  suggested  by  Erlenmeyer,  Sr.  (A.  137,  346): 


It  consists  of  two  benzene  nuclei,  having  in  common  two  carbon 
atoms  occupying  the  ortho  position.  Graebe  (1866)  proved  the  correct- 
ness of  the  formula  (A.  149,  20). 

The  oxidation  of  naphthalene  to  o-phthalic  acid  shows  the  presence  of  a  bensene 
ouclens  (pp.  36,  239).  Further,  the  oxidation  of  dichlomaphthoquinone,  C^H^  :  C^CU^, 
also  yields  o-phth^ic  acid.  If,  however,  dichlomaphthoquinone  is  converted  by  PG^ 
into  tetrachlomaphthalene,  this, upon  oxidation,  will  become  tetrachlor-ophthalic  acid. 
In  the  second  instance,  therefore,  the  benzene  nucleus,  which  in  (he  Brst  case  was  unat- 
tacked,  is  now  oxidized.  A  perfectly  similar  method  of  demonstration,  to  which  refer- 
ence has  already  been  made  (p.  36),  is  as  follows  :  Nitronaphtbalene,  obtained  by  nitra- 
tion of  naphthalene,  yields  nitroo-phthalic  acid ;  whereas  amidonaphthalene,  resulting 
from  the  reduction  of  the  preceding  nitronaphthalene,  yields  o-phthalic  acid : 


COOH 


COOH 
CXX)H 


Hence  it  follows  that  naphthalene  most  consist  of  two  symmetrically  condensed  ben- 
i  nuclei.     For  other  formulas,  like  the  central  formula  of  Bamberger,  the  formula  of 
Aimstrong,  etc.,  consult  B.  23,  R.  337,  692  ;  24,  R.  651,  728  : 


Bamberger. 


Armstrong. 


*"Tabellflnsche  Uebersicht  der  Naphtalinderivate  "  von  Reverdin  und  Fulda,  Basel, 
Genf,  Ljoo,  1894. 
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Isomerisms  of  the  Nspbthalene  Derivatives. — ^The  isomerisnis  of  the  derifitifcs 
of  naphthalene  conditioned  by  this  fonnnU  agree  with  the  lacts.  The  tnhilinifnts  ait 
deugnated  according  to  the  diagram : 


TO 


The  replacement  of  an  H-atom  in  ni^thalene  can  give  rise  to  two  isomeric  mono- 
derivatives,  distinguished  as  a-  and  /9-denyatives  according  as  the  snbstitnent  is  adjacent 

to  the  complex      I      common  to  both  groups,  or  separated  firom  it  by  a  CH-groap.    Tbe 

/^\ 
lK>sitions  I,  4,  5,  8  (o„  o„  a,,  a^)  on  the  one  side,  and  2,  3,  6,  7  (/3„  /J,,  ft,  3^  m 
equivalent.     Liebermann  (A.  183,  254)  and  Atterberg  (B.  g,  1 736)  have  adduced  proof 
of  the  equivalence  of  the  four  a-positions.    The  method  adopted  is  similar  to  dut 
followed  in  demonstrating  the  equal  value  of  the  benzene  hydrogen  atoms  (p.  32). 

Whether  a  substituent  occupies  the  a-  or  /3- position  is  mainly  determined  by  its  oxida- 
tion to  a  corresponding  o-phthalic  acid  derivative.  Thus,  if  [  1,2,3] -nitrophthalic  add 
is  obtained  from  o-nitrophthalene,  the  nitro-group  must  consequently  be  adjacent  to  the 
contact  position  of  the  second  benxene  nucleus  in  naphthalene.  The  constitution  of  a- 
oxynaphthalene  or  a-naphthol  is  evident  also  from  its  S3mthesb  by  means  of  phenjl- 
isocrotonic  acid,  C^H^ .  CH :  CH .  CH,  .  COOH  (p.  278).  Besides,  only  a-derivatives  of 
naphthalene  can  be  converted  into  quinones  analogous  to  p-benzoquinone,  as  these  alooe 
possess  a  free  H-atom  in  the  para-positicm  with  reference  to  the  substituent  This  latter 
circumstance  also  determines  still  other  peculiarities  in  the  behavior  of  the  compounds  of 
naphthalene — e.  ^^ ,  the  power  of  the  naphthols  and  naphthylamines  to  unite  with  diaio- 
Ixxlies,  <'tc.  (p.  401). 

The  disubstitiition  products  of  naphthalene,  when  the  substituents  are  similar,  can 
oxi^t  in  ten  isomeric  forms,  which  are  designated  by  numbers  or  prepositions  (B.  26,  R. 

533):* 

R  R  R  R  R  R  RR 

r  t  \\  t  't  it  It  \mn 

1,2  1.3  M  1.5  1.6  «.7  1.8  aj  a.6  3.7 

On  ho-      Mela-        Para-         Ana-  Epi-        Kata-        Peri-  Amphi-      Pros- 

The  position  of  the  substituents  in  the  diderivatives  can  very  often  \yc  determined  by 
the  oxidation  method,  if  thereby  it  can  first  be  ascertained  whether  the  substituents  are 
in  the  same  nucleus  {is on  14 clear)  or  in  different  nuclei  {A^/rroPtuc/fttr).  Isonuclear  sub- 
stitution products  with  adjacent  substituents  show  in  general  the  same  deportment  as  the 
ortho-substitution  products  of  benzene,  inasmuch  as  they  form  similar  condensation  prod- 
ucts (pp.  96, 1 53,  157,  1 59).  However,  a  difference  appears  to  exist  l)etween  positions  like 
1,2  and  2,3.  Thus,  only  those  amidonaphthalenes  manifest  the  ability  to  form  napbtbo- 
quinoline  rings  in  which  the  pyridene-rinj;  can  attach  itself  to  a,/?-  C-atoms.  It  o^ 
be  assumed  that  the  double  linkages  in  naphthalene  are  not  so  easily  displaced  as  in  ben 
zcne  (p.  39).  The  l)ehavior  of  the  1,8-  or  peri-derivatives  is  remarkable.  Like  the 
o  diderivatives,  they  exhibit  a  series  of  hetero-ring  formations. 

NAPHTHALENE-RINQ  FORMATIONS. 

Na|)hthalene  is  produced  by  pyrogenic  condensation  from  a  series  of 
carbon   compomids,   like   ethylene ^    acetylene^   ether ^  etc.     Methods  of 


*  In  the  following  diagram  the  double  hexagon  of  naphthalene  is  replaced  by  two 
parallel  lines,  as  was  similarly  done  with  benzene  (p.  36). 
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producing  the  naphthalene  nucleus  by  processes  in  which  one  benzene 
nucleus  pre-exists  are  more  important : 

(1)  A  mixture  of  benzene  and  acetylene  conducted  through  a  tube  heated  to  redness 
yields  naphthalene  (Bull.  7,  306). 

(2)  It  IS  derived  from  phenylbutylene,  CgH^ .  CH, .  CH, .  CH :  CH,,  and  its  dibro- 
midey  on  leading  their  Tapors  over  heated  lime : 

/CH.-CH,^  /C„  =  CH      ^^ 

CH,  =  CH  ^CH  =  CH 

(3)  A  direct  synthesis  of  the  second  benzene  ring  also  ensues  in  a  manner  analogous 
to  the  formation  of  the  trimethylene  and  tetramethylene  ring,  and  of  the  hydrindene 
ring  when  o-xylylene  bromide  acts  upon  disodium-acetylene-tetracarboxylic  ester  (Baeyer 
and  Perkin,  B.  17,  448). 

First,  we  get  the  ester  of  tetrahydro-naphthalene-tetracarboxylic  acid,  and  thb  by 
nponification  yields  tetrahydro-naphthalene  dicarboxylic  acid.  Naphthalene  results 
from  the  distillation  of  its  silver  salt : 

/CH,Br  ^  NaC(CO,R),  ^  ^  ^  /CH,  -  C(CO,R), 
*\cH,Br       NaC(CO,R),         *    *'^CH,  —  C(CO,R),' 

(4)  What  is  further  noteworthy  is  the  formation  of  a-naphthol  from  phenyl-isocrotonic 
add  when  heated  (Fittig  and  Erdmann,  B.  16,  43  ;  A.  247,  372 ;  255,  263  ;  275,  284 ; 
compare  formation  of  indene  derivatives,  p.  384). 

/CH=CH    _  /CH==CH 

*  oc(OH)  —  in,  ~      *N:(OH)  =  in       *  ' 

Phenylisocrotonic  Acid  o-Naphthol. 

In  a  perfectly  similar  manner  5-,  6-,  and  f-chlor-i-napktkols  are  obtained  from  o-,  m-, 
and  ^-cklorphenylparacofiic  acids;  2-  and  ^'methylnaphihoh  from  a-  and  ^-methyl- 
paraconic  acids  ;  a-naphthol-3*methyI  ketone  (B.  26,  345)  Itom  P-benzal-lavulinic  acid, 

yCn  =^.  CH  .  CO  .  CH, 
C^Hj^  i-ko//Mj\  A"  »  *"^  2-phenyl-i,3-dioxynaphthalene  is  produced 

OC(OH)  ^— ^—  CHj 

/CH  ' CO 

when  a,>'-diphenylacetoacetic  ester,  Q^^'^  1  »,    » ^^  digested  with  con- 

*  ROCO  —  CH(CjHj) 
centnted  sulphuric  acid  (A.  296,  14). 

(5)  An  interesting  formation  of  a-naphthylamine  consists  in  heating  aniline  ^ithpyro- 
mtuic  ocidBnd  zinc  chloride  to  300^  (B.  20,  R.  221) : 

CO.H  .  C  ==  CH  >^CH  =  CH 

MW     r  M   _L  n^-  I      =  NHjC-Hj^^  1      +  CO,  -f  H,0. 

NH,.q,H,  -f  0<cH  =  (in  '  •   '\CH  =  6h  •         " 

Aniline  Pyromncic  Acid  a-NaphthylamiDe. 

a-Naphthylamine  is  similarly  formed  on  heating  aniline  hydrochloride  with  mannitol 
mider  presfore. 

(6)  Two  molecules  of  styrolene  alcohol  or  phenyl  glycol  (p.  248)  can  be  condensed 
by  diliite  H^SO^  to  jS^enylnaphthalene  (A.  240,  137): 

/CH(OH).CH.(OH)  ^         /CH=CH        ^  ^^ 

CH,(OH)  —  CH(0H)C,H5  ^CH  =  C .  C^H^ 

Pheoylaoetaklehyde  b  an  intermediate  product. 
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(3)  When  perchlomaphthalene  is  heated  with  SbO^  to  280-500^  it  is  resol 
perchlorben/cne,  tetrachlonnetbone  and  hexachlorethane  (B.  g,  14S6) : 

/cci = cci  CI       „  a.  .  ca.  ^  CO, 

Perchlomaphlhalene. 

(4)  Decomposition  by  Reduction  in  Alkaline  Solution, — A  ring-decompositioi 
gous  to  that  of  salicylic  acid  (p.  47)  is  that  undeigone  by  2,1-  and  2^-oxjni 
acids  (p.  40S)  when  their  alcoholic  solutions  are  acted  upon  by  metallic  sodium  ( 

268): 

,C(COOH):COH  XH,.COOH  OH.C  =  CH. 

C,Il/  I        >c.h/  COOH^  I  ) 

^cn      -   en  \^„  I  cooH.c  =  ch/ 

Ciiy  ^^-^^  ^"fl 
><)xy-i -naphthoic  Acid  o-Phenylene-acetopropionic  a-Ozy-j-naptbhoic  i 

Acid 

(5)  Naphthalene  disulphonic  acids,  naphthylamine-  and  naphthol-sulphonic 
containin^r  the  sultstituents  in  the  1 ,3-position,  sustain  a  remarkable  decompositi( 
o  tuluic  acid  when  they  are  fused  with  caustic  potash  (B.  aS,  R.  364) : 

/C:(SO,U):CH  /CH. 

'    «\CII^-.-  t{SO,U) *^  ^    *\COOH 

Naphthnlctie-i-3.  disulphonic  Acid  o-Toluic  Acid. 

m( 'resol  (Ch.  Z.  1895,  Nr.  48)  is  similarly  produced  on  fusing  1,3,6-  and 
naphthalcne-trisulphonic  acids  with  caustic  potash. 

Naphthalene,  CjoHg,  melting  at  79°  and  boiling  at  218®,  occu 
coal-tar,  and  is  obtained  by  crystallization  from  that  portion  bo 
from  180-300°.  It  is  jHirified  by  distillation  with  steam  and  sub) 
tion.  It  tlissolves  with  difficulty  in  cold  alcohol,  readily  in  hot  ale 
and  in  ether.  It  crystallizes  and  sublimes  in  shining  plates.  It  is  ch; 
terizcd  by  its  great  volatility  and  possesses  a  peculiar  odor.  It  for 
crystalline  cninpound,  CjoHg.  C6H,(NO,)8 .  OH,  with  picric  acid,  w 
melts  at  149°  (Fritzs(he,  J.  1857,  456).  m- and  p-Dinitrobenzene, 
nitrobenzene,  trinitrotoluene,  etc.,  form  similar  double  compounds. 

Nnphtlialcnc  is  a])plit'(l  technically  in  the  preparation  of  phthalic  acid  and  dye 
stai)ri>.  It  is  also  usnl  in  carlmrctiing  water-gas.  It  is  employed  for  itch,  moths, 
iHcausf  of  its  strong;  antiseptic  pro|>erties  and  its  stupefying  effect  upon  the  1 
animals. 

As  naphthalene  has  unsaturated  linkages  it  will,  under  favorable  conditions,  tak 
hydrogen  and  chiorinr:  the  compounds  thus  produced  will  be  discussed  in  conjuni 
with  other  hydroiiaplithalene  derivatives  at  the  conclusion  of  the  naphthalene  gr 
Naplithalene,  like  hen/ene,  is  chlorinated,  nitrated,  and  sulphonated  by  halogen,  r 
acid,  and  sulphuric  acid.     See  p.  392  for  the  naphthalene  oxidation  products. 

Naphthalene  Homologues. — The  methylated  naphthalenes  are  present  in  coal 
Alkylic  naphthalenes  also  result  from  the  brom-naphthalencs  by  the  action  of  alkylo 
and  sodium,  and  from  naphthalene  by  means  of  alkyl  iodides  or  bromides  and  A1,G 

M.  P.  B.  P. 

«-Mcthyl-naphthalene,   .    .  CjolI^-a-CHj  — 20®  240-243®. 

/f  Methyl-naphthalene,   .    .  C^l^-ji-i:,^  -f32.5**  241-242®  (B.  25,  R.  8 

1,4-Dimcthyl-naphthalene,     C,(,IV^(*-'*^j)j  liquid  262-264®  (B.  28,  R.  6 

a  Ethyl-naphthalene,      .    .  0,^11,(1^11^  "  258®. 

/i  Ethyl-naphthalene,  .    .    .  C^^UyjVCA^^  —19®  251®. 

Butyl-naphthalene,      .    .C,oIl,.  CHg  .    .  2S0®  (B.  27,  1623). 

a-Phenyl-naphthalene,  .    .  C,oH,  a-QH^  o®  325®. 

/3-Phenyl-naphthalcnc.  .    .  C,oH^^  C^H^  102®  347®. 
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I^itesniim 


itte  oxidizes  ac-tetrahydrooaphthylamioe  to  o-hydrocinnam-car- 
ar-tetrahydronaphthylamine,  howeyer,  because  of  the  oxida- 


Uxyiu  add  (p.  245),    . r — . . . 

lioo  of  its  amided  benxene  nucleus,  is  changed  to  adipic  acid  together  with  oxalic  acid 

(B.«a.767): 

P„/CH(NH,)-CH,  /COOH     COOH 

^  '\CH. in. ^  ^  *\cH,_iH. 


ac-Tetrahydronaphthylamlne 

^    '\CH,-tH. 
onaphtnylamine 


NH, 

ar-Tetrahyd  ronaphtliylamine' 


o-Carbohydrocinnamic  Acid 
HOOC      HOOC .  CH,  —  CH, 

HOOC      HOOC.CH,  — CH, 
Oxalic  Acid  Adipic  Acid. 


2.  Decomposition  by  Simultaneous  Chlorination  and  Oxidation. — The  ring-decom- 
poflitions,  produced  by  the  action  of  chlorine  or  hypochlorous  acid  upon  /^-naphthoquinone 
and  its  derivatives,  are  very  numerous.  They  proceed  in  lines  analogous  to  the  ben- 
aene-ring  decompositions.  Two  groups  may  be  distinguished  in  these  changes  :  either 
the  oApbthalene  ring  Brst  resolves  itself  into  an  indene-nng,  which  subsequently  by  de- 
composition is  converted  into  o-diderivatives  of  benzene,  as  in  the  cose  of  dichlomaph- 
Ihoqainone  (see  below),  or  the  break -down  proceeds  without  the  intermediate  formation 
of  Indene,  as  in  the  case  of  ^-naphthoquinone  or  nitro-/3- naphthoquinone  (see  below) 
(Zincke,  B.  ay,  2753,  etc.).  Examples  :  (a)  /?- Naphthoquinone,  by  the  action  of  hypo- 
dilorous  acid,  becomes  dioxydiketotetrahydronaphthalene,  which  by  the  decomposition  of 
the  ring  changes  to  the  lactone  of  o-phenylglycerol-carboxylic  acid  (p.  264)  (B.  25, 
1S99): 

/CO  —  CO / CO CO         ^CO— O.  COOH 

^"*\CH  =  in        ^*  *\CHOH  -inoH      ^  ^•"*\CHon-(iH 

o-Phenylf^lycerol-carboxylic 
Acid  Lactone. 


^Naphthoquinone 


Diozydiketotetrahydro- 
naphthalene 


fb)  With  chlorine  nitro-/3-naphthoquinone  first  forms  a  chlorine  addition  product, 
winch  by  ring-decomposition  readily  passes  into  o-  (a,/J-dichlomitroethyl) -benzoyl  for- 
mic acid.  Chromic  acid  oxidizes  the  latter,  with  loss  of  hydrochloric  acid  and  carbon 
dioxide,  to  nitrochlormethylphthalide,  which  can  be  directly  formed  by  treating  nitroqui- 
nooe  with  chlorine  and  water  (B.  25,  K.  732): 


CO — CO 

C^H4<  I       — 

^  CH=C.NO, 

Nitro-^-Daphtho- 

quinone 


CO  —  CO  CH.COOH 

cHa.  cciNo,  cHa.cHaNO, 

Chlorine  Addition  o-(a^Dichtornitroethvl)- 

Product  benzoyl-formic  Acid 


-C^K,<      >0 

CH— CHCINO, 
Nitrochlormethyl- 
phthalide. 


Jc)  Alkalies  rearrange  34-dichlor-/3- naphthoquinone  to  dichloroxyindene  carboxylic 
i  (p.  386).  The  latter  can  be  decomposed  (i)  by  changing  it  to  dichlorindone  with 
CiO„  and  tetrachloriiydrindone,  the  chlorine  addition  pro<luct,  when  acted  upon  with 
ikobolic  soda,  becomes  o-trichlorvinylbcnzoic  acid  ;  or  (2)  if  the  acid  be  heated  to  100- 
Ilo^  with  oil  of  vitriol  it  is  converted  into  /}-chlorindone-}'-carboxylic  acid.  The  bromine 
addttioa  product  of  the  latter  acid  is  decomposed  by  alkalies  with  the  formation  of 
a-chloffbrom-melhylene-homophthalicacid  (6.  28,  R.  279) : 


xo.co 

I    DicMornaph- 


|.         /C(OH).CO,l 

OicbkM'osyiiKiene 
Carboxylic  Ackl 


/ 


/cov. 


Dichlorindone 


1I01 


/COOH 


o-Trichlorvinyl- 
benzoic  Acid. 


/ 


C.COOH 


^^"♦\co)>C.Cl-^^"*\^^  ;CBrCl 


Tetrachlorhy- 
drindone 

yCBrCOOH 


-C,H4 


/^^l 


^COOH 


HBr 


^Q/^Dr^.1  \cOOH 

^-Chlorindone-        Dibromchlor-a-hydrin-     Bromchlormethylenc- 
r-cartwxylic  Acid     done-Y-Carboxylic  Acid       homophthallc  A.c\d. 
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naphtlideiie  lairite.  C,»HyN  r=  N .  O .  NO.  by  neas  or  C^/>  (BL  Mb  mm] 

dinitroiiMhthaleiie*  are  obtained  bf  the  nitiMdoB  of  B^^^ 

Consult  B.  ig,  1243,  1591,  for  the  icpawtiea  of  Che  l«5  and  ijB-i 

i,5-(«-)  compoond  melti  at  ai6® ;  die  !>(/'-)  l"4f  >Bdts  at  170^,  «id 

potavivm cyanide  yieldi  *'  "^    '^  "  ^^^^ 

naphtbalenei,  when  heatc 

or  dioajnaphtboqninooe 

144^,  is  obtained  from 

—^5*)  nitric  add  and  napbthali 

Wben  naphthalene  or  dinitfonaphthalenes  are  boOed  far 

and  solphoric  adds  (B.  a8,  367)  tri«  and  f 

These  explode  partly  with  violence  on  heating. 

3.  Nitroaonaphtfanlenea:  MononitnMoiiftphtlialaM,  CmK..NO,  mMt^  n 
Sg^  and  deoompQsing  at  134^,  results  from  the  actioii  of  nitrosyl  biiMiadi  i|ioo  ■» 
cury  dinuihthyi. 

1,4-Pmitroaonaphtbalene  is  a  powder  exploding  at  lao^  and  is  prodnced  vhn 
a-naphthoqninone  dioxime  (p.  406)  b  oxidised  with  red  prasaiale  of  potash.  l,94Hli- 
troaonaphthalene,  melting  at  127*  (B.  19.  349;  mi,  434).  is  aioulariy  fiDtmed  faa 
/9-Daphthoquinone  dioxime. 

4.  AmidonaphthaleneSy  Naphthylamines. — (a)  Prmatjmmim: 

The  naphthylaminesy  in  contrast  to  theanilineSy  are  very  easily  obtainal 
by  heating  the  oxynaphthalenes  or  ni^hthohwidi  ammonia-iinc  chloride 


CP-  7*). 
a-Nai 


iphthylamine,  CioHf-a-NH,,  melting  at  50^  and  boiliog  tf 
300^,  results  from  the  reduction  of  a-nitronaphchafeney  or  on  heating 
a-naphthol  with  ZnClt  or  CaCl,-ammonia  to  250^,  and  is  synthetically 
produced  when  aniline  and  zinc  chloride  are  heated  with  pyronniGic 
acid.  It  crystallizes  in  fiat  needles,  which  are  especially  beautiful  whes 
they  separate  from  aniline.  It  acquires  a  red  color  on  exposure  to  the 
air,  sublimes  readilyand  possesses  a  pungent  odor.  In  general,  it  deports 
itself  perfectly  similar  to  the  phenylamines  (compare  p.  71). 

Sodium  in  amyl  alcohol  reduces  it  to  a-tetrahydronaphthylamine  (p. 
411).  It  is  oxidized  to  a-naphthoquinone  when  boiled  with  chromic 
acid.  Oxidizing  agents  (chromic  acid,  ferric  chloride,  silver  nitrate) 
produce  an  azure-blue  precipitate  in  the  solutions  of  its  salts :  axymlk' 
thylamine,  C,oHjNO  (A.  xag,  255). 

^-Naphthylamine,  melting  at  112^  and  boiling  at  294^,  results  froa 
/9-naphthol  and  ZnCl,-ammonia.  It  is  odorless  and  is  not  colored  hf 
ferric  chloride  and  the  like.  Potassium  permanganate  oxidizes  it  to 
phthalic  acid.    /9-Tetrahydronaphthylamine  is  formed  by  its  redaction. 

Secondary  and  tertiary  naphthylamines  :  Naphthylalkylamines  are  fonned,  aaskh 
p:ous  to  the  allcyl  anilines,  from  the  naphthylamines  with  alkylogens,  or  apon  heating  tbe 
iiaphthylamine  hydrochlorides  with  alcohols :  a-Naphthylmethylsmaino,  C||H|NH .  - 
CII„  boils  at  293<»;  a-Naphthylethylamhie  hoils  at  503^;  /^NaphtlqrldiiiiclM* 
amine,  CioH^-^-NCCH,),,  mclu  at  46**  and  boils  at  JOS^  (B.  13,  2053)-  tte 
Phenylnaphthylaminea,  CjoH, .  Nil .  C^Hg,  are  fonned  when  me  hydroduoiides  of 
a-  nnd  /^-naphthylamines  are  heated  with  aniline  and  zinc  chloride.  On  heatiiif  A^ 
naphthylamines  with  zinc  chloride  or  with  HCl  to  180-190^,  or  with  a-  and  /S-napMiol 
various  dinaphthylamines  result.  ^,j3-Dinaphthylaniine,  C^Hf/3*NH-j9-C^|Hp  wlt' 
ing  at  171^  and  boiling  at  471^,  occurs  as  a  by-product  In  tne  technical  mamuactue 
of  /3-naphthy1amine.  Heated  to  150^  with  concentrated  hydrodiloric  add  it  bnsb 
down  into  /3-naphthylamine  and  /9-naphthol.  Heated  with  solphtir  it  forms  thiodiBS|]h* 
thylamine,  NH(C|o(fg),S,  corresponding  to  thiodiphenjdamine.    When  snlpharic  m 
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f8o  per  cent.)  acts  opcm  /9-naphthylamine  in  the  presence  of  oxidizing  agents  two  naph- 
thalene nuclei  unite  and  naphtidim  (C,pHf .  NH,),,  results  (B.  25,  R.  949)  (p.  410). 

The  atid  derivativfs  of  the  napkthyla mines  show  great  similarity  to  those  of  the  ani- 
lines (see  pp.  80-91).  llie  naphthyl  benzene  sulphamides,  C,»?I, .  Nil .  SC\.- 
C^Hj,  manifest  a  rather  remarkable  deportment,  similar  to  that  of  the  naphtliols,  in 
that  they  dissoUe  in  the  alkalies,  and  unite  similarly  with  diazo-salts,  etc.  (B.  27,  2370). 
Consult  B.  25,  R.  9,  upon  naphthyl  carbamine-chlorethyl  esters,  C^q^'t  •  ^^^  •  ^-^^^  ^^  V 
H4CI,  and  their  transposition  products.  See  B.  29,  R.  1S4,  for  the  a-naphthylamine 
dcriyatives  of  succinic,  tartaric  and  citric  acids. 

Substittited  Naphthylamines. — Haloid  naphthylamines  result  by  direct  substitution,  or 
by  the  action  of  ammonia  upon  substituted  naphthols.  1,2-  and  1,4-Nitronaphthyl- 
amines  are  formed  by  the  nitration  of  acet-a-naphthylamine  and  its  subse()uent  saiK^nifi 
cation.  The  I,4-^<H/p  melts  at  191^.  It  is  oxidized  to  a -naphthoquinone.  It  forms 
a-nitronaphthalene  by  the  elimination  of  the  Nll^-group.  Boiling  potassium  hydroxide 
converts  a-nitronaphtha1ene  into  1 ,4-nitronaphthol  (B.  19,  796;  25,  R.  432).  The  1,2- 
eompound  melts  at  144°,  and  yields  /^nitronaphthalene  (p.  395)  and  2,1-nitronaphthol 
(p.  401). 

I-Nitro-2-napbthylaniine,  melting  at  127°,  is  formed  l>y  the  nitration  of  acet/l-naph- 
thylamine  and  subsequent  saponification  of  the  acet-derivative.  Nitrous  acid  and  alcohol 
convert  it  into  a-nitronaphthalene.  2,5-  and  2,8-Nitronaphthylamines  (B.  25,  2076) 
are  produced  when  /3-naphthylamine  nitrate  is  introduced  into  concentrated  sulphuric  acid. 

NaphthyUne  Diaminvs. — DiamidonaphthalemSy  naphihyletie  diatnines^  are  obtained 
by  the  reduction  of  dinitro-  and  nitroamido-naphthalencs,  also  by  the  decnmiKDsition  of 
amidoazo- naphthalenes,  and  when  dioxynaphthalenes  and  amido-oxynaphthalencs  are 
heated  with  ammonia  (B.  21,  R.  839;  22,  R.  42;  26,  188). 

The  o-naphthylene  diamines  adapt  themselves  like  the  o-phcnylenedianiines  to  con- 
densation reactions,  in  that  they  ft^rm  naphtho-derivatives  of  heteroiy^Hc  rings  (see  p.  95). 
To  a  certain  degree  the  o-naphthylene  diamines  in  this  respect  resemble  the  1,8-  or  peri- 
compounds  (p.  390). 

1,2-Naphthylene  Diamine,  melting  at  98°,  is  obtained  l>y  reduction  from  /^nitro- 
a-naphthylamineand/3-naphtho(]uinonedioxinie(p.  406).  2,3-Naphthylene  Diamine, 
melting  at  191^,  is  derived  from  2,3-dioxynaphthalene  by  tlie  action  of  ammonia  at  240°. 
These  two  bodies  yield  naphthoazimides  with  nitrous  acid,  ^/i//ri/ri;  bases  with  c:ir- 
boxylic  acids,  quinoxaiifies  with  o-diketones, etc.  (B.  25, 2714  ;  26,  188 ;  27,  761 ).  IVr 
fectly  similar  lietero- ring -formations  are  exhibited  by  1,8-  (Peri-)  naphthylene  diamine, 
melting  at  67®  and  olitained  from  1,8-dinitro-  or  1 ,8-dioxynaphthaIene  ;  however,  it  docs 
not,  in  contrast  to  the  o-diamines,  condense  with  o-diketones,  like  phenanthraquinone.^, 
forming  azines  (B.  2a,  861). 

1, 3- Naphthylene  Diamine  melts  at  96°  (B.  28,  1953).  iyy(inyA^aphthy/ene 
diamine  derivatives  are  derived  from  naphthylamine  sulphonic  acids  (p.  398),  which  con- 
tain the  SOjIl-group  in  the  meta-position  with  reference  to  Nil,,  by  the  action  of 
amines. 

(1 ,4) -Naphthylene  Diamine,  melting  at  120°,  results  from  the  reduction  of  a-nitro- 
naphthylamine,  and  the  decomposition  of  a-amidoazo-naphthalene,  by  tin  and  hydn>- 
chforic  acid.  Ferric  chloride  converts  it  into  a -naphthoquinone,  and  bleaching;  lime 
changes  it  to  naphthoquinone  dichlorimide. 

Sm  B.  25,  2080,  2082,  for  2,5-  and  2,8-naphthylene  diamines. 

5.  Diato-  and  Azo-compounds  of  naphtfuilcne  :  Nitrous  acid  (or  sodium  nitrite)  act 
ing  upon  naphthylamine  salts  produces  naphthalene  diazo-derivatives  perfectly  analogous 
to  the  diazo-benzene  compounds  (p.  99)  ;  they  yield  azo-dyes  with  the  anilines  and 
phenols.  fi'Dia%onafkthalic  Acid,  C|„li,-/3  NHNO,  (p.  99),  by  rearrangement,  yields 
a-amido-I-nitronaphtnalene  (B.  30,  1262). 

The  azonaphthalenes  could  not  be  prepared  by  reducing  nitronaphthalenes. 

a-Asonaphthalene,  C|oIIfNr=N.  C,qII,,  results  u{)on  l>oiling  the  diazo- compound 
of  amidaso-naphthalene  with  alcohol.  It  crystallizes  in  red  needles,  or  small  steel-blue 
prisms,  melting  at  190^,  and  subliming  without  difficulty.  It  dissolves  with  a  blue  color 
ID  concentrated  sulphuric  acid. 

Beiuene-aso-naphthalcne,  C|,lly .  N, .  C^H^,  mcU'\ng  al  6^^ ,  V\a&  Wwv  wcw^wX^ 
derived. 
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o  Toluene -axo-napbthalene,  Cj^H, .  N, .  C-II,,  melu  at  52®  (B.  a6, 143). 

Naphthylaxoacetic  Ester.  Cjoll^ .  N,  .  CH(COCII,)CO,R,  meliing  at  gf,  n 
foniK-d  lit>iii  ilia7A>nap)ithakne  diloride  and  sodium  aceioacetic  ester.  Caustic  poUih 
clianj^cs  it  to  iiaphthylacetoiio,  and  by  the  acid  decomposition  it  is  resolved  mto  mpA- 
fA\/tizoiUt/u  au'i/  (K  24,  R.  57 1). 

'  .'Iffiit/o  azoMupWuiUhcs :  a-Amido-azonaphthalene,  C,^H,-a-N,-fl-C„H,  a,NH, 
mcltiii);  at  175^,  is  funned  by  adding  sodium  nitrite  (I  molecule)  to  the  aqueous  aob- 
tioii  of  naplithylamine  hydrochloride  (2  molecules) ;  the  diazo-amidonaphlhaleae. 
('i^ilIf.X, .  NH'CjoII^Ip.  107),  first  formed  undergoes  a  molecular  reainngnixnL 
'I'in  and  hydnn-liloric  acid  resolve  a-amidoazonaphthalene  intoa-naphlhylamineaad  (M)- 
naplithylcnriiiainine.  Xiiphthalene  Red  belongs  to  the  safranine  dyes  and  is  prodnced 
when  (i-ainidoazonaphthaleiie  is  heated  with  Na-naphthylamine  hydrochloride. 

/V-Amido-azo-naphthalene,  from /^naphthyIamine.  melts  at  156°  (B.  19,  1282]. 

a- Naphthylamine-azo- benzene  Sulphonic  Acid,  CjH^(SO,Hj .  N,  .  Ct,H|.  • 
Nil,,  from  sulphanilic  acid  and  napbthylamine  hydrochloride,  i&  colored  orange  bf 
cau>tic  {lotasli  and  r^</ by  acids  (test  for  nitrous  acid). 

The  o-azo- compounds  of  i?-naphthylalphylamines,  like  Benzene-axo-^naphtbjf]- 

phenylamine,  Cn,IIg-j  NW -N  C*H**  ^^^"  oxidized  form  ammonium  bases  d^ 
psntdoazimide  grou/'t  ^^^  when  heated  they  split  off  aniline,  forming  naphtkopkauaxHH 
(B.  28,  328) : 

.N:N.CJL    o  ,N  ^N:N.C.H.  -qhanh,  V 

1 10^  \u^ 

Compare  further  B.  18,  3 1 32;  20,  1 167  ;  24,  R.  765,  for  the  constitution  of  theprcd- 
U'l.^  resullinj^  fi»>m  the  action  of  diazo-salts  upon  /^naphthylamines,  which  are  some 
tune'*  viewLHl  as  ^<iuinone  derivatives. 

().  Ilwiraiiit  Ihri'aiives  of  N^iphthalene :  Hydrazonaphthalene,  C,bH.  .NH.- 
NI  I  .  (  ',„! I.,  nulling  at  275°,  corresponds  to  hydrazo-benzcne.  It  is  formed  on  boiling 
;i/i»i»aphlli:ileiie  with  alcoliulic  sodium  hydroxide  and  zinc-dust.  When  digCblcd  wilJi 
hy.lrocljloric  acid  it  chanj;es  to  the  isomeric  Naphtidine  or  diamido-dinaphthyl  (com- 
pare ben/idine.  p.  IlN)  (M,  18,  3255). 

Naphthyl  Hydrazines,  C',„U,.  Nil .  Nil,,  are  derived  from  the  diazo-chloiidoof 
tlie  two  naplilhylamines  by  the  acti<^n  of  stannous  chloride  and  hydrochloric  acid  (B.  19. 
K.  303).  1  he  </-c<)fnpouiul  nielis  at  117°,  the  ,^- modification  at  125°.  They  unite 
with  ihe  alileliydes  and  ketones  forminpj  hydrazones  ;  these  fonn  naphthindol  com}<>unil> 
by  cuM(len?>aii()n,  and  manifest  throughout  the  tendency  to  form  derivatives  and  heicRv 
rinj;  formations  similar  to  those  shown  by  the  phenylhydrazines  (pp.  123-129)  (B.  19,  K. 
1S31  ;  22,  K.  (>72). 

7.  Sulphonic  Acids. — On  diyjesting  naphthalene  with  sulphuric  acid  we  ha« 
foimcd  a-  and  /^  Naphthalene-sulphonic  Acids.  At  lower  temperatures  (80®)  the 
ir-acid,  melting'  at  90".  ])red<>minates,  while  at  about  l6o°and  with  an  excess  of  sulphoric 
acid  the  ,?-acid,  nirltin^  at  i()i^.  is  the  chief  product.  When  heated  with  sulj»hufic 
acid  the  n  acid  p.is>e.>  into  the  .^variety.  They  may  l)e  separated  by  means  of  the 
calcium  or  leatl  salts.  The  free  acids  are  crystalline  and  deliquesce  readily.  The 
a  acid  decom)M).<>e.s  upon  healing;  with  dilute  hydrochloric  acid  to  200°  into  naphthalene 
and  sulphuric  acid,  whereas  the  /J-acid  remains  unaltered. 

The  a-Mi/p/to-i/i/oridt'  melts  at  66°  and  boils  at  195®  (13  mm.).  The  3su!fhp 
chloride  melts  at  76°  and  boils  at  201°  (13  mm.)  (J.  pr.  Ch.  [2]  47,  49).  Protrnclcd 
heating  of  naphthalene  with  concentrated  sulphuric  acid  produces  two  isomeric  disulpho^ 
acids:   2,6-  and  2,7-. 

Naphthalene  Disulphonic  Acids. — 'ITicy  are  separated  by  crystallizing  their  chlorides 
from  Unzcne  (IJ.  9,  592).  Addilitmal  disulphonic  acids  of  naphthalene  have  l«en  |>rc 
pared  by  sulphonatin^  the  naphthalene  monosulphonic  acids,  by  oxidizing  thionaphthol- 
sulphonic  acids,  from  the  napbthylamine  disulphonic  acids,  etc.  A  series  of  naphthalene 
trisulphonic  acids  has  been  made  by  similar   indirect  methods  (B.  24,  R.  654,  707, 
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'I5 ;  27f  l^*  Si  ;  P^c-  i^^*  l^^)*  Chlor-naphthalene  Sulphonic  Acids  have  been 
ibtaiiied  in  port  by  sulpbonating  tbe  cblornapbthalenes,  and  in  part  by  replacing  the  NH,- 
vonp  of  the  naphthylamine  sulphonic  acids  by  halogens  (B.  24,  R.  658,  707 ;  25,  2479; 
3i.  Z.  1S95, 1 1 14).  Nitronaphthalene  Sulphonic  Acids  are  obtained  by  sulphonat- 
ng  the  nitronaphthalenes  or  nitrating  the  chlorides  of  the  sulphonic  acids  (B.  26,  R. 
136). 

Some  naphthylamine  sulphonic  acids  possess  technical  value,  inasmuch 
IS  they  form  desirable  and  valuable  dyes  by  combining  with  the  tetrazo- 
aompounds  of  the  benzidine  series : 

(a)  a-Naphthylaraine,  treated  at  130°  with  an  excess  of  concentrated 
alphuric  acid,  forms  1,4-naphthylamine  sulphonic  acid,  naph- 
llionic  acid,  which  can  also  be  prepared  from  nitronaphthalene  with 
unmonium  sulphite  by  simultaneous  reduction  and  sulphonation  (Ch.  Z. 
[895,  1 1 14).  The  acid  crystallizes  with  J^HjO  and  dissolves  sparingly 
n  water.  Its  sodium  salt  has  the  formula  C,oH«(NH,)SO,Na  -f-  4H,0. 
PIThen  the  acid  combines  with  the  tetrazo-derivative  of  benzidine  Congo 
^tdxs  produced.  Tin  and  hydrochloric  acid  decompose  the  latter  with 
the  formation  of  iy2-naphthylenediaminc- ^-sulphonic  acid.  See  B.  29, 
1978,  for  additional  naphthylenediamine-sulphonic  acids. 

If  a-naphthylamine  be  digested  with  sulphuric  acid  at  130^  for  some  time  there  results, 
astead  ot  the  1,4-acid,  1,5 -naphthylamine  sulphonic  acid,  naphthalidinic  acid^  and 
Jiis  finally  gives  place  to  the  1,6-acid  (B.  26,  K.  534).  1,8-  or  peri- Naphthylamine 
Sulphonic  Acid  is  obtained  from  peri -nitrosul phonic  acid.  The  derivatives  of  the 
1,8-acid  show  a  tendency  to  part  with  water  with  the  production  ol sultanis — e.g.  : 

y  SO,  y  so, 

[SO,H),CioH4\^jijjj,  1.8-Napb8ultam,  2,4-di8ulphonic  Acid,  (SO,H),CioH,^^^' . 

I^-Naphsultamtrisulpbonic  Acid  (B.  27,  2137).  Peri-Amidonaphthol  derivatives 
lie  produced  when  these  sultams  are  fused  with  caustic  potash  (B.  28,  R.  636). 

(^)  Four  different,  isomeric  ^-naphthylamine  sulphonic  acids  (A.  275, 
362)  are  produced,  according  to  the  temperature,  when  ^-naphthylamine 
is  sidphoBated : 

SO,H  SO,H 

l,H  I      I  I      I  SOaH    I      I  » 

'     NHf  NHf  NH,  '     I^Hf 

a^Acid  ^-Acid  F-or5-Acia  yAcld 

(Baden  Acid)  (Bronner's  Acid)  (Danl's  Acid). 

These  acids  can  also  be  prepared  by  the  action  of  ammonia  upon  the 
corresponding  naphtholsulphonic  acids  (p.  402).  The  /9-  and  the  F-  or 
I  acids  are  particularly  valuable,  because  by  their  combination  with 
o-tetrazoditoiyl  beautiful  red  dyes  having  a  blue  tinge  result.  Certain 
^na^Uhylaminedisulphonic  acids  are  technically  important : 

SOsH                                                 SO3H  SO3H 

»,H                                      I       I  HOaS     I       I 

HO,S     I       I  -T— I- 

HHt                                                      HNa  NHt 

AHido-milphoiilc  Acid  G.            Amido-sulphonic  Acid  R.  S-Amido-sulphonic  Acid 

(B.a4,R.7i6)                               (B.a4.R.707)  (B.  84.  R- 715). 

See  B.  97,  1 193,  for  additional  /3-naphthylamidopolysulphonic  acids.  These  /?-naph- 
diyUuiiiiie  sulphonic  acids,  which  contain  a  sulphogroup  in  the  m -position  with  refer- 
cnoe  to  the  MH,-groiip,  readily  exchange  the  sulpho-group  for  the  amine  residue  when 
Ikey  lie  heated  with  amines  (B.  a8,  R.  311). 
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SO 
i,4Diazonaphthalene  Sulphonic  Acid,  C,i)H^<;j^  '>0,  diazcnaphthiemu  and, 

is  firmhucil  liy  the  action  of  nitrous  mcid  upon  naphthiouic  acid.     It  forms  rcieJUabj 
coniliinin^  with  ii  naphthol,  and  azontdim  b  by  iu  union  with  a-naphihol  a-soli^KBic 

acid- 

liy  the  union  of  various  azonapbthalene  diazo-sulphonic  acids — e.  ^., 

^"io'*i^i  •  ^io''»    S('»   -*^^  ~  ^'"^    naphlhol-monosulpbonic  acid,   azo-black  dy«i- 
f.  ^'.,  naphthol  i'lmk^  nnh^lbiaik^  etc. — result. 

8.  SttphthaltHe  Sulphinu  Ai'idi  are  ilenved  by  the  reduction  of  tbe  chlorides  of  sil- 
jiho  aiiilb.  a  Naphthalene  Sulphinic  Acid,  C,oiI, .  ^>0,H,  melts  at  ^^4^  while  ibc 
.{  :iciil  niHls  at  105''  (U.  a6,  K.  27I).  These  acids  l)ehave  just  like  the  beozeae  ss. 
|thiiiii-  aciils  \y.  139)  (li.  25,  2jO).  Mixed  napktkyl sulpkon^s  are  prepared  from  their 
sails  by  the  action  of  alkyl  bromides  (B.  ag,  R.  979). 

9.  Naphthols:  Tlie  oxy-dcrivatives  of  nai)htha1ene  or  naphthols  in 
gcnoral  show  a  doporimcnt  similar  to  that  of  the  phenols.  However, 
llicir  hydroxyl-groiip  is  more  reactive.  'Iliey  readily  yield  naphihyl- 
amiiK-s  with  ammonia.  They  form  esters  and  ethers  more  easily  ihanlhc 
l>hcin»ls  (H.  15,  1427).     The  nai)hthols  occur  in  coal-tar  (A.  227,  i43>- 

'z-Naphthol,  C,oH7-a-OH,  melts  at  95°,  boils  at  278-280**,  and  results 
from  a-iKiphthylaminc  by  means  of  the  diazo-comix)und,  and  upon  fu^diig 
a- iiaphlhalcijc-sul phonic  acid  with  alkalies.  Its  formation  from  phenyl- 
isniTolonic  acid  (p.  391)  is  very  noteworthy.  It  is  soluble  with  difficulty 
in  IkU  water,  readily  in  alcohol  and  ether,  crystallizes  in  shining  needlt>, 
has  the  odor  of  phenol,  and  is  readily  volatilized.  Ferric  chloride  prc- 
( il'iiates  violet  flakes  of  dinaphthol,  CmH,,.(OHj),  from  its  aqiicoiis st-lii- 
lion.  Nitrons  acid  converlsit  into  2,1- and  4,1-nitrosonaphlhol  (i>.  406); 
(lil<»iiiie  in  acetic  acid  chanj;es  it  to  various  chK)rinated  naphthols  and 
kelohydronaphlhalenes  ;  potassium  chlorate  and  hydrochloric  acid  oxidize 
it  to  tli(  hlornaphiluxiuinonc  (A.  152,  301);  metallic  sodium  and  alcohol 
rediKX'  it  toar-tetrahydronai>hthol  (p.  412),  while  i>otassiimi  permanganate 
in  alkaline  solution  breaks  it  down  into  carbophenylglvoxvlir  acid  (p. 
V>2).  The  acetate.  C|.,H.-a-0  .  CjHaO,  melts  at  46°!  See  B  28,  3049. 
ior  the  carbonate  and  ph<»sphate. 

,5f-Naphthol,  r,..Hr/5^-<>H,  melting  at  122°  and  boiling  at  286^  :s 
derived  from  /?-nai>hthalene-sulphonic  acid,  or  /6f-naphthylamine.  It  iJ* 
readily  soluble  in  hot  water  and  crystallizc^s  in  leaflets.  Ferric  chloride 
imparts  a  greenish  col<»r  to  the  solution  and  separates  a  dinaphih'l. 
Niir(»ns  a(  id  and  /5^-naphlhol  yield  1,2-nitn^sonafhthoi.  The  aatiUi- 
i.\oi\y;i-Oi\\\Ji),  melts  at  70°.  ' 

'Ihc  bismuth  salt  of ,?  naphlliol  has  In^cn  recommended,  under  the  name  of  itrpkc^uv, 
as  an  intestinal  antisopiic. 

IsJiiththol  alkyl  ethfii  art*  fr^rmcd  when  the  naphthols  are  lieated  with  alcohols  aid 
hydrochloric  acid  to  150°  (IJ.  15,  1427). 

rj-Naphthol  Ethyl  Ether  l)oils  at  277®.  /?-Naphthol  Methyl  Ether  and  ethyl 
ether  have  bceii  calh'd  Jarajara  and  Nerolhte  ami  l)cen  used  in  i-»erfumery  (U.  26, 
27U)).     u-  and  ,^Dinaphthyl  Ethers  melt  at  iio®  and  106°  (H.  13,  1S40;   r4,  105;. 

A'.iphthol  hornologurs.  such  ns  2,1  and  3, 1 -methyl  naphthol,  C|^H5(CH5)OH,  mcltir: 
at  80°  ami  92°,  have  been  prepared  from  phenyl-a-  and  -/^- methyl isocrottmic  acid^  (A.  255' 
272).  i.4-Dimethyl-3-naphthol,  Ci^HjfCH,)/^!!,  melting  at  136®,  is  obtained  fn-nJ 
ianionin  (p.  432)  (B.  28,  R.  I16,  619). 
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SmbsHiuted  Naphthols :  Substituted  a-naphthols  can  be  synthesized 
from  the  substituted  phenylisocrotonic  acids  (compare  B.  26,  R.  537). 
Otherwise  they  are  made  by  methods  similar  to  those  adopted  with  the 
substituted  phenols  (p.  148). 

NUronaphthoh :  4.1-Nitronaphthol,  CioH9[4](N02)[l]OH,  melting  at  \t^^  and 
a.l-nitronaphthol,  C,oH^[2]NO,[ I  ]OH,  melting  at  195^,  result  from  the  oxidation  of 
4,1-  and  2,1-nitrosonaphthol  with  potassium  ferricyanide  or  nitric  acid  (B.  25,  973),  or  by 
boiling  the  corresponding  nitronaphthylamines  with  caustic  potash. 

2^-Dinitro-a-naphthol,  melting  at  138^,  is  produced  by  the  action  of  nitric  acid 
npon  theae  nitro-naphthols  or  upon  naphthalene-a-sulphonic  acid,  a-naphthylamine,  and 
a-naphthol-disulphonic  acid  (A.  152,  299).  It  is  almost  insoluble  in  water,  sparingly 
■oluble  in  alcohol  and  in  ether,  decomjwses  alkaline  carbonates,  and  forms  yellow  salts  with 
one  equivalent  of  base.  The  salts  dye  silk  a  beautiful  golden- yellow.  The  sodium  salty 
C|«H^(NO,). .  ONa  -|-  H,0,  finds  use  in  dyeing,  under  the  name  of  naphthalene  yellmv 
(Mflitins  yellow),  and  is  frequently  used  to  color  foods.     The  potassium  salt  of  dinitro- 

iMpliUiol-sulphonic  acid,  (^^^^(NO,),  |  f  g]sQ  k  (^'  ^4*  ^-  7^)*  obtained  by  the  nitra- 
tion of  naphthol-trisul phonic  acid,  is  naphthol  yellmv, 

Trinitro-a-naphthol  melts  at  177^. 

a- Nitro-/3- naphthol,  melting  at  103^,  is  produced  in  the  oxidation  of  anitroso-)?- 
nnphthol  (p.  406J,  or  from  nitro-/3-naphthylamine  by  the  action  of  caustic  potash.  See 
B.  S5«  2079,  K.  670,  for  other  nitro-)3- naphthols  and  -naphthol  ethers. 

Amido-naphthols :  These  are  derived  by  the  reduction  of  nitronaphthols,  by  the 
action  of  ammonia  upon  dioxy-naphthalenes,  the  decomposition  of  naphtholazo-com- 
«Minds,  etc.,  etc.  In  the  isonuclear,  particularly  the  i ,3-amidonaphthols,  the  NH^-group 
b  more  readily  displaced  than  in  the  hetero- nuclear  isomerides. 

(1 ,4) -Amido-a- naphthol,  C|oH,(Nn,) .  OH,  results  from  the  reduction  of  (1,4)- 
nitronaphthol,  and  by  the  decomposition  of  a-naphthol  orange,  C|olI,(Oll) .  N, .  C^Il^ .  - 
SO|H.     It  is  very  unstable.     It  yields  a-naphthoquinone  by  oxidation. 

\\&  ethyl  ether  y  C|o''6(^^«''5)NH„  melts  at  96®.  ^Acetamido-i  naphthol,  naphth- 
mcetoly  melting  at  107®,  is  especially  well  adapted  for  the  production  of  pure  naphtholazo- 
dyes  (p.  402).    ^-Acetamino'i-naphthol  Ethyl  Ether ,  naphthacetin,  melts  at  189°  (B. 

«5.  3059). 

2-Aniido-a-naphthol,  from  2,1 -nitronaphthol,  oxidizes  in  the  air  to  imido-oxynaph- 

thylamine  or  /9  naphthoquinonimide,  Cj^H^t^  1      »Cio^^^^     » forming  violet  leaflets. 

2,1-Amidonaphthol  yields  anhyJro  bases  or  naphthoxazoles  (see  p.  153  and  B.  25, 
3430)  with  carboxylic  acids,  etc. 

I-Ainido-/)-naphthol,  from  the  reduction  of  i-nitro-  or  nitroso-)3-naphthol,  or  by  the 
decomposition  of  ^-naphthol  orange,  can  be  oxidized  to  /i^-naphthoquinone.  1,3- Amido- 
naphthol  decomposes  at  185^(8.  28,  1952).  i, 3- Amido-naphthol  decomposes  at 
185®  (B.  a8,  1952).  2,3-Atnido-naphthol,  melting  at  234°,  is  pro<luced  by  the  action 
of  concentrated  ammonia  at  135-140°  (H.  27,  763)  upon  2,3  dioxynaphthalene. 

Azonaphthols  :  The  naphthols  can  be  readily  combined  with  all  diazo-compounds  to 
azo-derivatives.  The  a-naphthols  add  the  diazo-group  as  easily  to  the  para- (4-)  as  to  the 
ortho  (2-)  position.  However,  the  p-position  is  preferred  and  it  is  only  when  this  is 
occupied  that  the  o-position  is  assumed  (B.  29,  2945  ;  30,  50).  The  final  products  are 
o,p-disazo-compounds.  With  the  /^-naphthols  the  diazo-group  attaches  itself  only  to  the 
o-potition  referred  to  the  OH-group : 

_OH  _OH  _OH 

:NC.Hft 


li^tt. 


.I:NC^»  NtNQHft  „     ^  ..  , 

•-Naphthol        i-Naphthd-       i-NaphthoN3,4-         ^-Naphthol  a-Naohthol- 

4-aaobaMac       dtoaiobenzeae.  i-azobcnzeiie. 

..     ^ .  m.  p.  193P.  with 

II--54  decoiqpoaition 
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These  same  compounds  are  also  obuined  by  the  action  of  phenylhydruhie  upon  the 
n .  fpkth(»qui»oHes  ( p.  404 ) .  a  -  Naphthoquinone-  pheny  Ihydrazone  is  identical  vith  I  oaph- 
thtil  4-azobenzcne.  f)- Naphthoquinone  and  phenyl  hydrazine  fonn  a  compound  vhiJi 
proliably  is  i-naphtbol-2-azobenzene,  melting  at  128®,  which  cannot  be  directly  made 
from  a-nnphthol,  l)ecause  it  is  convened  by  diazobenzcne  chloride  into  i-naphthol-2,4- 
(liNaziiljenzene  and  in  its  other  deportments  justifies  the  assumption  of  the  presence  of  u 
hydroxyl  Rroup  (B.  24,  1592;  a8.  24I4). 

'  The  naphlhol  azo-dyes  are  of  great  importance  in  the  color  industry.  They  are  pre- 
pared almost  exclusively  in  the  form  of  their  sulpho-acids,  which  are  formed  (i)  by  the 
union  of  the  naphthols  with  diazo-sul phonic  acids — e.  g-.,  a-naphthol  orange,  6H[i]- 

■     CVI,.SO,H..?naphtholorange,OH[2]C,oHj[i]N,C,H,SC),H,rocel. 

'*"      •  ■   "       [2^ 


lin,()llt2]C*   HJ 


,[i]N,.CJI,.  S<.),ll,  Bieberich  Scarlet.  OH[2]Cion*[i]N,.C.H,- 
I^SC),!!,  form  u-  and  ^^-naphthols  with  diazobenzcne  sul^^honic  scid, 
iliazonaph'thalene  sul phonic  acid,  and  su1phobenzeneazol)enzene  sulphonic  acid ;  (2)  ti 
tlu-  combination  of  diazo- salts  with  naphtholsulphonic  acids.  Compare  B.  29,  2945,  ki 
ilic  dyestufTs  obtained  from  napbthacetol  and  diazo-compounds. 

Aniiflonapbtholsy  together  with  amines,  are  obtained  by  the  reduction  of  azonaphtbok 
The  benzene  azo-p-nai)hthol  ethers,  when  reiluced  with  SnCl,,  yield  2-atti7ii/0-l^-amii9- 
naf^hthol  ethers^  ^'iollA(t>l^)(N!I,)(NnC,l!j);  the  aniline  residue  enters  coosequenlly 
into  the  nucleus  (IK  25,  1013) ;  compare  semidine  rearrangement  (p.  iiS). 

(d)  Naphthol  sulphonU  at  ids  have  been  made  in  great  numbers  and  introdaced  into 
trade.  In  method  of  preparation  and  chemical  behavior  they  exhibit  nothing  new,  whea 
compared  with  the  phenol  sulphonic  acids  (p.  156).  In  the  following  paragraph,  there- 
fore.  a  table  alone  of  the  representatives  of  these  groups  which  possess  a  technical  Talae 
will  be  introduced :  * 


n-Xaphtholmono-sulphonic  Acids  : 

(  JI,nll.S(),II 

I  2     Schaefter's  a-acid,A.  15a, 

293- 
I  3     K.  26,  R.  31. 

I  4     Neville     and     W'intlier's 

acid,  B.   24.  3157  ;   27, 

345*5;  A.  273,  102. 
I  5     l.-aci<l,  A.  247,  343. 

I  7     li.  22,  993. 

I  8     Schullkoprsacid,  A.  247, 

306  ;   H.  23,  3088. 


P'NaphihoI-mono-5ulphc9iit'  A,  ids  : 

2  6     Shaeffer's/?-aci(l.A.xs>i 

296. 
2  8     CrocHn    Acid,    B.    M, 

453  ;  M.  R-  654. 
2  5     )  -Mono-sulphonic  Acid, 

B.  22.  R.  336. 
2  7     F- or  (f- acid  (compare  p. 

319).    B.   20,   1426; 

22,724. 


aXaphthvIdisiilphonii  Acids  : 

Ciyll-OILSO,!!  .SO^II 

124  Disulphonic  Acid 
for  M  ar  liu  s  ' 
yellow,  p.  401. 

I  2  7     IK  25,  1400. 

138  f-Disul  phonic 
Acid.  B.  22, 
3227. 

1  4  6     I).  K.  1*.  41957. 

1  4  7     li-    24,    k.    709; 

29,  38. 

143     Disulphonic  Acid, 


fi'Naphthol'disulphonic  Acids  : 
CioHsOH.SOjH.SOjH 


0    R-acid,   B.  u. 

396. 

7  JDisulphonic 

Acid.    B.   90. 
2906. 

8  Disulphonic  Acid, 

C,    B.   26,  R. 
259.' 
8     G.acid,a24,R- 
707. 


*  Compare  Nietzki,  •*  Organische  Farbstoife." 
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^•Napkikol'irisuiphonic  Acids  : 


C|^40H.S0gH.S0,H. 
I         a         4 


SOgH 


Sul  phonic 

acid  for 

naphthol 

yellow 

SolphoDic 
acid  for 
Ckromo- 
trope  ^  B. 
24.  R. 
485. 


P-Naphthol-trisulpkonic  Acids  : 

CjoH^OII .  SO,H  .  SOjH  .  SO,H 

2368    B.  16,  462. 


^Consult  B.  27,  1207,  1209,  for  other /}- 
naphthol-trisulphoDic  acids. ) 


It  is  the  acid  of  Neville  and  Winther — of  all  these  acids — which  is  principally  used 
in  the  making  of  azo-dyes.  It  corresponds  to  naphthionic  acid.  It  is  obtained  in  its 
present  state  by  the  action  of  concentrated  sulphuric  acid  u{x>n  a-naphthyl  carbonate. 
The  R-acid  and  G-acid  also  meet  with  application.  They  unite  with  l)enzene  and  naph- 
thalene diazo- salts  to  form  a  series  of  Ponceau-  and  Bordeaux-6yes  of  the  most  varying 
hues  The  most  important  sulphonic  acids  of  /^-naphthol  are  produced  together  or  one 
after  the  other  in  the  sulphonation  of  /3-naphthol  in  the  manner  represented  in  the  follow- 
ing diagram: 

SchaeflTer's  8-Acid  R-Acid 

[2]./?.N.phthol— {^''„  t  !'«  tl}^ *'3.6.8 


2.8 

Crocein  Acid 


-^2,6,8 > 

G-Acid. 


The  naphthol  sulphonic  acids  containing  an  OH-  and  SO,H-group  in  the  1,8-  or 
peri-position  give  rise  to  anhydrides  having  a  lactone  nature ;  these  are  the  sultones 
(compare  sultams,  p.  399). 

Naptasultone,  Ci^Hg^  tq^J^  i  melting  at  154^  and  boiling  above  360^*,  is  formed 

by  decomposing  the  diazo-denvative  of  peri-naphthylamine  sulphonic  acid.  The  sultone 
dissolves  in  hot  alkalies  forming  salts  of  perinaphtholsulphonic  acid.  Sultones  have  also 
been  obtained  from  1,3,8-  and  1^,8-naphtholdi-  and  1,3,6,8-trisulphonic  acids. 

AmidonaphtkolsHlpkimic  Acids  are  produced  in  the  decomposition,  by  reduction,  of  the 
azo -derivatives  of  naphthol -sulphonic  acids,  and  from  nitrosonaphthols  by  reduction  and 
suI|4ionation,  both  ot  which  processes  can  be  worked  in  common  if  the  nitrosonaphthols 
be  treated  with  sulphurous  acid  (B.  27,  23, 3050).  In  this  way  i  ,2-nitrosonaphthoI  yields 
l,2^-atnidonaphthol8ulpbonic  acid,  C|oH5[i]NH,[2]OHr4]SO,H.  The  isomeric 
2,1,4-acidy  C|0H|[l]OH[2]NH,[4]SO,H,  produces,  even  when  oxidized  in  the  air, 

•O 
imido-oxymapktkalene-sMlpkanie  acid^  SO|H  .  CjoIIjr^   1     .     This  dye  is  black-violet  in 

color  and  is  fast  to  light  and  alkalies  (B.  25,  1400  ;  26,  1279).  The  2,1  ^6-actd,  C^^W^- 
ri]OH[2]NH,[6]SO,H,  is  used  as  a  photographic  developer  under  the  name  of 
^ikoHogen,  Important  dyes,  from  the  tecnnical  point  of  view,  are  2-amido-8naphthol- 
6-suIphonic  acids  G  (B.  25,  R.  830 ;  29,  2267)  and  l-amido-8-naphthol-3,6-disuIphonic 
acidH(B.  26,R.  460,  917). 

Dioxynaphthalenes, — Nind  of  the  ten  possible  isomerides  are  known.  The  hydro- 
naphthoquinones  resulting  from  the  reduction  of  the  naphthoquinones  are  worthy  of 
ifpition: 

/9-H]rdronaphthoquinone,  C|,H,[i,2l(OH)„  melting  at  60^,  separates  when  a  so- 
lution of  /3-naphtboquinone  is  boiled  with  sulphurous  acid.  It  is  strongly  corrosive. 
It  dissolves  in  the  alkalies  with  a  yellow  color,  which  becomes  an  intense  green  upon 
exposure. 

O'Hydronnphthoquinone,  CioII,[l,4](OII)2,  melting  at  173^,  is  obtained  from 
a-naphthomnnone  on  boiling  with  nydnodic  acid  and  phosphorus,  or  with  zinc  and  U^dxv^- 
chloric  acid.    Chromic  scid  resdilj  oxidizes  it  to  d-nap\ii\i(M\\uikQne. 
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2,3Dloxynaphthaleiie  melts  at  2160  (B.  S7,  76a).     Also  eonpm  A.  Hy>3S$'. 

1  I'.Dioxynaphthalene,  naphtkaresarctMoi^  melting  at  124^,  is  oUaiiied  ftosB  l,\Ar 
amidonaphtholsulphonic  scid.  It  yields  o-toluic  acid  when  fiised  with  cumk  poll* 
(8CC  p.  195  and  B.  19,  l6ll). 

2  -  Phenyl- 1  ;ydioxynaphtkalene^  melting  at  1 66^,  is  made  by  the  action  ti  cBBoainm 
sulphuric  acid  upon  n,>-diphenylacetoacctic  ester  (p.  39i)-  It  ahioAs  oiypa  arf 
changes  readily  to  phcnylhydroxy-a- naphthoquinone.  i^y-Dwj^rmcfktkmUm  ndts  a 
175®  ;  sec  B.  ag,  40;  z.TDioxynaphtkalene^  see  B.  30,  11 19. 

TrioxynaphthaUnes.'^'Xyio  trioxynaphthalenes,  a-  and  ^-Hydrojugloncs,  occa  ii 
ureen  walnut  shells  oi  Juglans  regia  (B.  18,  463,  2567).  a-Hydiojaclooe,  (Vl|- 
[  i^,5](()II)„  melting  at  169°,  is  produced  by  the  reduction  of  juglooe.  In  tbenr  i 
rapidly  oxidizes  to  juglone.  If  it  be  distilled  it  changes  to  /3-Hydrojaglotte,acliiC 
at  97^,  which  docs  not  yield  juglone  upon  oxidation.  It  reverts  again  lo  a-hydnjngkM 
when  boiled  with  dilute  alcoholic  hydrochloric  acid. 

i>2,5,6,-  Jetraoxynaphthalene^  melting  at  154®,  has  been  ptcpared  by  tbe  RdsdiflS 
of  naphthazarine  ( B.  28,  R.  543)' 

Thiofuiphthois  have  been  prepared  by  the  reduction  of  the  chlorides  of  niphlbilrsf 
sulphonic  acids  or  from  diazonaphthalenes  (compare  pp.  104,  156).  Thioiiulithol, 
naphthyl  mercaptan,  C,qH,  .  Sli ;  the  a-  form  is  liquid  and  boils  at  286^.  The  ^-ToirtJ 
melts  at  Si^  and  boils  at  286<'  (B.  aa,  821 ;  aa,  R.  327).  Phenyl-^- naphthyl  8al- 
phide,  melting  at  51°  (B.  24,  2266),  is  formed  when  the  iea^  salt^  (C,JH,-3Si1*. 
is  heated,  tt)gether  with  brombenzene.  Different  dinaphthyl  aulphidea  have  beea  pR* 
jiarid  l)y  hruting  the  naphthyl- lead -mercaptides.  Other  methods  have  been  emplq^ 
ill  making  them  ( B.  26,  2816).  Sulphur  chloride  and  /^-naphthol  yield  diozydinaphthyi 
sulphide,  S(C,o1l0  .  OH)„  melting  at  211®.     This  can  be  readily  oxidized  to  \dekj6^ 

comiKJund:  ^<    ***,*'-   (B-  *7»2993;  a8,  1 14)  (compare  quinones  with  two  nncki.  p- 

539).     Naphthalene  disulphydrates,  C|Qn,(Sn), ;  sec  B.  25,  2735. 

(10)  Quinones :  1,4-  or  a- Naphthoquinone  corresponds  to  benzo- 
para-quinone,  while  1,2- or /^-naphthoquinone  corresjx)nds  to  theortho- 
(liiinone  of  the  benzene  series,  which  is  only  known  in  certain  deri\'ativcs. 

The  same  views  as  those  indicated  on  p.  167  for  benzoquinone  argue 
for  the  constitution  of  the  1,4-  or  a-quinones. 

a-Naphthoquinone,  o  =.  [i]C,oHe[4]  =  O  or  (!)[-,-|C3H  mi'  ™«'^^°« 
at  125'^,  crystallizes  from  alcohol  in  yellow  plates,  subliming  under  loo^ 
It  ])ossesses  the  usual  qui  none  odor  and  is  very  volatile  in  a  current  of 
sitam.  It  is  formed  (i)  by  oxidizing  naphthalene  in  glacial  acetic  acid 
solution  with  chromic  acid;  (2)  in  the  oxidation  of  1,4-diamido- or 
1,4-dioxynaphthalene,  1,4-amido-naphthol  (A.  286,  70),  a-naphthyl- 
auiine,  etc.,  with  sodium  l)ichromate  and  sulphuric  acid  (B.  20,  2283), 
and  (3)  when  benzeneazonaphthol  is  treated  in  the  cold  with  PbO, and 
sulphuric  acid  it  is  decomposed  into  diazobenzene  sulphate  and  a-naph- 
thotpiinone  (B.  24,  R.  733). 

Nitric  acid  oxidizes  a-na|)hlhoquinone  to  phthalic  acid,  while  a-hydro- 
naphthoquinone  is  ])roduced  in  its  reduction.  See  the  nitrogen  quinone 
derivatives  (p.  406)  for  its  phenylhydrazine  and  hydroxylainine  deriva- 
tives. 

^^^tt*jrtV^/^^^^Y7j///M<?^<m^/r.—«. Naphthoquinone  takes  up  two  atoms  of  chlorine 

*nd  *?"*"**  ♦  tbe  addition  products  readily  part  with  hydrochloric  and  hydrobromic  acid* 

become   /3-Chlor-  and  ^-Brom-a-naphthoquinonea,  melting  at  117®  and  ijo". 
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HTpochlofoas  add  conTerts  a-naphthoquinone  into  diketotetrahydronaphthylene  oxuie^ 

•CO  — CH 
C^H^^  ^^      Ati^^»  which,  by  the  breaking-down  of  the  ethylene  oxide  union,  readily 

up  the  elements  of  water,  hydrogen  chloride  and  Nn,C^H5.  The  primary  ad- 
products  sustain  the  most  Taried  transpositions  with  great  readiness,  and  form : 
mxymapkihoquinone^  chloroxynaphthoquinone^  aniluio-oxytwphlhoquinone^  oxynaphthofui- 
mtrnt  mily  and  other  bodies ;  compare  B.  25,  3599. 

Amnd<hderivatives, — Alkyl-  or  alphylamidonaphthoquinones  are  produced  on  heat- 
ing primary  amines  together  with  a-naphthoquinone :  2-Anilido-a-naphthoquinone, 
C|9HgO,[2]NII.  C^Hj,  consists  of  red  needles,  melting  at  191^.  2-Ainido-a-naph- 
ttMquinone,  melting  at  203^,  is  formed  together  with  the  isomeric  oxy-a-naphthoqui- 
Done-imide  on  boiling  amido-a-naphthoquinone-imide  (p.  407)  with  water  (B.  27,  3337 ; 
B.  j8.  348). 

Oxynapkthoquinones. — 2-Ozy-a-naphthoqu!none,  naphthalic  acU^  CjqH.O,[2]OH, 
melting  at  188^,  is  produced  when  anilido  naphthoquinone  (see  above)  is  boilecfwith 
dHnte  sodium  hydroxide  or  oxynaphthoquinone  anil  (p.  407)  with  alcohol  and  sulphuric 
add.  /3- Phenyl-/?! -ozy-a- naphthoquinone,  melting  at  147^,  is  prepared  from 
B-plienyl-I,3-dioxynaphthalene  by  oxidizing  it  in  alkaline  solution  with  air  (A.  296,  18). 
lod-osynaphthoquinone,  lod-naphthalic  acid^  Cio^'/^[2]^H[3]^»  results  from  the 
iodtttion  of  naphthalic  acid  (B.  28,  348).  Dyes  of  the  paroxazine-  and  parftdiazinf 'Series 
ire  easily  made  from  the  o-oxy-  and  oamidonaphthociuinone  derivatives  (compare  also 
Ae  ocnreaponding  naphthoquinone  anils  p.  407)  and  o-diamines  (B.  28,  353). 

5-Ozy-42- naphthoquinone,  Juglone,  consbts  of  yellow  needles,  melting  with  decom- 
poaition  about  150-155^.  The  best  method  to  obtain  it  consists  in  oxidizing  a-hydro- 
jngione  with  ferric  chloride.  It  may  be  synthetically  prepared  by  oxidizing  (i,5)-dioxy- 
naphthalene  with  chromic  acid  (B.  20, 934).  It  dissolves  in  alkalies  with  a  violet  color. 
Nitric  ackl  converts  it  into  dinitro-oxyphthalic  acid  [Jut^ionic  aciil)  (B.  19,  164). 

Ozy-juglone,  Dioxy-a-naphthoquinone ^  melting  with  decomposition  at  220°,  is  pro- 
duced liy  the  oxidation  of  the  alkaline  solution  of  juglone  on  exposure  to  the  air.  An 
isomeric  5,6-Dioxy-a-naphthoquinone.  na/Z/Ma/is^/rtWornaphthazarine,  is  formed  on 
heating  various  a-dinitronaphthalenes  with  concentrated  sulphuric  acid  in  the  presence  of 
reducing  agents  (B.  27,  3462,  R.  959;  A.  286,  26).  It  corres(>onds  to  alizarine  (p.  427), 
which  may  be  imagined  to  have  arisen  from  naphthazarine  by  the  addition  of  a  benzene 
nucleus.  It  is  a  valuable  mordant  dyf.  honaphthazarine  is  probably  a  2,3-Dioxy-a- 
naphthoquinone.  It  is  pniduced  from  /^-naphthoquinone  by  the  action  of  a  little 
bloiching  lime  as  well  as  when  2,3-oxyanilido-a-naphthoquinone  (see  above)  is  heated 
with  bromine  (B.  25, 409,3606).  Carminic  acid,  the  coloring  substance  of  cochineal, 
is  an  homologous  dioxynaphtho(}uinone.  It  can  be  viewed  as  ^-met/iyl-zfi'dioxy-a' 
maphthoquimnu  (p.  433). 

^•Naphthoquinone,  C,oHe[i,2]0„  is  produced  on  oxidizing  i9-amido- 
a-naphthol  with  ferric  chloride  (B.  17,  R.  531  ;  21,  3472).  It  consists 
of  red  needles,  which  decompose  at  115-120°.  It  is  distinguished 
from  the  para-quinones  by  being  odorless  and  non.-volatile.  It  closely 
resembles  anthraquinone,  and  especially  phenanthraquinone  (p.  425); 

Jike  the  latter,  it  must  be  considered  an  ortho-diketone  :  C6^I«<(jo   co* 

Like  a-naphthoquinone,  it  can  add  two  atoms  of  chlorine  and  bromine,  and  by  the 
elimination  of  halogen  hydrides  Chlor-  and  Brom-/V-naphtboquinone8  are  formed.  A 
little  bleaching  lime  converts  ^-naphtho(|uinone  into  isonaphihaznrine  (together  with 
variovs  other  products,  A.  a86,  59).  This  is  a  dioxy.a-naptho(]uinone.  Such  a  re- 
arrangement of  4-oxy-  or  4-amido-/9-naphthoquinone  derivatives  into  oxy -a -naphthoqui- 
none compounds  is  a  phenomenon  that  has  l)een  frequently  ol»erved  (compare  oxy-a- 
naphthoqninone  anil,  p.  407).  An  excess  of  bleaching  lime  will  produce  a  rupture  in 
the  ring  of  ^-naphthoquinone  and  convert  it  into  the  lactone  of  o-phenylglycerol  car- 
boaylic  add  (p.  393). 
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Similarly,  3-Nitro-l,2-najphthoquinone,  melting  at  158®  and  obtained  fay  the  ntsi' 
tiun  «if  .^naphtho(luinone,  is  changed,  on  treating  it  with  chlorine  and  vaier,  ibid 
o  di»UTi\alivcsof  l)cnMne. 

).4-Dichlor- 1,2  naphthoquinone,  on  the  contrary,  is  first  rearranged  hj  alkalies  i* 
diciklor-indcne  oxy-carlK}xylic  acid  (p.  393).  Potassium  permanganate  oxidizes  ^-iifib- 
tlKujuinone  to  phthalic  acid,  while  sulphurous  acid  reduces  it  to  ^naphthobfdiD- 
.]uiiiune  (p.  403),  and  hydriodic  acid  to  /i-naphthol  (B.  a6,  R.  5S6). 

Nitrogen  Derivatives  of  the  NaphthcNquinones. 

(1)  Xaf*hthoifninone  PhenylhyJrazonfs  :  Unlike  the  benzene  quinones  (p.  l6o),loih 
thf  fi.  and  .{-naphthoiuinones  unite  with  phenylhydrazine  and  form  pkenyikrdrxam 
\\\.  a8,  2414U  which  are,  however,  to  be  viewed  rather  as  azo-naphtkois, 

(2)  Nitrosonaphthols  or  Naphthoquinoximes. — These  are  produced  whn  Ac 
alcoholic  solutions  of  the  a-  and  ,?  naphtho(]uinones  are  boiled  with  hydroxylamine  hTdn- 
cliloride.  and  by  the  action  of  nitrous  acid  u|ion  the  naphthols,  hence  tbeycanlcre- 
i:anle»l  as  nitroKmajihlhols,  t*,olL^f.»)(NOH)  or  C,^,H,(OH)(NO)  (com[)are  nitiwo- 
plienols,  p.  151 ).  Three  isomeric  bodies  are  formed;  their  relation  is  expressed  by  tk 
following  diagram : 


i"'"^1l 


NOH 

a-N.i|ihthi»-        a-Naphthoquinone  Oxime 
iiuinuiie  a-Nitroso-«-aaphlhol 


OH  NOR 


I  f-— ir 


-Naphthol  /I^Naphthol  s-Nitroso- 

0-niphihol 
^-Nlph:hoqDiBOO^ 
N-.-0|  aKtzime. 


^-N  .iplitho-      0-N:i|>hth<>quinone- 
»|ii!iniiie  /JHixinic 

^-Nittdso-a-naphthol 

'Ilic  throe  ivniiHMiilos  are  weak  acids.  Oxidation  converts  them  into  the  correspond- 
inij  uitriinaj.hth«»l>  (p.  40I ). 

'.'  Nitroso  r/  naphthol,  n -Naphthoquinone  Oxime,  melting;  at  190°,  and  .?-Nitroio- 
./  naphthol,  i  Naphthoquinone  ■^oxime,  nirlting  at  152°,  are  colorless  i:ompour.d5 
>  N.\)ilith(H|uiniii)('  oxiine  is  best  made  from  X-oxy-2-naphthoic  acid  (p.  408)  with  nitrLms 
:ui(l,  wlien  \\\v  carlK)\yl  j^roup  is  split  off  (!».  26,  1280).  ci - N itroso- J  naphthol, 
^  u,ipht)u;fuiu.^Ht'  u-ovime^  consislinj;  of  yellow-brown  prisms  nieltinjr  at  lott**,  predpi- 
l.iics  ditVennt  lucials  fr«nn  their  salts,  and  may  be  used  to  sei>arate  nickel  from  colaJt, 
iniM  from  almninium,  ami  for  the  determination  of  cop))er  \\\,  18,  2728;  20.  2$3). 
Wty'Uhol  i:;reen  (P..  24,  3741).  a  wool  dye.  is  the  iron  salt  of  a-Nitro80-:^naphtbol 
Sulphonic  Acid,  ('„J1  |i  S(  )3li  )()(NOH),  obtained  by  the  action  of  nitrous  acid  npoQ 
Sdiaetltrr's  ,^  nnjilithol  sulphonic  acid  (p  402).  Consult  B.  30,  187,  for  the  product 
obtaiiictl  in  the  action  o(  NO^-vapors  uj>on  Schaeffer's  ,3-acid. 

The  ethers  (»f  the  nitroso-naplithols,  derived  from  the  silver  salts  with  methyl  ioiWe 

and  jiartly  from  the  (luiriones  with  alkylhydroxylamines.  are  reduced  toamidonaphtholsbr 

tin  cliloriile  (15.  18,  715,  2225),  a  prixif  of  the  •*  oxime  formula  "  of  the  nitrosonaphihol*. 

XT       W  t-  .-N.OII  , 

'i-Napnthoquinone  Dioxime,  C,^ll5-i,4-<;    ^  ,  is  formed  from a-nitroso-aiiipn- 

thol  with  hvdroxylamine  hydrochloride.     It  melts  at  207<>  (B.  ai,  433). 
'\  M     u.u        .  '  -^N  .Oil 

/i-Naphthoquinone  Dioxime,  CJL -1.2-'''  t   is  derived  from    i?-nitros<K- 

"^    *         \N . OH 
j»phthol  and  from  n  nitroso  ,^  naphthol  by  the  action  of  hydroxylamine  hydrochloriJc 
^    •  17,  20O4,  25S2V     It  melts  at  149°.     After  the  maimer  of  the  glyoximesit  foimstlx 

''"h'dfUt,  (',„!  I,  I  p2l jsi^^^^'  melting  at  78°,  when  digested  with  alkalies.     ThU  com- 
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nifty  ftlso  be  designftted  naphtho-furazane.     The  reduction  of  the  dioximes  gives 
me  to  naphthylenediamine. 

(3)  Naphthoquinone  Chlorimides  (p.  1 72)  :  These  are  made  from  amido-naphthols,  and 
the  dichlorimides  from  the  naphthylene  diamines  with  a  bleaching  lime  sohiiiun  (13.  27, 
358).  They  resemble  the  benzoquinone  chlorimides,  but  do  not  exhibit  the  same  dye- 
stuff  condensations  fts  the  former  (B.  27,  242). 

a- Naphthoquinone  Chlorimidc,  C,oII,[i,4](NCl)0,  melts  at  109®. 
a- Naphthoquinone  Dichlorimide,  C,oli0[i,4](NCI)3,  melts  at  137*'. 

/9-Naphthoquinone-a-chIorimide,  melting  at  87°,  and  /3-Naphthoquinonc-/9-chlor- 
imide,  decomposing  at  98°,  are  derired  from  2.1- and  1,2-amidonaphthoIs;  they  yield 
/9,a-  and  a,/?-nitrosonaphthols  with  hydroxy lamine.  /J- Naphthoquinone  dichlorimide 
nelu  at  io5<^. 

(4)  Naphthoquinone  inndes  and  Anih  :  The  indophcnol  and  indo-anilme  dyes  of 
the  naphthalene  series  belong  in  this  group, — e.g.y  fi-Naphthol  Blue  or  Indophenol, 
Cj0Hg[l]O[4]N.C,H4N(CH,),, — which  results  when  naphthol  interacts  with  dimethyl- 
p-pheoyfenediamine  or  nitrosodimethyl  aniline.  The  simple  a-naphtho^uinonc-imide  is 
not  known.  2-Amido-l,4-naphthoquinone-imide,  diimidonuphthol,  C^^^\t^[2]^\\y 
ri]0[4]NH  (A.  154,  303),  is  produced  in  the  oxidation  of  i-oxy-2,4-dianiid()naphtha- 
fene.  Boiling  water  changes  diimidonaphthol  to  2-oxy-i,4-naphthoquinonc-imide, 
melting  at  195^  (B.  23,  2454) ;  aniline  to  2  anilido-i,4-naphthoquinone  anil,  CiqH.- 
[2jNHC,H5[i]0[4]NC,H5,meltingali87°(B.  13, 123;  21,391,676):  with  hydroxyl- 
amine  an  oxynaphthoquinone  oxime,  which  consists  of  two  modifications,  red  and 
yellow,  which  can  be  changed  one  into  the  other  (B.  29,  1415).  2-Oxy  1,4-naphtho- 
quinone  anil,  melting  at  240°  with  decomposition,  is  produced  by  the  action  of  aniline 
in  the  cold  upon  /3-naphthoquinone-4-sulphonic  acid,  the  oxidation  product  of  1,2- 
amldonaphthol-4-sulphonic  acid.  This  is  an  instance  of  the  rearrangement  of  a  /3-  into 
an  a -naphthoquinone  derivative.  The  p-diamines  react  in  a  manner  similar  to  aniline,  so 
that  in  this  way  hydroxy!  indaniline  dyes  (see  above)  can  be  obtained  (B.  27,  25,  3050). 

a-Naphthoquinone-phenyldiimide,C,oH^(NlI)(NC0?l5),  melting  at  129°,  is  formed 
opon  oxidizing  p-amidonaphthylphenylamine  with  mercuric  oxide  (A.  286,  186). 

/^-Naphthoquinone-imidea,  also  called  imido-oxy-  or  imidoketone  naphthalenes^ — 
/.  ^.,  C,jH,-l,2-0(NH)  (pp.  401,  403),— are  produced  when  the  alkaline  solutions  of 
the  1,2-amidonaphthols  are  oxidized  with  air. 

II.  ALCOHOLS  OF  THE  NAPHTHALENE  SERIES  AND  THEIR  OXIDATION 

PRODUCTS. 

A.  Alcohols:  Naphthobcnayl  Alcohola,  Naphthyl  Carbinols,  C,oH,.  CH, .  OH, 
the  a-  melting  at  60®  and  boiling  at  301°,  and  the  /i-  melting  at  80®,  result  when  their 
amines  are  treated  with  nitrous  acid  (B.  21,  257).  The  naphthobenzyl  chlorides, 
C.,H^CH,C1,  the  a-  boilUig  at  178°  (25  mm.)  and  the  ;?-  melting  at  47°,  arc  formed 
wlien  chlorine  acts  upon  the  two  methyl  naphthalenes  (p.  394)  at  a  boiling  temperature 
(B.  24,  3928).  Naphthobenzylamines,  menaphthylamines^  ^10^7  ■  ^^^s  •  ^Ilf  ^^^  ''- 
boiling  at  292^  and  the  /3-  melting  at  60°,  have  been  made  by  the  reduction  of  the  cor- 
responding naphthoic  acid  thiamides,  as  well  as  of  the  naphthonitrile.s. 

B.  Aldehydes^  Ketones  :  When  the  naphthyl- methyl  alcohols  are  oxidized,  the  products 
are: 

a-Naphthaldehyde,  CiqH.  .  CIIO,  boiling  at  291®,  and  /3-Naphthaldchyde,  melting 
at  59<*  (B.  20,  1 115  ;  22,  2148). 

a-Naphthyl-methyl  Ketone,  Acetonaphthone^  CjoII, .  CO .  CH,,  is  derived  from 
naphthalene  and  acetyl  chloride  by  means  of  aluminium  chloride.  It  melts  at  34®  and 
boils  about  295^.  Its  chloride  splits  off  hydrogen  chloride  and  becomes  a-naphthyl 
acetylene^  OiAl^.CiCH.  Potassium  permanganate  oxidizes  the  ketone  to  a-naphthyl 
glyoxylic  acid,  C,qH,CO.  COOH,  melting  at  113°,  which  is  also  formed  by  the  sa{K>ni- 
Scation  of  naphthol  cyanide  obtained  from  a-naphthoyl  chloride.  By  reduction  it  Incomes 
a-napktkyl acetic  add,  {:y^H^,C\\j,.CiJO\\^  melting  at  131^  i-Naphthol-3-methyl 
Ketone,  C,oH,[i](OH)[3](CO.  fill,),  melting  at  174°,  is  formed  from  jS-benzal  Uwu- 
Unic  acid  by  condensation  (p.  39I  and  B.  24,  3201).  See  B.  28, 19^6,  fot  \;2.-Twa.v^>\!w^ 
methyl  ketone. 
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V. .  Naphthalene  Monocarboxylic  Acids  : 

«i-Naphthoic  Acid,  C,oH7-«-COjH,  melting  at  i6o®,  isdcriTedfiw 
a-napluhoniirile  by  sai>onificalion  (B.  ao,  242;  ai,  R.  834);byfiBinj 
u-naphthalcne  sulphonic  acid  with  sodium  formate;  by  the  action  of 
sodium  on  a  mixture  of  a-brom-naphthalene  and  chlor-carbonic ester; 
and  from  naphthalene,  urea  chloride,  and  aluminium  chloride  (B.  q, 
II 90).  ^-Naphthoic  Acid,  melting  at  182°,  is  formed  from ^-napbtho- 
nitrilc  (H.  24,  R.  725),  as  well  as  by  the  oxidation  of  ^-alkylnajAtto- 
Icncs  \\\.  17,  1527;  21,  R.  355).  Both  acids  are  decomposed  whai 
heated  with  baryta  into  CO,  and  naphthalene. 

HoHwloi^oui  XaphihttUne  Carboxylic  Acids:  a*N«phthyI-acetic  Acid,  CnH,-*- 
(If,  .  C'i )(  MI,  melting  at  131°,  ha»  been  made  by  the  reduction  of  a-naphthrl  glfoiflk 
ncid  (]>.  407),  while  the  Aadd^  melting  at  139°,  has  been  prepared  by  means  o(  the 
cy:ii»i«le  fr(»iii  .^n;lJ^hlhobcn7)l  chloride  (11.  29,  2373). 

,^ Phenyl-  .ind  .^Naphthyl-a-naphthoic  Acids  are  the  ckrysenu  and  fiinoi  aciia 
(hec  rliryst-no  and  ]Mcenc,  p.  416). 

Subitiiutcd  Xitphtkoic  And%  :  The  nitration  of  a- naphthoic  acid  produces  1,5- »i 
i,S  nitronaphthoic  acids,  melting  at  239^  and  275°  respectively.  Boiling  niiric  idd 
roiivi-rts  them  into  I.5  (/i)  find  I,8-(f^)dinitronaphthaIe^e  (p.  396).  1,4-NitronaphtbOK 
acid,  mrlting  at  220°,  results  u^wn  sa|K>nirying  the  nitrile,  which  is  formed  on  tiddag 
(he  dia/.o  (Urivativc  of  1,4-nitronaphthylamine  with  potassium  cu]>rous  cyanide. 

IVrriiii*;  sulphnte  and  ammonia  reduce  the  l.S-.icid  to  a  stable  amido-napbtfaaic 
acid  (I.5)  .  HKlting  at  212°  [\\.  ig,  1981^,  whereas  the  same  reagents  redGce  tk 
i.S  acid  to  I  i,S)  (If  {>eri-amido-naphthoic  acid,  which  when  free,  passes  like  tbe  li- 
aiiiitUi  s\i1  phonic  acids  (p.  399).  quite  readily  into  its  inner  anhydride,  NaphtbostjriL 

*  >''^'i  I  KinVp  "»*-'^*'"«  ^^  '79°  (15-  19.  II30-      1,4-Amidonsphlhoic  Acidmehsit 
I77'^  ill    28,  iS^j). 

S(  I-  1:.  24,  K.  0^7,  for  the  nitro.?  naphthoic  acids.  2. 3- Am ido- naphthoic  Acil 
lilt  I'.iiiL;  :ii  Ji  }  ',  results  n[>on  treating  the  corresix)nding  oxy -naphthoic  acid  wiihannHca 
(  I'..  28,  .;i'S.)). 

Ci  j////'/M '/.  ./.7./s  X.iphthol  Carboxylu  ^.iV/j,  conUining  the  OH-  and  OX»H- 
iMniips  in  lilt'  oitlio-pMsiiion,  are  j)rej>arcd  like  the  orthophenol  carboxylic  acids — ».^|1* 
licatinjj  tht'  soiliiun  niplitlinlatt'S  with  CO,  mider  pressure. 

I..'  (//  )  Naphthol  Carboxylic  Acid,  Ci^H^I  i](C)H)[2](ClX>H).  melting  at  iS6=.i$ 
tornic'l  from  n  iiaplitliol.  and  tV<Mn  .f  naphthol  S(Kliun)  with  carl)on  dioxide  and  prtSMi^ 
at  i.'o- 145"  ;  2,1  (  ^)  Naphthol  Carboxylic  Acid,  melting  with  decora(H>siiion  aiijo'. 
i>^  siniilaily  pruilmed.  whilr  if  .fnaphlhol-s<xliMm  he  hcate<l  more  strongly,  200-250*,iD« 
c  iirn.nt  of  (*ail'<»n  (lioxi«le,  the  j^roduct  will  Ik.'  2^yniiphthoI  ttirbo.xylit  a^iti^  melting  at  2 16'- 
riu'  2,1  (,j)  naplithol  t  .irl)o\ylic  acid  i^  distinguished  by  the  easy  mobility  of  its  carto^T^ 
^n)iip.  I  lrati<l  alonr,  or  whrn  boiled  with  water,  it  changes  to  ..i-naphthol  ;  nitrous icd 
<:onv(  Ti-,  it  itito  n  nilmso-.^naphthol  («ief  p.  406  lor  method  of  pre{)aration I,  and  dii«>- 
I"  ii/cnf  salt^  into  1m  n/enc  a/o  .^naphthol,  etc.  The  2,3-acid,on  the  other  band,  is^efT 
Malitr,  and  r^•s<lnl.]f^  salit  ylic  acid.     Because  of  its  striking  and  remarkable  yellow  cokf 

yCH,— CO 
tln"  Uixmyi\Au{  2i  ketodihviiyoUiiphthoic  aad^CA\.(^  \  ,    has  been  pro- 

•     \CH  =C.COOH 
jioscd  for  this  acid.      'Ihc  bfhavior  of  the  acid  toward  phenylhydrazine  supports  tkii 
view  :  it  is  vny  probable  that  at  first  a  hydrazine  is  pro<luced,  which  subsequently, orog 
to  indol  conilen>ation,  forms  a  phenonaphtho-carbazole-carloxylic  acid  (B.  29,  265). 

lyaphihoxiiHthoms,  CjoHc'  ^o  "^loHs  (1^-  *5.  1642)1  are  produced  when  the  tlires 
o  naphthol  carboxylic  acids  an:  heated  with  acetic  anhydride. 

(I.S)-  or  {>eri  Naphthol  Carboxylic  Acid  is  derived  from  (i,8)-aniido-naphtboic 
acid  l»y  means  of  the  diazo-compound.     It  breaks  down  into  water  and  its  y-laitcmt^ 

^-iolU||gj(jo>»  melting  at  169°. 
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StS-Oxjnmphthoic  acid  and  diazobenzene  chloride  yield  a  mixed  azo-compouud.     Re- 

dncUoD  ooDveits  this  into  1.2,3-amido-ozynaphthoic  acid,  which,  on  boiling  with  sul- 

.  wkauic  acid,  becomes  1,2,3-dioxynaphthoic  acid.     This  can  also  be  obtained  from 

-.  Jk-mphthohydroquinooe  and  carbon  dioxide,  and  by  oxidation  it  is  changed  to  ^-naph- 

.1lMM|ninoiie-carbozylic  acid  (B.  a8,  3089).     Consult  B.  29,39. 

D-  Naphthalene  Di-  and  Poly-carboxylic  Acids:  Six  of  these  acids 
are  known.  It  is  remarkable  that  the  1,8-  or  peri-acid,  so  called  naph- 
thalic  acid,  C,oHi[i,8](COOH)a,  is  produced  by  the  oxidation  of 
acenaphthene  (p.  410),  and  also  from  its  half-nitrile^  which  is  made  by 
H4X>nifying  the  diazo-derivative  of  peri-amidonaphthoic  acid.  The 
following  diagram  represents  the  relations  of  a  series  oi  peri-naphthalene 
derivatives  : 


NO,       NOi 


NO, 


GOGH 

I 


NHi       COOH 
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OH       COOH 
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COOH  COOH 
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oaphtboic 
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Acid 


Naphthalic  Acid 


Acenaphthene. 


Jnst  as  in  the  case  of  other  peri-derivative.s,  so  here  naphthalic  acid  when  heated  to 
180*  breaks  down  without  melting  into  water  and  its  anhydride^  Qy^XJ^CO)^^^  melting 
at  266^,  which  like  phthalic  anhydride  condenses  with  phenol  to  phenol-napkthaldn^ 
-  „  /QC^H^OH), 
V»"fv  (^Q>0  (B.  a8,  R.  631).    Compare  B.  28, 360,  for  naphthal-imide,  -anil,  and 

-phcnylhydrazil.  1,2-Naphthalenc  Dicarboxylic  Acid,  obtained  by  the  saponifica- 
Hoo  of  its  nitrile,  melts  at  175^  and  passes  into  its  anhydride,  melting  at  105^  (B.  25, 
247S)-     1 ,5-Naphthalene  Dicart>oxylic  Acid,  B.  29,  R.  516. 

Naphthalene  Tetracarboxylic  Acid,  C|oll4[i,4,5,8](CO,H)4,  with  the  carboxyl 
groapa  in  the  two  peri-positions  of  naphthalene,  results  wnen  pyrenic  acid  is  oxidized 
(B.  90.  365). 

NaphtkonitrileSy  Cyapi-naphthalenes  :  Naphthonitriles  may  be  obtained  by  the  distil 
lation  of  the  alkali  salts  of  the  naphthalene  disulphonic  acids,  or  the  phosphoric  esters  of 
the  naphthols  with  potassium  cyanide  or  yellow  prussiate  of  potash  (B.  ax,  K.  834). 

a-Naphtho-nitrile,  a-Cyan-naphtbalene,  Ci^II^ .  CN,  melting  at  37^  and  boiling 
at  298^,  has  also  been  prepared  from  formnaphthalide.  CiqH,  .  Nil .  COH,  as  well  as 
from  a-naphthalenc  diazochtoride  by  means  of  copper  and  potassium  cyanides. 

/9-C3ran-naphthalene  melts  at  66^  and  boils  at  304^.  1,2-Dicyan-naphthalene, 
C|fHf[l,2]^CN),,  melting  at  190^,  is  produced  when  1,2-chlomaphthalene  sulphonic 
aad  IS  distilled  with  potassium  ferrocyanide  (B.  25,  2475).  For  additional  isomeric 
dicyan-naphthalenes  see  A.  152,  289 ;  J.  1869,  483,  etc. 

12.  Dinaphthyl-  and  Dinaphyl-methane  Derivatives:  Different  isomeric 
dinai^lthjrla  have  been  made  by  conducting  the  vapors  of  naphthylene  through  tubes 
heated  to  redness,  by  heating  naphthalene  with  AlgCl^,  or  from  brom-naphthalene  and 
id  by  heating  mercury  dinaphthyl,  IIg(C,oHy)„  etc.  (B.  28,  R.  184V 
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The  diamldodinaphtliyls  or  naphtidines,  concniottdiiig  to  the  hrmHinficr&Mi^ 
diphenyls,  result  from  the  reuniigeiiient  of  the  hydimaoMphthalenei,  or  diiCGd|  bm 
the  naphthylamines  by  the  tctkiD  of  80  per  cent.  saJpharic  acid  in  preMOce  of  ooddol^ 
such  fts  ferric  oxide,  etc.  (R  15,  R.  949)-  Similariy.  naphlbob  and  fenic  chkride  yUi 
dinaphtbols. 

Dinaphihjlmethmne  deriTttiTes,  like  a-dinnphthol  methane,  CIL(CyH^«^H)p 
Aiid  ethidene-A-dinaphthol,  CHg.CH(C|.H,OH)„  have  been  made  by  £e condcaM- 
lion  of  naphthols  with  aldehydes.  The  prodncta  from  the  latter  and  ^u^ilidiol  leriir 
part  with  water  and  become  xantAfius^hencc  they  in  all  probability  cootaiB  the  iftyl- 
ideue  groups  in  the  o-poaition  with  reference  to  the  hydroxyla :  ^-Dinaphdiol  mtthn^ 

inciting  at  190<',  yields,  with  FOCI,,  dmapkikaxantkeme^   ^^%<^>^^p  *^ 

l>cnzaldehyde  and  y^naphthol  at  once  form  xas-pkemyimapkiJUxaniJUtu^  C^CH((yiJ^ 
( H-  as,  3477 ;  a6,  S3),  together  with  an  acetal  (see  I,  p.  aoo). 


13.  Acenaphthene :  Acenaphthene,  or  peri-uE/4^iSn*<  NaphihyUne^ 


■•^^ 


melting  at  95**  and  boiling  at  277^,  is  a  peculiar  derivatiTe  of  naphthalene,  wind  is 
obtained  by  conducting  a-ethyl  naphthalene  throogh  a  red-hot  tube,  or  by  the  adioB 
of  alcoholic  potash  upon  a-brom-ttkyl  nm^kalene^  C^H, .  C^H^Br.  It  alaooonasia 
coal  tar.  Inasmuch  as  acenaphthene  is  oxidized  by  sodium  bichromate  and  mlphnx 
acid  to  naphthalic  acid  (p.  409)  the  side*chain  C^H^  most  be  arranged  ia  tfaetwoperi- 
l>ositions  (i  and  8)  of  naphthalene.  Acenaphthene-quinone,  C|9H,(00)p  ndiiBg  it 
261®,  is  a  by-product  in  this  oxidation.     Zinc-dust  and  acetic  acid  reduce  it  to  1 


tenone,  CjoH^  .  CH, .  CO,  melting  at  121^,  while  hydriodic  acid  and  phoqihoms  dnB{e 

it  to  bisacenaphthylidene,  (Cj^H, .  CO .  C  :)„  melting  at  294^,  and  alkalies  decoaipoe 
it  into  naphthaUehydic  acid  (B.  a6,  R.  710;  A.  ago,  I95)  : 

Bisacenaphthylidene  C,H,(?'    "«0  >  C^H,^^"^       or  C,H  /'T' 

/CIL  I  ^CO  ^COOH  ^CO 

C.ollg/   I      ^ ]      Acenaphthene-  Naphthaldehydic Acid. 

\(jQ  quinone 

Acenaphthcnone 

\Vhen  the  vapor  of  acenaphthene  is  conducted  over  lead  oxide  heated  to  redness  two 

atoms  of  hydrogen  split  off  and  acenaphthylene,  Ci^II,/  n      results.     This  forms  nl 

\CH 
lou'  plates  (p.  419)  (B.  26,  2354),  melts  at  920  and  boils  at  2700  with  decompositioA. 
C  hromic  acid  also  oxidizes  it  to  naphthalic  acid. 

14.  Hydronaphthalene  Derivatives. 

Hydronaphthalcnc  compounds  attach  themselves  to  naphthalene  just 
as  the  hydroaroinatic  benzene  derivatives  did  to  benzene.  Naphthalene 
and  its  derivatives  take  up  hydrogen  and  the  halogens  more  readily  than 
HH  ^^"^P^""^^  ^^  benzene.  Those  naphthalene  derivatives  which  have 
added  hydrogen  to  one  nucleus  alone  are  remarkable  and  interesting 
bet*^^  ^^^y  manifest  in  one  substance  the  differences  which  prc^-ail 
"on^  h^",  ^"  <^romatic  and  a  hydroaramatic  or  alicycUc  nucleus.  While  the 
tains  ih^°^^"'^^^  nucleus  of  the  resi)ective  naphthalene  compounds  rc- 
on  the  ^  *^°"^^^^^  proi)crties,  the  hydrogenized  aKcyclic  nucleus  assumes, 
Contrary,  the  nature  of  a  fatty  radical,  and  as  a  consequence  the 


DIHYDRONAPHTHOIC  ACIDS.  41 1 

J     whole  system  acquires  the  character  of  an  homologous  benzene  derivative 
r     (Bamberger,  A.  257,  i). 

A.  Dihydronaphthalene  Derivatives :  Dihydronaphthalene,  Ci^Hiq,  melting  at 
15^  and  boiling  at  212^,  is  formed  when  naphthalene  is  reduced  with  sodium  in  a  boil- 
ing ethyl  alcohol  solution.  The  entering  hydrogen  atoms  assume  the  1,4-position,  be- 
cmse  the  hydride  yields  o-phenylene  diacetic  acid  when  it  is  oxidized.  It  can  be  viewed 
■a  the  hydrocarbon  of  a-naphthoquinone  if  the  latter  be  considered  as  a  diketone. 
Dihydronaphthalene  resembles  the  olefines— ^.  g.^  ethylene — in  that  it  readily  takes  up 
two  univalent  atoms  or  radicals.  Thus  with  bromine  it  forms  a  dibromuie,  with  hypo- 
ciilonNis  acid  a  glycolchlorhydrin  (p.  412).  Tetrahydronaphthylene  oxide  (p.  412)  can 
be  easily  obtained  from  the  latter  and  is  capable  of  rearranging  itself  to  i,2-dihydro-/3- 
naphttaol,  CqH,oO,  boiling  at  162-168^  (28  mm.),  which  may  be  oxidized  todihydroiso- 
comnarin-carboxylic  acid  (p.  392),  and  when  it  splits  off  water  naphthalene  is  produced 
(A.  238,  74) : 

yCH^CH.  yCH-— CH.  XH,— CHv      ^  /CH,— CHOH  /CH=CH 

^•H^v  I    >C,H,/^     ^     I,   >q,H,(  I    )o>C,H,(^  I  >C,H,<^  | 

^CH=CH  ^CH,— CH  CH,— CH  ^CH  =CH  X:H=CH 

Naphthalene    Dihydro-napbthalene       Tetrahydro-  DihydrcHS-uapbthol      Naphthalene. 

naphthalene  Oxide 

Naphthalene  Dichloride,  C,oHgCl„  is  a  yellow  oil  formed  when  naphthalene  is 
Created  with  potassium  chlorate  and  hydrochloric  acid.  It  changes  to  a-chlornaphtha- 
Icne  at  40-50^,  and  by  the  elimination  of  hydrogen  chloride. 

Dihydronaphthoic  Acids:  Sodium  amalgam  reduces  the  a-  and  ^-naphthoic  acids, 
two  hydrogen  atoms  being  added  to  the  nucleus  already  carrying  the  carboxyl -group, 
and  in  the  cold  there  result  unstable^  and  when  heat  is  applied  stable^  dihydronaphthoic 
acids,  C«,H,.CO,H: 

a-Stable  melting  at  125^;  /^-stable  melting  at  i6i^. 
a-UnsUble*<        **    qi'' ;  /3-unsUble  **        "  1040. 

The  unstable  pass  into  the  stable  modifications  on  boiling  them  with  caustic  soda. 
Potassinm  permanganate  oxidizes  the  stable  a-acid  to  hydrocinnamic  acid,  while  the 
unstable  acid  yields  oxalic  acid  and  phthalic  acid.  The  dibromide  of  the  unstable 
/9-acid,  in  contrast  with  the  stable  modification,  readily  changes  to  a  brominated  lactone. 
All  these  facts  point  to  the  following  formulas  for  the  stable  a-  and  the  unstable  /^-acid 
(A.  266,169):  

I  I 

.CH, CH,  .CH- CH,  .CH=CH  .CH— CHBr 

^"*\    /         .       I->C,H,<  I  C^H,(  I  J.C,H,(  I  I 

C(C00H)=CH  COOH    COOH  CH, .  CH.COOH  CH,-CH.CO-0 

Stable  Dihydro-o-  Unstable  Dihydr<Hi- 

naphthoic  Acid  naphthoic  Acid. 

The  dihydTO-/}-adds,  when  oxidized  with  potassium  ferricyanide,  revert  again  to 
/^-naphthoic  acid. 

B.  Tetrahydronaphthalene Derivatives:  Tetrahydronaphthalene, C,oHi,, boil- 
ing at  ao6®,  is  formcKl  in  the  reduction  of  naphthalene  with  sodium  in  amyl  alcohol 
folntion;  also  from  ar-tetrahydronaphthylamine  by  the  elimination  of  the  NH,-group; 
hence  the  H-atoms  are  only  present  in  the  one  nucleus.  Naphthalene  Tetrachloride, 
Cg^jpClf,  melting  at  182^,  is  produced  when  chlorine  is  conducted  into  a  chloroform 
aofamon  of  naphthalene.  Boiling  alcoholic  potash  changes  it  to  dichlomaphthalene 
In.  J95).  See  B.  28,  R.  392,  for  the  oxidation  of  naphthalene  tetrachloride.  Consult 
B.  a4«  R.  713,  for  the  chlorine  addition  products  of  chlorinated  and  sulphur-containing 
naphthalenes.     Naphthalene  Tetrabromide  melts  at  iii^  (C.  1897,  i,  984V 

The  ntt>lithylamine  and  naphthol  hydrides  are  particularly  interesting.  Sodium  acting 
•pon  the  boiling  amyl  alcohol  solution  of  the  naphthols  and  naphthylamines  causes  these 
bodies  to  add  four  hydrogen  atoms  each  to  one  nucleus.  If  the  latter  carries  the  NH,- 
or  OH-gnmpy  the  body  formed  no  longer  possesses  the  character  of  a  naphthylamine  or  a 
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n.iphihol.  but  liAs  that  of  a  beniene  homologue,  amidated  or  bearing  the  OH  gmpii 
the  >i<le  chain.  Should,  however,  the  noa-ftobstiluted  nucleus  be  h}-dn)gauied,tbca ibe 
jii<HUiri»  ao]uire  the  nature  of  homologous  anilines  or  phenols.  £.  Bamberger,  win 
iiF'^t  nl>»crviil  these  relations  and  explained  Ihem,  draignaffd  the  second  claisof  ictn- 
h}dru  derivatives  as  aromaiii  (ar-),  and  the  first  class  as  ali^atic-cyclu  «  aUtji&c\^\. 


t  -OO:    OCc 


H:^(KJ 


AC-TetrahyiIro-  ar-Tetrahydro-  ar-,  ac-Tetrahr<lr»- 

a-iMphthylamine  0-iiaphlbol  i  ,5-naphthyleiie  Diaoiiae. 

a  Naphiliyl. inline  and  a  naphthol  upon  reduction  yield  ar-tetrahydro-a-naphtbyUsuac 
ami  -naphthol.  while  the /)  com|iounds  fonn  IxKh  the  ar-  and  the  ac-tetrahvdn>-deiiviti«v; 
the  liUter  prodnniinates.  I,5-Naph(hylene  diamine  yields  ac-.  ar-tetrahydro-naphlbjlnK 
tiianiine,  which,  liy  elimination  of  the  aromatic  NH^-group,  forms  ac-tetrahjdiiHi-Diph- 
thylaniine : 

ar  Tetrahydronaphthylamines.  NH, .  C.H,  :  (C^H^).  The  a-body  bofls at  275* 
and  the  .^fornl  at  276®.  i'hey  are  feeble  bases  and  form  diaxo-  and  aB>-€oiBpoi»ds. 
I'liey  exercise  a  reducing;  power  with  salts  of  the  noble  metals.  By  oxidatioD  witb  pocu- 
:>iuni  perinan};an:ite  all  yield  odipic  acid  and  oxalic  acid  (p.  393). 

Chromic  acid  oxidizes  the  a-compound  to  ar-tetrahydro-a-naphthoquinooe,  C|H,- 
<^  ••  l^'ilU).  nielting  at  55°,  which  in  every  respect  resembles  benzoquinoDe-^./^li^ 
the  latter,  it  does  not  form  a  hydrozone  with  phenylhydrazine  (compare  p.  406}.  ac- 
Tclrahydronaphthylamines.  C^H^ :  (CH^  .  Nil,)  ;  the  o-lxxly  boils  at  246"  an*!  Ae 
.^  at  240°.  ihey  are  strong  bases,  which  absorb  carbon  dioxide  from  the  air.  Tb<7 
do  noi  ioiin  (ii.izo-dorivalives.  Potassium  permanganate  ruptures  the  hydrogrolzed  ring 
arnl  pnxliiccs  o-cinnani-carboxylicacid. 

ac  .  ar-Tetrahydro-i,5-naphthyIene  Diamine,  NH,.  C^H,  :  (C^H^NH,).  melting  it 
77  *  ami  boiling  al  2r>i°,  combines  in  itself  both  the  properties  of  an  aromatic  and  of  10 
alicyclic  nminc.  It  contains  an  asymmetric  carbon  atom,  and  has  been  re:»olTed  into  a 
(It'xlM)-  ami  a  l.i  vivnioilification. 

ar  Tetrahydro-u  naphthol,  OH  .  C-H3  :  (C^Hg),  melting  at  69®  and  boiling  at  265^ 
is  ;i1m)  derived  from  ar  tetrahydro-o-napnthylamine  by  means  of  the  diaaxlerivative. 

ac  Tetrahydro  ^naphthol,  C^Il^ :  (C/HtOH),  is  an  oil,  boiling  at  264°.  ItcxhiSts 
(lie  cliarai  tcr  of  a  fatty  alcohol  and  resembles  similarly  constituted  camphor  alcohols, 
\\Vv.  inciithol  and  borneol  (pp.  313,  324). 

A  series  of  tetrahydronaphthalcne  derivatives  has  been  obtained,  starting  with  dihv- 
dronaphthalcne :  Tlius,  phenol  and  the  latter  form  Tetrahydronaphthylpbenoli 
« VI,:  (C\H,.  (  ,,n/)II)  boiling  at  130°  (B.  24,  179),  while  bromine  changes  it  (0 
dihy dronaphthalcne  dibromide,  ^^\^ :  (C^H^Br,).     Boiling  |)otassium  carbonate  con 

verts  the  latter  into  Tetrahydronaphthylenc  Glycol,  C^^^<  rrj  IlriiOH'  ™*^'""" 
^*  '35°»  which  !»y  oxidation  is  broken  down  into  o-phenylene  diacetic  acid.  Iti>an 
analogue  of  ethylene  glycol.  '\\\^ihlorhydnn  (above),  (^'io*^io^'U^'^)»  melting  at  II/"- 
with  caustic  potash  yields  Tetrahydronaphthylenc  Oxide,  Q^x^lyp,  melting  at  ^f 
and  boiling  al  258'=',  which  manifests  all  the  chemical  properties  of  ethylene  oxide  (i. 
29^).  Bases  have  converted  the  chlorhydrin  into  a  series  of  "tf/*i««,'*  of  which 
mention  may  be  made  of — 

TrimethyUoxytetrahydronaphthylene  Ammonium  Hydroxide, 
rii  /<^H,.CIl()H 
^6*»4\  /'mim  f'Ti     /-m'  ^><^cause  of  its  intimate  connection  with  choline  (1,  309)- 

Hie  feebler  alkalies  convert  this  oxide  into  the  isomeric  ^-ketotetrahydronapbthalene, 
*      \CH  —  ro  '  '"«"»"C  at  »8°  and  boiling  at  138®  (16  mm.),  which  can  also  be 
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'  pumed  by  the  distillatioii  of  o-phenylene  propiooacetic  acid  (p.  394)  (B.  28,  745).  It 
I  fahaTei  like  a  fatty  ketone  (B.  27,  1547)  with  sodium  bisulphite,  phenylhydrazine,  and 
>  kfdliMjkuBine.  The  chlorine  addition  products  of  the  naphthoquinones  are  diketotetra- 
kg^irwmaphthaUfu  derivatives.  They  reaidily  part  with  hydrogen  chloride  and  thus  yield 
■iliHitiiti  y\  naphtboquinoaes  (pp.  404,405}.     Diketotetrahydronaphthylene  Oxide, 

QH;4<^q CH-^^'  melting  at  iz&*t  is  produced  by  the  action  of  bleaching  lime  upon 

•-naphthoquinone  (p.  404  and  A.  286,  71V 

■c-  THrahydronapktkoic  Acids  are  also  classified  into  aromatic  and  alicyclic.  ar-Tetra- 
IgrdfO-a-naphthoic  Acid,  COOH  .C,H,:  (C^H,),  with  an  amide  melting  at  iSa^*,  is 
derived  from  its  nitrile,  a  rearrangement  product  from  ar-tetrahydro-a- naphthalene  diazo- 
chloride  and  potassio-copper  cyanide. 

■c-Tetrahydronaphthoic  Acids,  the  a-  melting  at  85°  and  the  ^-  at  96^,  are  formed 
when  naphthoic  and  dihydronaphthoic  acids  are  reduced  with  sodium  amalgam.  They  re- 
iiM  tlie  action  of  potassium  permanganate  more  strongly  than  the  dihydro-acids.  In 
eOBsariioo  with  the  latter  they  thus  proye  themselves  to  be  saturated  acids.  The  long- 
ccwnnnfd  action  of  the  oxidant  finally  change^  them  to  phthalic  and  oxalic  acids  (A. 
flSe,  202). 

nc-Tetrahjrdronaphthalene  Dicarboxylic  Acid,  CJtl^^Qfi.JXiO^)^,  melts  at 
199^9  with  the  production  of  its  anhydride,  melting  at  184®.  The  latter  is  also  formed 
on  heating  potassium  tetrahydronaphthalene  tetracarboxylate,  the  ester  of  which  has  been 
lynthetized  from  o-xylylene  bromide  and  the  sodium  derivative  of  the  dimalonic  acid 
,  448).     Tetrahydro-i,5-naphthalene  Dicarboxylic  Acid  melts 


«(P-  391)  (B  17.44J 

at  aiS*  (B.  29,  R.  517). 

C.  Heza-,  Octo-,  I 


Deca-,  and  Dodeca-hydronaphthalenes,  C,oH^^,  ^ip^is* 
C^H^  MMi  ^fH^.  boil  at  20O*»,  185-190®,  173-180®,  and  153-158°  respectively.  They 
hnve  been  obtained  by  the  action  of  hydriodic  acid  and  phosphorus  upon  naphthalene 
(B.  i5,  796,  3032  ;  A.  187,  164). 

3.  PHBNANTHRBNE  GROUP. 

Phenanthrene  occurs,  together  with  anthracene,  in  coal -tar  and  in  the 
so-called  ''stubb,"  a  mass  of  substance  obtained  (together  with  fluor- 
anthene  and  pyrene)  in  the  distillation  of  mercury  ores  in  Idria.  It  is 
prepared  synthetically  (i)  (with  diphenyl,  anthracene,  and  other  hydro- 
carbons) from  various  benzene  compounds,  by  conducting  their  vapors 
through  a  red-hot  tube — e.  g,^  from  toluene,  stilbene,  diphenyl,  and 
ethylene,  and  particularly  from  dibenzyl  and  o-ditolyl : 

CH..CH,  CH^.CH  CJL.CII, 

I    >-:'i       II   -«- — 1 

C^ri|^ .  Cri|  Cf ri^ .  CH  C^ H^ .  Cri| 

Dibenxyl  .Phenanthrene  o-Ditolyl. 

(2)  Sodium  acting  on  o-brombenzylbromide  also  produces  it  (together 
with  anthracene,  p.  421) : 


C;H,-CH^^ Br[i]q,H,[2]CH,Br         Br[i]C,H,[2]CH,Br       ^  ciI^tH--  CII 

CLH^— CH  Br[i]C,H4[2]CH,Br         BrCH,[2]C,n,[i]Br  ""^V^"-^ 

riMMaiiihranfi  Anthracene. 


(3)  It  also  appears  in  the  condensation  of  coumarone  with  benzene 

(B.  as.  %l)  : 

CH,-CH  .  Q"4-CH 

o CH  cvi,-cn 

Coumaruue  Phenanthrene. 
Cbrjieoe  is  similarly  formed  from  coomarone  and  naphthalene,  and  amidonaphthalene 
(P*  191)  from  fnrfurane  and  aniline. 
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4.  When  the  diazo-derivative  of  o-amido-a-phcnylacetic  acid  is  acted 
u|>on  with  copper  powder  phenanthrene  carboxylic  acids  (B.  ag,  49^) 
result : 

CH— C^H^ .  N.OH CH— C;H4 

coon .  c— c;h^  coohc — cja^ 

This  reaction  recalls  the  formation  of  diphenyl  from  berzcnc  ud 
diazobenzene,  as  well  as  that  of  diphenyiketone  from  the  diazo-derinliw 
of  o-amidol>enzophenone  (p.  347). 

Phenanthrene  in  accordance  with  these  methods  of  production  must  be 
viewed  as  a  derivative  of  diphenyl,  in  which  two  ortho-positions  of  the 
two  benzene  rings  are  joined  by  the  group  CH  =  CH,  which  therefore 
constitutes,  with  the  four  carbon  atoms  of  the  two  benzene  rings,  a  third 
normal  benzene  ring : 

CH  =  CH. 


The  oxidation  of  phenanthrene  leads  to  a  similar  conclusion.  Phenan- 
thra(}uinone  is  the  first  product,  and  by  continued  oxidation  it  yields 
diphenic  acid  or  diphenyl-Oj-dicarboxylic  acid  (p.  340): 

C.I  I, .  CH  CJL .  CO  an. .  co.n 

I        "   ^    L        I    ^    ^ 

(  .H4    CH  CjH^.CO  C.H^.COjH 

Phenanthrene  Phenanthraquinone  Diphenic  Acid. 

Phenanthrene,  C,4H,i,  crystallizes  in  colorless  plates,  melting  at  99^ 
aiul  boiling  at  340°.  It  dissolves  readily  in  ether  and  benzene;  but  with 
"lore  difficulty  in  alcohol  and  water.  The  solutions  exhibit  a  blue  fluo- 
resc:cnce. 

The  //Vr/V  an\/  compound,  C,JI,o.  C,H,(NO,), .  OH,  separates  in  yellow  needles, 
!».!!"*>  ""^  ''^•*°-     ^-^"sult  A.  196,  34;  B.  19,  761,  for  a  method  of  isolating  phcoan- 

^^d     "'  "'''^*^  antliracene. 
PhdsM  ^^^^*^^  addition  pro<iucts  result  uix)n  heating  phenanthrene  with  hydriodic  add  and 
^^'^haiVy'c>^JX^/^^^^^^  W^\^^  ^"*  ^'   314°.       The    Per-hydHde.  C,,H«. 

o^to-chiorui     r  '  ^^'  779).     Chlorine  produces  substitution  products,  of  which  ibe 

*>f-xachlorb^n^  '*  *9'«'  ""^^^^  ?'  270-280®,  and  by  further  chlorination  is  split  into 
lion,  yieldinir'tr^' y*^ '<^*  *^"^  ^-^l4-  Bromine  combines  with  phenanthrene  in  CS,  sola- 
^'^'"phenatu/irl^  '^'{''"w/^/^  C,^!!,^.  Br,,  which  breaks  up  into  hydrogen  bromide  and 
I'y  chromic  acid  '^'     >*^'»'^'"-     This  melts  at  63®,  and  is  oxidixed  to  phenanthraquinone 

amido-phenam'hJl'^'*^  phenanthrene  into  three  nitrophenanthrenes,  which  yield  three 
iwo/^,,,,J^^renc8   r^H^^ 

yieldi^ '''"**•    'ftbesel'i  V  '!''''  ^""^^  are  produced  on  digesting  phenanthrene  with  sul 
^ .  *!'?_   corres.J^,!,:'!:^'"^**  r**^  ye"ow  prussiate  of  potash  we  obtain  two  cyanidt^y 
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Phenanthraquinone,  (QHJ,(C0).2,  is  formed  in  the  action  of 
chromic  acid  upon  phenanthrene  in  glacial  acetic  acid  solution ;  most 
readily  by  heating  it  with  a  chromic  acid  mixture  (A.  196,  38).  It 
crystallizes  in  long,  orange-yellow  needles,  melts  at  198°,  and  distils 
without  decomposition.  It  dissolves  readily  in  hot  alcohol,  ether,  and 
benzene,  but  sparingly  in  water.  It  dissolves  in  concentrated  sulphuric 
acid  with  a  dark  green  color,  and  is  re  precipitated  by  water.  By  adding 
toluene  containing  thiotolene  and  sulphuric  acid  to  the  acetic  acid  solu- 
tion of  phenanthraquinone  a  bluish-green  coloration  is  produced  (see 
thiophene). 

In  deportment  it  recalls  /9-naphthoquinone.  It  is  odorless,  not  vola- 
tile in  steam,  unites  with  one  and  two  molecules  of  hydroxylamine,  and 
is  not  reduced  by  sulphurous  acid. 

PhenAnthraquinone-monoxime,  C^HgO^N.OH),  consists  of  golden  yellow 
needles,  melting  at  158®.  If  it  is  heated  tc^etner  with  glacial  acetic  acid  and  hydro- 
chloric acid  to  130**  it  sustains  the  transposition  of  ketoximes  (p.  341),  and  forms 
diphenimide  (B.  ax,  2356) : 

CeH^— C  !  NOH ^^*"~^^NH 

The  diozime  forms  an  anhydride,  Ci^H^     ^O,  melting  at  181°.  This  is  a  furazane 


.C..H<^>0 


derivmtiTe. 

Fbenanthimqninone,  being  an  o-diketone,  forms  phenazine  derivatives  with  o-diamines. 
See  B.  34,  R.  630,  631,  for  the  condensations  of  acetoacetic  ester  and  acetone.  By 
oxidatioQ  with  chromic  acid,  or  by  boiling  with  alcoholic  potash,  phenanthraquinone  is 
oxidized  to  diphenic  acid  ;  ignition  with  soda-lime  produces  diphenylene  ketone  (p.  419), 
Jiuerene  (p.  417),  and  diphenyl.  Diphenylene  gly collie  acid  (p.  419),  fluorene  alcohol^ 
And  diphtnyUfu  ketone  are  obtained  on  boiling  witli  aqueous  soda-lye.  Ignited  with  zinc- 
dust  we  obtain  phenanthrene. 

When  phenanthraquinone  is  digested  with  concentrated  sulphurous  acid  it  is  reduced 

QIL  — C(OH)       ^. 
to   Phenanthrene-hydroquinone,  Dioxyphenanthrenej    1  n  This  can 

CeH,  — C(OH) 
also  be  obtained  by  the  redaction  of  the  chloride  of  diphenic  acid  (p.  341).    With 

hydriodic  acid  i^enanthraquinone  forms  Phenanthrene,   1  1      ,  and  with  hy- 

driodic  acid  and  phosphorus  in  glacial  acetic  acid  solution  it  yields — 

/COOC,H, 
if  onacetjl-diozjrpbenanthrene,  (C^H^),^  n  ,  which  on  heating  condenses 

to  Tctraphenylene  Purfurane,   i*    *     u  n         1*    *  (B.  26,  R.  585).  When 

C,H,— CH— O— CH— (i^H^ 
a  miztme  of  phenanthraquinone  and  aldehydes  is  exposed  to  sunlight  a  anion  follows 
with  the  production  of  monacidylphenanthrene  hydroquinones  (A.  249,  137)  (compare 

If  75)- 

Retene  or  Methyl  Iflopropylpbenanthrene,  (CH,)(C,H^)CeH,;- y^H^, 

^CH  :  CH 
melting  at  98^  and  boiling  at  394^,  is  a  homologue  of  phenanthrene. 

Retene  occnrs  in  the  tar  of  highly  resinous  pines,  and  in  some  mineral  resins.  It  is 
isolated  from  those  portions  that  boil  at  elevated  temperatures.  Its  picric  acid  compound 
fbnns  orange-yellow  needles,  melting  at  123^.    Chromic  acid  in  glacial  aceUc  acid  soVi&r 
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tion  oxidizes  reteoe  to  retenc  quinone,  C|gH,^0,  {meikyl  is^^ropyi pkimmUkffmmi^ 
meltiiiK  at  197^.  It  res«mbles  phenanthraquinoDe  in  its  entire  deportmenL  Soda 
hydnte  coDverts  retene  quinone  into— 

Retenc  Dipbenic  Acid,  ^isHi«<co'p{t  and  Retene  QlycoUic  Add^CyH^.C- 

(OH) .  CX>,H.  Potmssiuni  (lennanganate  oxidizes  retene  quinone  to  diphenylem  Jam 
duarbaxylU  acid  (p.  419)  '^d  retene  ketone,  CH,.  (C,H,) .  C,H,v  ^^  ^^    ^  ^^ 

1754.  R-  558). 

Retene  Dodecahydride,  dekvdrtfickteliie^  ^isH^*  u  an  oil,  boiling  «  336^  It  ii 
formed  when  retene  is  heated  with  hydriodic  acid  and  phosphorus  to  250<*,aDd  aboiitke 
action  of  iodine  ui)on  fichtelite,  C„H„,  melting  at  46°,  which  occujs,  together  vith 
retene,  in  the  peat  of  fossil  plants  (B.  aa,  498,  635,  780,  3369). 

Chrysene  and  picene  possess  a  structure  similar  to  tl^at  of  phenan- 
ihrcne.  They  can  be  derived  from  phenylnaphthalene  and  dinaphthyl 
the  same  as  phenanthrene  from  diphenyl : 


CeH^— CH 


h^r 


Phenanthrene 


QH^  — CH 

Lh,-ch 

Chrj'sene 


C„H,— CH 
n 
,«H.— CH 
Picene. 


i. 


The  constitution  of  these  bodies  is  deduced  mainly  from  the  producs  of  their  oxidatML 
('hnmiic  acid  first  changes  them  to  chrysoquinone  and  picenoquirone,  which  caa  be 
further  transposed  into  chrysene  and  picene  ketones,  chrysenic  acid  axid  picenic  ackL 
.^phenylnaphthalcne  and  /i-dmaphthyl : 


C,H.  .  CO 

Chrysoquinone 
riccnoguiiione 


Chrysene  Ketone 
Q„H-\ 

1'"  •)co 

Picene  Ketone 


CHj  C,H, 

C,oH«.COOH  (f^^H, 

Chrysenic  Acid    ^-Pheaylnaphthalrae 

C„H,  C„H, 

^-Dinaphthyl. 


C,oH..  COOII 
Picenic  Acid 


Chrysene,  Tj^IIj,,  m.  p.  250°  and  b.  p.  448®,  consists,  in  a  pure  condition,  of  siiTcr 
white  leaflets  Avith  .1  violet  fluorescence.  When  impure  it  has  a  yellow  color  (hence  tbe 
name  from  \\ncnut;^  goKl-yellow).  It  occurs  in  those  portions  of  coal-tar  which  have  high 
boiling  points.  It  can  be  synthesized  from  phenyl-naphthyl -ethane,  C^Hj .  CH* .  CH,-  • 
(.'i„lL,  just  as  phenanthrene  is  produced  from  dibenzyl  (p.  413);  also  by  healing 
naphthalene  with  coumarone.  It  is  formed  in  large  quantities  by  heating  indene  (p> 
384)  ;  2C^Il8  --  C\yHi,  -\-  411  (H.  26,  1544).  See  B.  24,  949,  for  substituted  chrvsencs. 
The  hydridt's,  ^\^^t>f^  b.  p.  360^*,  and  C^^Hgo,  m.  p.  II5**  and  b.  p.  353°  (13.  22.  I.;5). 
result  upon  heating  chry.sene  with  hydrioiiic  acid  and  pliosphorus. 

When  digested  with  chromic  acid  and  glacial  acetic  acid  chrysene  oxidizes  to  so  called 
Chrysoquinone,  CjylliyO,  (a  dikctone),  which  crystallizes  in  red  needles,  mtltJDg  •» 
235°. 

Chrysoketone,  CpH,QO.  results  when  chrysoquinone  is  distilled  with  lead  oxide. 
Hydriodic  acid  and  phosphorus  reduce  it  to  chrysofluorene,  C^H,,. 

Chrysenic  Acid,  C„H„(),  (/?-phenylnaplithyl  carboxylic  acid),  is  produced  when 
chrysene  is  fused  with  caustic  alkali.  When  this  acid  loses  CO,  it  l)ecomes  J  phenyl- 
naphthalene (H.  26,  1745). 

Picene,  C',,!!,^,  is  the  hydrocarlwn  with  the  highest  melting  point  (364®).  It  is 
formed  by  the  distillation  of  lignite,  coal-tar,  and  petroleum  residues.  It  can  be  s)nibe- 
*iized  from  naphthalene  and  ethylene  bromide  by  means  of  Al,a,  (B.  24,  R.  963).  It 
^xKiV^  ^'Paringly  soluble  in  most  of  the  solvents,  but  most  readily  in  crude  cynient. 
When  heated  to  250°  with  hydriodic  acid  and  phosphorus,  Picene  Perhydride,  CgH|p 
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h  fModiioed.  It  melts  at  175^.  Picene  is  oxidized  by  chromic  acid  to  an  orange-red 
ptmMU,  C,|H|,0„  which,  like  chrysene,  is  changed  on  the  one  hand  to  picene  ketone^ 
picene  fiuorene  alcohol^  and  picene  fluorene,  rCioHg),CH,,  and  on  the  other  io  pUmic 
mad  Qg  dinapMyi-^ardQxyiic  acid  tjid  P'dintipmiiyl  (h,  26,  175 1). 


4.  PLUORBNB  GROUP. 

Just  as  phenanthrene,  chrysene,  and  picene  were  regarded  as  symmetri- 
cal o,-ethylene  derivatives  of  diphenyl,  phenylnaphthyl,  and  dinaph- 
thyl,  so  fluorene^  chrysene-fluorene,  and  picene-Jluorene  may  be  viewed  as 
Os-methylene  derivatives  of  the  last-mentioned  hydrocarbons,  and  accord- 
ingly may  be  designated  diphenylene  methane^  phenylene  naphtkyiene,  and 
dinaphthylene-methanes,  Fluorene  is  also  closely  allied  to  diphenylene 
oxide,  diphenylene  sulphide,  and  diphenylene-imide  or  carbazole  (see 
this),  dibenzo-derivatives  of  furfurane,  thiophene,  and  pyrrol : 

5-"->H.    ?!!.>    5-"'>    !•::•>« 


■^'^    "      i'?''!        A"''!         i'.'-^ 

Fluorene  Diphenylene  Diphenylet 

Oxide  Sulphide 


Diphenylene  Diphenylene  Diphenylene- 

'"-idc  Sulphide  imidc. 


General  Methods  of  Formation  : 

1.  Fluorene  b  formed  by  conducting  vapors  of  diphenylmethane  through  tubes  heated 
to  redness;  chrysofluorene  is  similarly  obtained  from  /?-naphthyl  phenylmethaoe : 

(c,H,),cii, ^  (c;n«).cH,. 

2.  o-Diphenyl  carboxylic  acid,  phenylnaphthyl  corboxylic  acid  or  chrysenic  acid,  and 
dinaphthyl  carboxylic  or  picenic  acid,  when  heated  alone  or  in  the  form  of  salts,  yield  fluo- 
rene, chrysene,  and  picene  ketones,  which  can  be  readily  reduced  to  fluorene,  chrysofluo- 
rene, and  picene- fluorene ;  conversely,  the  acids  are  reformed  when  the  ketones  are  fused 
with  caustic  potash : 

C;H^  .  COOH >  C,H,\ 


K^f. 


Cell/ 


3.  Flaorene  ketone  is  also  obtained  from  the  diazo-derivative  of  o-amidobenzophenone 
by  the  elimination  of  nitrogen;  similarly,  chrysene  ketone  is  formed  from  o-amido- 
phenyl-a-naphthyl-ketone  (B.  ag,  826) : 

q,H^N,OH  C,H5 -^^t^^- ^Cell,. 

4.  Fhenanthraqainone,  chrysoquinone,  and  picenoquinone,  when  oxidized,  also  yield 
the  ketones  of  the  corresponding  nuorenes : 

Pluorrae,  DipkenyUne  Methane,  CjjH,.,  m.  p.  113®  and  b.  p.  2950,  crystallizes  in 
colorless  leaflets  with  a  violet  fluorescence.     It  forms  a  compound  with  picric  acid ,  melting 
at  81**.     It  results  upon  exposing  diphenyl  methane  to  a  high  heat  (above),  and  in  the 
reduction  of  diphenyteiie  ketone  with  zinc  dust  or  upon  heating  il  lo  \^^  HivCii  \\\  wcA 
phosphorus.    The  dirooiic  add  mixture  oxidizes  it  to  div>beQ^\tue  Vt\»Qft. 
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Methylbezahydrofluorene,  boiling  at  128^  (14  Tnin.)i  results  from  the  idioicf 
r  ( ).  uiKin  i»ethyU)enzylc)'cloht:xauol,   the   reduction   product  of  benzylidene-neikyt- 

cvclohcxanon.  (CII,)(01I)C.n,:  C  11,  .  QII^ >-  (Cn,)C,H,  .  CII,.  (t.H,  (h.  n. 

2962),  produced  in  the  condensation  of  bcnzaldehyde  and  methyl-cyclo-hcxanoo. 

iQg  at  92°,  is  derived  from  its  ketone  upon  distillation  with  zinc-dust    Chzysofluaccsi^ 

naphthxUnepheHyUnt'methanf^  ^'10* U — ^^*« — ^i^i*  melting  at  I So^,  is  derived 6i« 
.Mitiizxluaphtliarcnc  or  from  chry so- ketone.  An  isomeric  isochryso-fiuorene, mekiBi 
at  7(1°,  is  oUained  from  u  t>en/ylnaphtha1ene  (H.  27,  953).  Picene-fiuorene, /h7/» 
meth*nie^  (^'lo^U's^^^*  ™(^l(i"6  ^^  S^^^*  is  produced  on  heating  its  ketone  to  160-17S' 
with  hvdriodic  acid  (A.  2S4,  70). 

Dip'henylene-phenylmethane,  va%,'Phenyl-ftMorcn€^  (C«H^)iCHCgn|.  melting  « 
I4<i®,  ri'sulis  on  heating  triphcnylniethane  chloride,  (C,H5),CCI,  or  potassium  mpbojyl- 
nKiliiinr  i]).  351);  from  Huorene  alcohol,  benzene,  and  sulphuric  acid  (B.  aa,  R.  660), 
am!  l«v  disiilfing  hvdn>tluoranic  acid  {p.  362)  over  soda-lime. 

Diphenylene-diphenyl-ethane,  (C,HJ,CH .  CH(C,H5),,  melting  at  iVf.vA 
Diphenylene-diphenyl-ethylene,  (C,H^>,C :  C(CjH5),,  melting  at  229^  arise  in  the 

brt-akiiig-down  of  diphenylinediphenyl-SHCcinic  anhydride^  /^*i,\'    J-     -^t  ^^»    '"** 

(CgHj) J ,  C .  L  O 
inj:  at  256°,  one  of.  the  reaction -products  of  cold  concentrated  sulphuric  tnoA  apoa 
Ih  n.  ilir  acid  ^p.  369).  Diphenylene-diphenyl-ethylene  is  produced  on  heating  bnuop■^ 
none  chjiiriile  with  tluorene.  It  consists  of  colorless  crystals,  the  solutions  of  which  ai« 
.  i\".»'f ./  inttusfh yelLne.  The  moderated  oxidation  of  this  body  with  chromic  arid  gites 
li^e  to  diphcnylcnc-diphenyl-pinacoline,  melting  at  172°.  Its  structure  is  uciFTTn- 
nietiiral :  (<  V.*^  V  l^ V.^^a^^-^^  •  ^s^'s^  l^ecause  it  is  decomposed  by  alcoholic  caii<:c 
potu'^h  into  (liphenylene  phenylmethanc  and  benzoic  acid.  It  also  results  from  j:<:ia«icBi 
tiiphcDylinethnne  aiui  l>eM/oyIchloride  (B.  29,  2152). 

Bidiphenylene  Ethane,  ((^.If.^^CH  .  CI^CjH^),,  colorless  needles,  meliing  *» 
24('»°,  is  pnuluced,  lojicthtr  with  bi-diphenylenc  Ethylene,  lifluotene^'X^X^^f'^ 
((',.1 1  jV^,  iiielling  at  IS^'^,  on  heating  fluorenc  with  lead  oxide.  The  sec«.ind  h\dn<:iH'on 
i.■^  ;iK()  loimtd  KM\  heating  thioiene  with  bromine,  chlorine,  or  sulphur.  It  con.Mst*  d 
U'.uitifiil  ;vi/ i<»](»r«d  lu-uUes.  Its  bromine  addition  pnxluct  is  colorless,  and  w^^3 
hratid  witli  sodium  in  xylene  solution  it  reverts  to  the  red  hyilrocaiU-n  (B.  25,  ,;I4'-; 
A.  290,  2,?S;  291,  I ).  rije  fiillowing  diagram  is  interesting  from  the  point  of  view  of 
thr  color  of  highly  condensed  hydrocarlxms : 

ret  Kii 'hen  vKthy  lone  Diphenylciie-dinhenylclhylene.  Bidip}ienylene-elh)lene. 

(P- .^7><).    Coloilcss  Colorless;  yellow  in  solution  Kvd  needles. 

Conjpare  the  yellow  color  of  acenaphthylene  (p.  410).  Chromic  acid  oxidi/es  bi- 
diphenylenc  ethylene  into  a  pinacoline,  melting  at  258°  (together  with  fluorenone").  which 
probably,  like  diphenylene-diphenyl  pinacoline,  possesses  an  unsymmetrical  structure 

eorreM)onding  to  the  formula      «*•**,        ,•    ^  because,  like  the  diphenylene-diphenyl 

pinacoline,  it  is  resolved  by  alcoholic  potash  nito  the  acid  (C^II.) :  CH  —  C^H^ .  C,!!}.- 
roon.  The  pinacoline  is  also  protluced  in  the  reduction  of  tluorenone  with  zinc-dust 
and  acetyl  chloride.  It  is  further  identical  with  the  bidiphenylene-ethine  oxi<le  (B.  29. 
2152  ;  A.  291,  I),  produced  on  heating  bidiphenylene-ethine  dibromide  with  water. 

Fluorene  Alcohol,    1*    V>C1I .  OH,  melting  at  153®,  results  in  the  action  of  sodium 

0      4 

amal^jam  upon  diphenylene  ketone  and  by  heating  sodium  diphenylene  glycollic  acid  to 
120®.  Concentrated  sulphuric  acid  or  P^Oj  colors  it  an  intense  blue,  and  produces 
ftuornte  ether,  (C„n,)..0,  melting  at  290°. 
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tttlcne-,  cluysene-r,  and  picene-fluorene  alcohols,  melting  at  134*^,  167^,  and 
*  respectively,  are  obtained  by  methods  similar  to  those  pursued  in  the  preparation 
laoff«ie  alcohol. 

C  H 
M^ienylene  Ketone,  Fluorenone,  J*„^>CO,  melting  at  84®  and  boiling  at  341^' 

•7,  R.  641),  b  obtained  from  diphenic  acid,  isodiphenic  acid,  and  o-diphenyl  car- 
fic  acid  when  heated  with  lime ;  by  oxidizing  fluorene  with  a  chromic  acid  mixture, 
bf  heating  phenanthraquinone  with  caustic  lime  (A.  196,  45 ;  279,  257),  and  when 
dfaio-eompound  of  o-amido-benzophenone  (p.  347)  is  heated  with  water  (B.  28,  ill). 
MMinm  permanganate  oxidizes  it  to  phthalic  acid.  It  is  converted  into  o-phenyl  ben- 
:  add  on  fusion  with  potassium  hydroxide.  Its  oxime^  (C^H4),C :  NOH,  melts  at  193*^ 
I  p.  4ao) ;  the  phenylhydrazme  melts  at  151°  (6.  29,  230,  R.  26). 

ttene  Ketone,  (C,H^)(CH5)C,H,  .  CO.  i^H^,  melts  at  90®.      Chrsrsoketone, 

(4.  CX) .  C,»H^»  melts  at  130®.  See  p.  418  for  the  production  from  o-amidophenyl-a- 
lilhyl  ketone.     Picene  Ketone,  (CioH^),CX),  melts  at  185**. 

-Ozydiphenylene  Ketone,  Oxyfluormone,  CfiJipU) .  CO  .  CgH^,  melting  at  II5*>, 
blained  from  sym.  o-diamidobenzophenone  (p.  347)  on  boiling  its  diazo-salts  with 
ar.  It  forms  yellow-red  or  dark-red  alkali  salts,  which  manifest  a  feeble  dye  nature. 
91  fused  with  caustic  potash  it  decomposes  into  o-phenylsalicylic  acid,  C^H^.  C.!!,- 
[)<XX)H,  which  is  recondensed  by  concentrated  sulphuric  acid  to  oxydiphenylene 
DC  (B.  23,  112).  o-Oxydiphenylene  ketone  is  also  prepared  from  o-amido- 
lenylene  ketone,  melting  at  138^,  which  is  obtained  from  dipbenylene  ketone  car- 
'lamide  (p.  420)  with  bromine  and  caustic  potash  (Hofmann's  amine  reaction). 
n  o-mmido-diphenylene  ketone  is  fused  with  caustic  potash  it  is  rearranged  into 
juthridone  (B.  28,  R.  455) : 


teH,(NH,)— CO-(i,H^ >  ieH,— NH— CO— cijH^, 

h  aIso  results  by  Beckmann's  transposition  on  heating  the  oxime  of  fluorenone  with 
cliloride  (B.  29,  230) : 


i^H^-C:  (N0H)-(!;H4 ■¥-  t.H^— NH  .  CO— c!:,!!^. 

arboxylU  Acids  :  Diphenylene  Acetic  Acid,  Fluorene  Carboxylic  Acid,  (C^H^),- 
.  CO,H,  melting  at  221**,  results  on  reducing  diphenylene  glycollic  acid  with  hydriodic 
mod  phosphorus. 

iphenylene  Glycollic  Acid,  ms-Oxyfluorcne  Carboxylic  Acid,  (CeHJjC(OH)  .CO,- 
oaelting  at  162°,  is  produced  when  phenanthraquinone  is  boiled  with  sodium 
oxide.  In  this  instance  an  atomic  rearrangement  occurs,  similar  to  that  observed 
le  trmositioD  of  benzil  to  benzilic  acid,  or  of  ^-naphthoquinone  to  oxyindene  car- 
lie  acids  (p.  386)  : 

»"»^_Hs05^^"*\C(0H).  COOH      ^•"*~^^-"*0^«H,v     (On)COOH. 
^H^CO  CJil/  Cell^-CO  CjH/ 

t  is  decomposed  by  concentrated  sulphuric  acid  or  upon  heating,  when  carbon  dioxide 
water  split  oflf  and  fluorene  ether  results.  Chromic  acid  oxidizes  it  to  diphenylene 
He.  Analogues  of  diphenylene  glycollic  acid  have  been  obtained  from  retene-  and 
(-quinone  (above). 


Hpbenylene-ketone  Carboxylic  Acids,  c!:,!!^ .  CO .  ^Jl\^  .  CO,H.    The  aadd^ 
Jog  at  191^9  is  produced  by  the  oxidation  of  fluoranthene  with  a  chromic  acid  mix- 

Sodimn  amalgam  converts  it  \tAo  afluorenic  acid^  CJI^ .  CH^  .C^U^.CO^^ 
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melting  at  245^,  which  yields  fltiorene  if  it  be  distilled  with  linc-dost.  Isodipbc 
results  when  it  is  fused  with  potassiom  hydroxide  (p.  341 }»  while  heating  wj 
breaks  it  down  into  carbon  dioxide  and  dipbenylene  ketone. 

The  ;9acid  b  formed  apon  heating  diphenylene-ketone  dicarbozylic  acid ;  it  coi 
yellow  needles  that  sublime  without  melting.  The  y-  or  ortki-^M  is  fonnec 
diphenic  acid  is  heated.  It  melts  at  223^.  Fusioo  with  caustic  potash  dumg 
diphenic  acid  (B.  ao,  846 ;  aa,  R.  727). 

Diphenylene-ketone  Dicarbozylic  Add,  I       /CO,  resolti  when  retene-c 

^"4i(CO,H), 
is  oxidized  with  potassium  permanganate.     A  sulphnr-jrellow,  oystalline  powder, 
above  270^  breaks  down  into  carbon  dioxide  and  ^-diphenylene-ketone  carfooxyli 
It  yields  diphcnyl  when  distilled  with  lime.    Diphenylene-ketone  is  produced  fr 
silver  salt. 

Fluoranthene  and  pyrene^  occurring  in  the  "  stubb  fat  "  of  Idri; 
also  found  with  the  condensed  hydrocarbons  just  mentioned  in  the 
boiling  fractions  of  coal-tar. 

Fluoranthene,  Ci^IIiq,  Idryl,  melts  at  lio^.    \\&  picric  add  compound  melts  at 
Fluoranthraquinone,  Ci^H^O,,  is  obtained  by  oxidizing  idryl  with  chromic  ad 
melts  at  188°,  and  may  be  further  oxidized  (with  the  elimination  of  CO,)  to 
a-dipbenylene  ketone  carbuxylic  acid. 

The  constitution  of  tluornnthene  and  of  fluoranthoquinone  probably  corresponds 
formulas  (A.  200,  i)  : 

^•"^\cn  i*"*>CH^  5'"'\co 

•  'N:h=ch  •  '\co/  \co,H 

Fluoranthene  Fluoranthoquinone        a-Diphenylene-ketone 

Carboxylic  Acid. 

Pyrene,  CjgH,,,,  melts  at  148°  and  boils  at  260**  (60  mm.).  The  picric  acid 
pcrnnJ  v\^\\s  at  222°.     Chromic  acid  oxidizes  it  to  Pyrenquinone,  C,jMyO,. 

Pyrenic  Acid,  Cj^Ilj^O^,  results  upon  further  oxidation  of  pyrenquinone.  It 
ketone-(licarlH)xylic  acid.  It  forms  an  anhydride  or  imide  compound  quite  re 
(11.  19,  1997).  When  pyrenic  acid  is  distilled  with  lime,  it  forms  Pyrene  Ket 
C,ally(C<>),  melting  at  141°.  Potassium  permanganate  oxidizes  pyrenic  aci 
i,4.5,8-nai)h(halene  tetracarboxylic  acid  (p.  409), and  pyrene  ketone  to  naphthalic 

For  the  constitution  of  pyrene  consult  II  20,  365  ;  A.  240,  147. 


5.  ANTHRACENE  GROUP. 

Anthracene  (from  avOpa^,  carbon),  occurring  together  with  the 
mcric  phenanthrene  in  the  high-boiling  portions  of  coal-tar,  is  the  pai 
substance  of  a  large  group  of  bodies  to  which  a  series  of  vegetable  c< 
pounds,  and  in  particular  the  very  important  dye  {alizarine^  purpun 
etc.)  of  madder- root  belong.  The  anthracene  derivatives  can  be  vie\ 
as  dipbenylene  compounds,  in  which  two  phenyl  groups  are  linked 
gether  by  two  C-atoms  occupying  the  ortho-positions  with  reference 
one  another : 

Dihydrnanthracenc  Anthracene  Anthraquinone 

Dlphenylcue-o.o-di  methylene  Diphenylene-o,o-diketonc 
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Dihydroanthracene,  when  heated  or  when  oxidized,  loses  two  atoms  of 
hydrogen,  and  becomes  anthracene.  When  this  occurs  it  may  be  sup- 
posed that  a  mutual  union  of  the  two  methylene  carbon  atoms  takes  place 
(see,  however,  B.  24,  R.  728). 

Synthetic  Methods  for  the  Production  of  Anthracene  Derivatives : 

1.  Anthracene  may  be  formed  from  benzene,  acetylene  tetrabromide, 
and  A1,CU  (B.  16,  623). 

2.  It  is  also  produced  from  methylene  bromide,  benzene,  and  Al^CU. 
Dihydroanthracene  is  the  primary  product,  but  it  loses  two  atoms  of 
hydrogen,  and  anthracene  results. 

3.  Further,  dihydroanthracene,  and  subsequently  anthracene,  is  ob- 
tained (together  with  toluene)  from  two  molecules  of  benzyl  chloride  on 
heating  it  with  aluminium  chloride  or  with  water  to  200®  (Limpricht, 
1866),  when  dibenzyl  will  also  be  produced. 

AiiQuacene  may  also  be  derived  from  diphenylmethane  with  Al^Clg.  It  is  very 
ptobmble  that  the  diphenylmethane  is  first  resolved  into  l)enzyl  chloride  and  benzene. 
Unsym.  diphenylethane  in  an  analogous  manner  yields  ms-dimethylantbracene  (B.  27, 
3a3«)- 

4.  Finally,  dihydroanthracene  is  obtained  from  two  molecules  of  o-brom- 
benzyl  bromide  by  the  action  of  metallic  sodium  (B.  12,  1965)  (c(>m])are 

P-  4»3): 

w  ^". + s; + ^^^       — ^^^-^  ^."4h>^-"« 

An thraqui nones  are  obtained  (5  a)  by  the  action  of  zinc-dust  upon  the 
chloride  of  phthalic  acid  and  benzene.  (5  b)  Similarly,  oxyanthraciui- 
nones  are  produced  on  heating  phthalic  anhydride  with  i  mol.  of  a 
mono-  or  polyhydric  phenol  and  sulphuric  acid  to  150*^.  If  there  is  an 
excess  of  phenol  present,  phthaleins  result  (p.  363).  (6)  o  Benzoyl-ben- 
zoic acid  and  P,Oft  yield  anthraquinone  on  the  application  of  heat. 
(7)  Di-  and  tetra-oxyan  thraqui  nones  are  formed  when  metaoxy-  and 
dimetadioxybenzoic  acids  are  heated  with  sulphuric  acid  (p.  222)  : 

(Sa)        q,H,<^j-hC,H.  5-  C.H,<^g>C.U, 

(5b)     q,H,<gg>o  +  c;h,(oh),        >       c.H,<^g>c,n.(OH), 
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The  methods  just  given  and  a  series  of  otheis— /.^.,  the  productioa  of  anthi 
from  o  lolylphenyl  ketone  and  lead  oxide,  and  Uiat  of  anthncene  and  methy 
ceiie  from  o  lolylphenylkctonc  and  o-ditolylketone  by  means  of  zinc-dust  (B.  23,  F 
demonstrate  the  accepted  symmetry  of  the  derivatives  of  anthracene,  which  i 
proved  by  the  following  fact :  brominated  o-benxoylbenzoic  add  from  o-phth 
(p.  350)  yields  bronianthraquinone ;  the  oxyanthraqamone  obtained  from  th 
however,  can  be  oxidized  to  o-phthalic  acid ;  so  that  both  in  the  synthesis  anc 
position  of  the  molecule  o-phthalic  acid  appears,  which,  in  the  first  instance, 
nvcted  with  the  one  and  in  the  second  case  with  the  second  half  of  the  molecn 
{Kire  constitution  of  naphthalene,  p.  389)  (B.  xa,  2124) : 

Thercfure,  anthra<iuinone  and  anthracene,  genetically  connected  with  it,  havt 
metrical  constitution  corresponding  to  the  symbols : 

ojo    000 

CO 

Anthracene  Anthraquinone. 

Anthracene  is  n  nucleus  resulting  from  the  condensation  of  three  benzene  not 
whirh  tile  intermciliutc  or  middle  member  shows  a  para-union.  The  positions  . 
S  [a  )  an-  alike  ;  aUo  2.  3,  6,  7  (,^).  Uy  the  replacement  of  the  middle  hydrogen  at 
aiittiiaeeiie  ;  derivatives  or  ///rvc-dcrivatives  are  obtained.  In  contrast  with  \l 
Mil>sliUieiits  of  the  two  outer  l>enzene  nuclei  are  designated  by  the  prefix  6enz,  I 
of  the  aiitliracene  tra»si>o.siliuns  the  intermediate  C-atoms  are  first  attacked. 

Anthracene,  C,4H,o,  melting  at  213®  and  boiling  at  351®,  is  iso 
with  tolanc  (p.  371)  and  phenanlhrene  (p.  413),  and  is  produced  ac 
ing  to  the  methods  indicated  upon  p.  421.  (See  also  B.  28,  R.  148 

is  found  in  large  ipiantities  in  coal-tar. 

Crude  anthraeene,  l»oiliiij»  at  340-360°  and  beyond,  is  best  purified  by  treating  i 
li«|uid  s»dj)liuruus  acid,  which  chiefly  takes  up  the  admixtures  (B.  26,  R.  634).  F 
ditioiial  inrtlxKls  of  puriiication  see  h.  18,  3034;  2Z,  R.  75;  A.  xgi,  2S8.  ( 
ically  puje  aiitliracene  is  prepared  by  heating  anthraquinone  with  zinc-dust. 

Anthracene  crystallizes  in  colorless  monoclinic  tables,  showing  a  be 
fill  l)lue  fluorescence.  It  dissolves  with  difficulty  in  alcohol  and  e 
but  easily  in  hot  benzene.  Picric  acid  unites  with  it,  yielding  ChI- 
CbH..(N().).;<)II,  crysialli/ing  in  red  needles,  and  melting  at  138°. 

When  the  cold  saturated  solution  of  anthracene  in  Wnzene,  or,  better,  in  xylene  (1 
R.  547).  is  ex|»(»MMl  t«»  >uiilii;ht,  a  dimolecular  modification  of  anthracene,  Para-tir, 
tt'nt\  (<',J1,„V„  st|ini.ite^  out  in  plates.  It  dissolves  with  difficulty  in  benzene,  i 
attacked  hy  nitric  acid  or  bromine,  melts  at  244°,  and  in  so  doing  reverts  to  coi 
anthracene. 

Alkylic  Anthracenes:  (a)  C.II /^.j^^C,H,R ;  (b)  C,H,/ i,^\c,H, 

Benz-alkyl  Derivatives       ms- or  y-Alkyl  Derivatives. 

(a)  The  henz-mono- alkylic  anthracenes  can  exist  in  two  isomerides  («-  and  /?-). 

Methyl   Anthracene,   C'Bn4(CH)aCjHj  .  CH,,   melting   at    190°,  occurs   in 
anthracene,  and  resembles  anthracene.     It   is  obtained   on   conducting   the  vaix 
ditolyl -methane  and  ditolyl-cthane  through  a  red-hot  tube;    also  on   heating  ei 
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ad  chiTSophaiuc.  acid  (hydroxylmethyl-anthraquinones)  with  zinc-dust,  as  well  as  by 
vblonged  boiling  of  benzoyl  xylene,  C^H, .  CO .  C0H,(CH,),.  Concentrated  nitric 
cid  concerts  it  into  Methyl-anthraquinone.  Antbraquinone-carboxylic  acid  is  pro- 
~  when  methyl-anthracene,  dissolved  in  glacial  acetic  acid,  is  oxidized    by  chromic 


Benz-dimethylanthracenes,  Ci4lIg(CH,),,  melting  at  2cx>^  and  225^,  are  obtained 
xylyl  chloride,  and  from  toluene  and  CH,C1,  by  means  of  AI^Cl^,  according  to 


2  and  3  (p.  421).     A  dimethyl  anthracene  has  been  isolated  from  the  high- 
xiQiiig  aniline  oils. 

(b)  Meso-  or  y-Alkyl  Anthracenes  are  obtained  from   the  alkylic  hydranthranols, 

C^H4-<p.|^ _.>C«^4»  ^y  ^*  elimination  of  water.     This  happens  on  boiling  them 

vith  alcohol,  hydrochloric  acid,  or  picric  acid  (A.  212,  100).  Alkylic  oxanthranols  are 
Sonncd  upon  oxidation:  y-ethyl,  isobutyl,  and  amy!  anthracenes,  melting  at  60*^, 
57«,  and  59®.  y- Phenyl  anthracene,  C^4Hj(C,H5),  melting  at  152®,  is  obtained  from 
phenyl  anthranol  (p.  424)  with  zinc-dust. 

/-Dimethyl  Anthracene,  CjH^(C.  CH,),CjTI^,  melting  at  179°,  is  derived  from  its 
iili^dride,  the  condensation  product  obtained  from  etbidene  chloride  and  benzene  by 
means  of  A1,CL  (p.  424)  (see  B.  ai,  1176). 

Substituted  Anthracenes :  Chlorine  and  bromine  acting  upon  the  CS,-solution  of 
mthimcene  first  substitute  the  middle  CH -groups  with  the  production  of  >--mono-  and 
dOuilogen  anthracenes.  y-Dibrom-anlhracene  is  also  formed  by  the  action  of  bromine 
upon  anthracene  hydride  (p.  424). 

When  anthracene  is  introduced  into  concentrated  nitric  acid,  free  from  NO,,  ms-Dini- 
ttoanthracene,  CjH4(C .  N(^,),C,Il4,  results.  When  this  is  carefully  heated  it  sublimes 
without  decomposition ;  if,  on  the  contrary,  it  be  rapidly  heated,  it  decomposes  readily  into 
NO  and  anthraquinone  :  CeH4(C  .  NO,),C,H4 >■  2NO  -f  C^II  JCO),C,H^.  Fum- 
ing   nitric  acid   and    alcohol    convert  anthracene  into  anthracene    ethyl    nitrate, 

C^H4-<^jj'^^Q*(>C,H4,  which  also  quickly  changes  to  anthraquinone,  but  with 

/C(OH)v 
alcoholic  potash  y\t\^s pseudo-nUroso-anthrone,  CgH^^   1  /^e^^i  (^'  ^4>  ^*  ^5^> 

947)- 

^•Amido-anthracene,  Anthramim^  C,H^(CH)2CgIl3.  NH„  melting  at  237°,  and 
meso-  or  y-Amido-anthracene,  decomposing  at  115°,  are  produced  on  heating  /^  an- 
Ibrol  and  anthranol  (see  below)  with  ammonia.  meso-Diamidoanthracene,  C^^il^- 
(C.  NII,),CgH4,  melting  at  146^,  results  from  the  reduction  of  ms-dinitroanthracene. 

Antkracetu  Sulphonic  Acids  rcsyxXi  on  treating  anthracene  with  sulphuric  acid  and  in  the 
reduction  of  anthraquinone  sulphonic  acids  (p.  426).  Anthracene  carefully  treated  with 
dilute  sulphuric  acid  yields — 

Anthracene  Mono-sulphonic  Acid,  Cj^H, .  SO,lI ;  its  chioridt  mtWs  at  122°  (B. 
s8y  2258).     Concentrated  sulphuric  acid  produces — 

a-  waa  /'?-Anthracene  Disulphonic  Acids,  which  form  dioxyanthracenes  on  fusion 
with  caustic  potash. 

Oxyanikracmes:    (l)  C,n,Q^^C.II,OH.     (2)  C.H,/^ij^    )Ceir,. 

(l)  a-  and  ^^-Monoxy-anthracene,  a-  and  /3-Antbrol,  behave  like  phenols  or  naph- 
thols.  /?-Anthrol,  from  /^-anthracene  sulphonic  acid  and  /?-oxyanthrdquinone,  is  changed 
by  nitrous  acid  to  a-Nitroso-yS-anthrol,  C,H^(CH),Cen,(OII)(NO),  which,  upon  re- 
dnctioD,  3rields  a-Amido-^-anthrol.    llie  latter  may  be  oxidized  to  /^-anthraquinone, 

/CH  — C  — CO  — CO 
C^H^  in  (^)»  ™^^^*"g  ^*^^  decomposition  at  180®,  and   isomeric 

^CH  —  C— CH— CH 
with  /?-naphtboquiDODe.      It  corresponds  to  /?-naphthoquinone  (B.  27,  1438).     It  is  only 
after  the  OH-gronp  has  been  acetyiated  that  the  anthrols  can  be  oxidized  to  oxyanthra- 
quinoncs  (see  oxidation  of  phenols,  p.  143). 

Benz-Dioxyanthracenea :  Two  isomerides, — Chrysazol  and  Rufol, — having  the 
fctuula   UH.  CgU,:  (CH),  :C^H,OII,  are  obtained  from  a-  and  /3-anthracene  disul- 
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]^h«^nic  AC  ills.  When  their  acetyl  derivalives  are  oxidised  and  saponified,  cfafyMsiBe 
ani!  anthrarufin  result.     These  are  the  corresponding  dioxyaDthraquiDoncs  ip.  426). 

{2\  ins  Ozyanthracene,  AnfAntno/^  melting  with  decomposition  at  i65°,i5prepiRd 
•.yiulu-tii-ally  when  concentrated  sulphuric  acid  acts  at  90°  upon  o-benzylbennic  idd, 

^V«  Mk)II*"*^P*  ^9^  ^^'  *^'  2789)-  Zinc  and  acetic  acid  reduce anihraqcbooe 
t«'  antliraiiol  (alonK  with  liujtUhtyiy  (C,^!!,),  (B.  ao,  1854).  Anthr.inol  can  be  retdlT 
i>\iili/cd  to  aiuhraiiuinone.  liyditaylamine  hydrochUvide  converts  it  into  aoihr*:]iuDOM 
iviiiie  (U.  20,  61 ;).     I'or  addiiional  derivatives  sec  15.  ai,  1 1 76;   28,  k.  772. 

Sunlight  ctiant^es  anthranol  in  benzene  solution,  similar  to  anthracene,  into  a  dianikri- 

//./  ^i;.  29,  R.  1143).  ^^„^ 

/C(OH)-\ 
ms  Pbenylantbranol,  ^i'^iXc^vc  H  )  /'^•^'«»    melting    at    141-14^^,  is  fonwd 

^^hen  sulphuric  acid  acts  u[)on  triphenylmethane-o-carboxylic  acid  (compile  p.  36:). 
lis  oxicUtinn  jinxluot  is  phcnyloxanthranol.  It  yields  plienylanthracene  by  rnloaku. 
Siit>^tiiutt:d  irii>henylmcthane  carboxylic  acids  form  substituted  phenylanthraiiols.  Id 
act Dfd  with  their  source,  the  hydroxyl  phenylanthranols,  like  diozyphenylanthnool, 

^'«*^  tTaV)*-— '  '^•"»^^^''^*^*  '^^  designated  phtkalUins,  because  they  ut 
rniiiu<l  t'loin  the  phthalins,  the  reduction  products  of  the  phthalelns  or  dipheool-pblhi}- 
i'h"^  (.]>.  3<\>K     When  oxidized,  the  phthalidins  become /v^M<7//dV2>ij,  hydroxyl  phenji- 

i>\Anthiano]<>  (p.  425). 

Diphenylanthrone,   CjH4<^[j  •_J^>C,Il4,  melting  at  192^,  is  a  dcriratiTerf 

anthronf^   C *,. 1 1,  ■.,^   *>(',!  1^,  isomeric  with  anthranol.     It  is  obtained  by  condnuing 

uii'syninH'trical  j^htlialyleiu-  tetrachloride  (p.  240)  with  benzene,  as  well  as  from  phenTl- 
<i\.»iillirant.l  liy  nu'ans  of  Ik.mizcik»  and  sulphuric  acid  (I>.  28,  R.  772). 

Anihra«iuiiione  is  reduced,  when  digested  with  zinc-dust  and  an  alkaline  hvJn:.xidv.',  to 

ins-Anthrahydroquinone,  CjH^n^  i,  ^C^H^.       If  exposed   to  the  air  it  a^iia 

oxi<li/cs  to  anthrafjuinone. 

/r(On)v 

Dioxyanthranol,  ('«!!/     1  ^C,H,(OH),,  so-called  anthrarobin,  rciuits  wh«: 

ali/:iiiii  is  ri<luct(l  with  /iuc  dust  and  ammonia.  It  has  been  applied  theraficutically  in 
certain  >kin  ili.seasrs. 

.///."//./.vz/r-  Cirl'cxvii.  AiU^:  The  a-  and  i'?-acids,  CgH^(CHl,(  glljOXMI,  are 
fi»rnu(l  from  tlie  anthracene-nH)no-sulphonic  acids  by  means  of  tiie  cyanides,  anil  from 
\\u)  anthr.itjuinone  carboxylic  acids  by  reduction  with  ammonia  and  zinc-ilust;  the  ■?  aii=^ 
nurlls  at  2(X)",  the  /^-acid  at  2So°. 

n»s  Anthracene  Carboxylic  Acid  is  formed  from  its  chloride,  which  is  pnduceil  wben 
anthracene  is  heated  with  phosgene  to  200°  (H.  2,  678).  It  melts  at  2CM>°  willi  detoiti 
p«»  it  ion.     Clironiic  acid  oxi»li/<'s  it  to  anthrarjuinone. 

Hydroanthracenes. — Anthracene  Dihydride,  C,^H,j,  results  from  the  action  fi" 
so«liuin  ani.ilgani  uj)on  the  alc(»liolio  s(»h»tion  of  anthracene.  It  can  also  be  obtained  !j 
many  other  synthetic  metlunls.  When  heated  with  hydrio<lic  acid  and  amorphous ph:? 
phorus  to  220°,  Anthracene  hexahydride,  ^",^11,^,  results.  It  melts  at  i-iy^^  and  bcil? 
at  2«>n°.  Anthracene  perhydride,  CjJI.^^,  is  another  product.  It  melts  at  SS^  and 
boils  at  270°  (H.  21,  2510). 

m<  AlkyHc  dcrii  ath  '•:$  ofanth  nii  nu  dihydride  are  produced  i  n  the  re<l  uction  of  the  alkyl- 
oxaniliranols,  and  ins-dialkyl  derivatives  synthetically  from  alkylidene  chloride?,  l»enKne, 
ami  Al,(  1^:  ms-Dimethyl  Anthracene  Hydride,  C,H4(CH  .  CH,),Cgn4,  mcltinj:  at 
iSi°,  yields  anthraquinone  by  oxidation  (A.  235,  305),  just  as  benzophenone  is  ob- 
tained from  unsyni.  diphenylethane. 

Amhra(]irinone  or  diketo-dihydroanthracene  must  be  included  with 
the  derivatives  of  dihydroanthraccne.     Thereto  belong  also— 
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Hydfo-anthranol  and  ozanthxmnol,  which  result  in  the  reduction  of  anthraquinone 
wkh  zuKHdast ;  and  when  acted  upon  with  alkali  and  alkylogens,  they  yield  alkyl  deriva- 
lifcs: 

C.H,<gH(^>CH, 5-C,H,<g^(^>C.H, 

Hydranthranol  Alkyl  Hydranthranols 

c,h.<c«(2^>c;h. >■  c.H,<CR(2^>cH, 

Oxanthranol  Alkyloxanthranols. 

The  oikyHc  kydramtkranoiSf  when  boiled  with  hydrochloric  acid,  part  with  water  and 
jrield  y-alkyl  anthracenes,  which  are  also  produced  in  the  reduction  of  oxanthranols  with 
nnc-dliist  They  are  reduced  by  hydriodic  acid  to  alkyldihydroanthracenes  (B.  z8, 2150 ; 
a4.R.  768;  A.  axa,67). 

Phenyl-ozanthranol  results  from  the  oxidation  of  phenylanthranol  (p.  424).  t'-AI- 
kjUc  anthracene!  are  similarly  oxidized  to  alkyloxanthranols. 

Anthraquinone,  DiphenyUne  diketone^  CeH4(CO)sCcH4,  melting  at 
285^  and  boiling  at  382^,  sublimes  in  yellow  needles.  It  is  not  only 
produced  by  the  synthetic  methods  presented  on  p.  421,  but  also  quite 
easily  by  the  oxidation  of  anthracene  with  a  chromic  acid  mixture 
(technical  preparation,  A.  Suppl.  7,  285),  as  well  as  from  anthra-hydride, 
ms-dichlor-y  dibrom-,  and  dinitro-anthracene.  It  is,  compared  with  the 
isomeric  phenanthraquinone,  very  stable  toward  oxidants.  It  combines 
with  hydroxylamine  to  anthraquinone-oxime,  subliming  above  200°. 
Sulphurous  acid  does  not  reduce  it  (unlike  the  true  quinones). 

It  reverts  to  anthracene  if  heated  to  150°  with  hydriodic  acid,  or  with  zinc-dust  and 
ammonia.  A  variety  of  intermediate  products  are  obtained  in  this  reaction  by  simply 
applying  diflferent  reducing  agents  : 

Oxanthranol  Anthrahydroquinone 

Anthranol  Hydranthranol. 

DVhen  fused  with  potassium  hydroxide  (at  250^),  it  decomposes  into  two  molecules  of 
beiuoic  acid;  heated  with  soda-lime,  it  yields  benzene  and  a  little  diphenyl. 

Homoloe^ua  Anthraquinonea  are  obtained  partly  in  the  synthetic  way  and  in  part 
by  the  oxidatioD  of  benz-alkylic  anthracenes. 

Methyl  Anthraquinone,  CsH^(CO),C;H, .  CH,,  melting  at  177°,  from  nitric  acid 
and  methjrl  anthracene,  is  also  present  in  crude  anthraquinone. 

Sabttituted  Anthniquinonea :  Monobrom -anthraquinone,  melting  at  187^,  is 
fisniied  in  the  oxidation  of  tribromanthracene.     Tetrabrom-anthracene  yields — 

Dibfom-anthraquinone,  which  is  also  produced  in  the  bromination  of  anthraqui- 
■ofie.     It  yields  aliaurin  when  heated  with  caustic  potash. 

A  mononitroquinonc  is  obtained  when  anthraquinone  is  boiled  with  concentrated 
•kiic  add.     It  melu  at  230^  (B.  16,  363). 

Dinlttoanthrmquinone  isiormed  on  digesting  anthracene  with  dilute  nitric  acid  (i 
part  with  3  parts  water).  It  consists  of  yellow  needles  or  leaflets,  melting  at  280^,  and, 
lilEe  picric  add,  manifesti  the  property  of  forming  crystalline  combinations  (Fritsche's 
reagent)  with  many  bydrocaibons. 

i-Aiiiido-«iithnu|iiiiione  melts  at  242<>  (B.  30,  11 16). 
n— 36 
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\Mien  anthraqninone  is  heated  with  sulpbaric  acid,  or  when  anthxmcene  solphonic 
are  oxidized ,  various  anthraquinone-mono-  and  di-aalphonic  acids  are  proc 
When  these  are  fused  with  caustic  potash,  mono-  and  poly-oayanthraqoinooes  are  fc 
Some  of  these  are  valuable  dyes : 


/J-ADthraqainone-monosulphonic  Acid i         AliiSnf^H?*'* 

A   *u                  J-    1  u     •     A  -J  f — ^  Anthraflavic  Acid  (2OH) 

a- Anthraqumone-disulphonic  Acid      1_^ FUvopurpurin  (3OH) 

,^  Anlhraquiiione  disulphonic  Acid      {I^  J^m^^^n^^^^ 

>  - Aiilhraquinone-disulphonic  Acid       {  ^^  o!!!jl^^^^(^lu) 

d-AnthraquinoneniisulphoDic  Acid      {^^  O^y^^^^j^l^^H). 

The  Oxyanthraquinones  are  derived  (i)  from  the  brom-  and  cl 
anthraqui nones  and  from  the  sulphonic  acids  on  fusion  with  alb 
when  the  substituting  groui>s  are  replaced  by  hydroxyls. 

By  stronger  fusion  there  generally  ensues  an  additional  entrano 
hydroxy]  (oxy-  and  dioxyanthraquinones  result  from  the  mono-sulph 
acids);  the  same  is  true  in  the  fusion  of  the  oxyanthraquinones  (B. 
1613). 

{2)  The  oxyanlhraqui nones  may  be  synthetically  prepared  on  hea 
phtlialic  anhydride  with  phenols  (mono-  and  poly-valent)  and  sulph 
a<  id  to  150*^.  The  m-oxybenzoic  acids  (p.  421)  also  yield  them  ^ 
similarly  treated. 

The  inlroduciion  of  hydroxy]  into  anthroquinone  and  the  oxyanthraquinones  ca 
«-fTectc<l  practically  l»y  pcrsulphates  in  sulphuric  acid  solution.  One  or  several  hydi 
^rruups  will  then  enter  tlie  anthraquinone  molecule,  depending  apon  the  conditions  w 
prevail  (li.  29,  R.  9S8). 

(.'ontinued  fusion  with  allcalies  causes  the  oxyanthraquinones  to  separate  into 
c()m]X)nent  oxyhenzoic  acids  (same  as  anthraquinone  decom(x>ses  into  benzoic  acid), 
tliis  reaction  aids  in  the  determination  of  the  position  of  the  isomerides  (1).  X2,  I: 
A.  280,  iV 

All  anthraquinones  are  reduced  to  anthracene  when  heated  with  zinc-dust. 

Individual  hydroxyls  in  the  oxyanthraquinones  art  reduced  by  heating  the  latter 
stannous  chloride  and  sodium  hydroxide  (A.  183,  216).  Heated  to  150-200° 
ammotiia  water,  single  Oll-^jroups  are  replaced  by  amide  groups. 

(a)  Afono.rvtvtt^inK/niuones,  €1^14,0,(011),  the  a- or  Brythro-oxyanthraquinc 
melting  at  190°,  and  the  /?-  at  323°,  are  formed  simultaneously  on  heating  toge 
phenol  and  phthalic  anhydride.  The  /J-body  is  also  prepared  from  /?-brom-  or  suli 
anthraquinone. 

Both  oxyanthraquinones  yield  alizarin  when  fused  with  caustic  potash. 

(b)  Dioxyanihraquifwnes :  The  members  of  this  group  contain: 
two  OH-groui)s  in  the  1,2-position  (p.  422)  are  especially  interesting, 
cause  they  unite  with  metallic  oxides  to  form  insoluble,  very  stable  lak 
which  adhere  closely  to  the  fiber.  Their  color  varies  with  the  ch 
acter  of  the  metal.  They  are,  therefore,  very  valuable  mordant  d; 
(B.  21,  435,   1 164)  (compare  the  similar  behavior  of  the  dioxybenj 

phcnones,  p.  348,  of  naphthazarinty  \v.  i\o^,  ^Vc.    ¥Qt  the  theoretical  si 
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consult  B.  26,  1574).  Alizarin,  i,2-di()xyanthraquinonc,  is  the  must  im- 
portant of  these  dyes. 

Nine  of  the  ten  possible  isomeric  dioxyanthraquinones  are  known. 

Alizarin,  ij2'Dwxyanthraquinoney  melting  at  290°  and  subliming  at 
higher  temperatures  in  orange-red  needles,  is  the  chief  constituent  of 
the  dye  of  the  madder  root  {Rnbia  tinctortuni),  in  which  it  is  contained 
as  ruberythric  acid  (identical  with  morindin,  from  Morinda  citrifoiid), 

Throagh  the  action  of  a  ferment  in  the  madder  root,  or  when  it  is  boiled  with  dilute 
acids  or  alkalies,  mberytbric  acid  decomposes  into  glucose  and  alizarin : 

Ruberythric  acid    C^H„0,4  +  2H,0  =  2C,H„Oj  -f  Ci4H,0,(0H),    Alizarin. 

The  alizarin  products  {garancin^  etc. )  obtained  by  such  decompositions  of  madder  root 
were  formerly  used  in  dyeing.  At  present  they  have  been  almost  entirely  supplanted  by 
pure  synthetic  alizarin. 

Artificial  alizarin  was  first  obtained  by  Graebe  and  Liebermann,  in 
i868y  by  heating  dibrom-anthraquinone  with  potassium  hydroxide. 
They  had  previously  observed  that  the  natural  alizarin  yielded  anthra- 
cene when  it  was  heated  with  zinc-dust.  Alizarin  is  also  produced  from 
dichlor-  and  monobrom-anthraquinone,  from  the  two  oxyanthraquinones 
and  anthraquinone  sulphonic  acid,  by  fusion  with  caustic  potash. 

Technically,  it  is  made  from  anthraquinone  prepared  from  purified  (50  per  cent.)  anthra- 
cene. The  latter  is  converted  by  fuming  sulphuric  acid  into  anthraquinone-monosulphonic 
acid,  which  is  then  fused  underpressure  for  several  days  with  caustic  soda  at  a  temperature 
nnging  from  180-200^.  Potassium  chlorate  is  added  as  an  oxidizing  agent.  The 
product  of  the  reaction  is  sodium -alizarin,  which  is  then  decomposed  with  hydrochloric 
acid  and  brought  into  the  market  in  the  form  of  a  paste  (10-20  per  cent.). 

Alizarin  also  results,  together  with  isomeric  hystazarin,  on  heating 
phthalic  anhydride  with  pyrocatechin  and  sulphuric  acid. 

Alizarin  dissolves  readily  in  alcohol  and  ether,  and  sparingly  in  hot 
water.  It  dissolves  with  a  purple-red  color  in  the  alkalies;  lime  and 
barium  salts  throw  out  the  corresponding  salts  as  blue  precipitates.  Alums 
and  tin  salts  produce  r^//-^^^r^// precipitates  (madder  lakes) ;  while  ferric 
salts  form  blackish-violet  dXidi  chromium  salts  violet-brawn  precipitates. 

In  cotton  dyeing  and  printing  the  beautiful  red  lake  and  the  almost  black  iron  lake 
are  generally  employed.  The  goods  are  mordanted  with  alumina  (by  immersing  them 
in  alamininm-acetate,  then  heating,  whereby  aluminium  hydroxide  is  deposited  on  the 
fibers)  and  then  dipped  into  the  solution  of  alizarin;  the  resulting  alizarin -aluminate  is 
fixed  by  the  fibers.  In  dyeing  with  turkey-red  it  is  customary  to  mordant  the  cloth 
with  oil  and  alom,  when  the  alumina  then  unites  both  with  the  oleic  acid  and  with  the 
alizarin. 

Alixarin  is  decomposed  by  protracted  fusion  with  caustic  potash  into  benzoic  and 
proCocatechuic  acids. 

^-Nltroalixarin,  Alizarin  Orange^  CJl4(CO),C0H(On),(3)NO^,  consists  of  orange- 
red  leaflets,  melting  at  244®.  It  is  produced  by  nitrating  alizarin  m  glacial  acetic  acid 
or  by  the  action  of  NO^-vapors.  It  is  prepared  technically.  Its  alumina  lake  is  orange 
in  color.  Alitarin-blue^  a  derivative  of  anthraquinoline  (B.  z8, 447),  results  upon  heat- 
ing it  with  glycerol  and  sulphuric  acid  (see  .Skraup's  quinoline  synthesis). 

^Amidfl^aliiarin  results  by  the  reduction  of  /3-nitroalizarin.     Acetic  anhydride 
coDverts  it  into  an  echenyl  compound,  which  proves  that  the  amdo-^ioM^  QKioi>^\«&  «si 
ottho  poaition  relative)/  to  a  hydroxyl  group  (B.  x8,  1660). 
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laomeric  a-nitro-alisarin  (1,2,4)  is  olHained  by  the  nitntioii  of 
melts  ai  195*  icomjwc  B.  24,  *6io). 

Alisarin-amidc,  C,4HjO,<^'j2j",  obuined  by  healing  alizarin  with 

lo  200».  melts  ai  225».  

When  nitro-anthraquinonrs  are  reduced  hydroxy lamidoanthnqniDODCS  are  fonn; 
the!«  can  lie  rearranged  by  sulphuric  acid  into  amido-oxyanthraquinooea. 

Three  of  the  diuxyanlhraquinones  isomeric  with  alizarin  contain  theOH-groQ{siiflK 
I  K-iizene  nucleus.     They  arc  : 

(i.^VPurpurozanthin,  from  phthalic  anhydride  and  resorcinol:  (i4)'<|iiinisWi 
finm  hyiln)>|uinone;  an«l,  (2,3)- hystazarin,  from  pyrocatecfain  (B.  a8, 116).  They« 
).rf'i>ar«*il  more  ailvantageau&ty  from  their  eifiers^  which  result  by  the  condensatica  ojf  tk 
ciirres{M>n(1in(;  ilioxy -benzene  ethers  with  phthalic  anhydride  and  Al,Qg. 

1  lie  following  beteronuclear  dioxyanthraquinones  are  prodnced  when  m-ozTUuK 
acid  is  heated : 

(1.5)  Anthrarufin,  (i,7)-MeUdioxyanthraquinonc,  (2,6)-Anthraibvic  Acid. 
Isoanthraflavic  Acid  is  ubiained  from  J-anthraquinone-suIphonic  acid.  Chrytaiii 
is  aiuiihor  iwnicride.  It  is  obtained  from  its  tet ran itn>- compound,  C„H,(NO,v.t','' 
(<»ni,,  the  st>called  chrysammic  acid,  by  reduction  and  the  repJacemeot  of  ifcf 
nmid  gn>ups.  Ttiis  latter  acid  is  obtained  when  ah^s  are  digested  with  conceatrtcd 
niiric  aoid.     Consult  B.  19,  2327,  upon  the  spectra  of  the  dioxyanthraquinones. 

//."/.'/I'.jjfi/j  DioxyaMthnitfuhtones :  Diozymethylanthraquinone,  C,4HjiCH,K\ 
r<  »1I  \,,  i^chrysophanic  or  Rheinic  Acid,  melting  at  178°  y\,  2B4.  193V  h  f}^ 
in  M'lm.i  leavfi  (of  the  L\issui  varieties)  and  in  the  root  of  rhubarb  (from  the -ff «»* 
variet\  ).     Zinc  dust  reduces  it  to  methyl  anthracene. 

Chrysarobin,  C,yH«<  V  a  reduction  product  of  chrysophanic  acid,  occurs  in  gw-sTiC 
nrri>rol  a  powder.  Air  oxidizes  its  alkaline  solution  to  chrysophanic  acid.  The  siw 
iiccurs  in  tlu-  animal  urgnnism  (B.  21,  447)- 

Methyl-alizarin,  melting  at  250-252'^,  is  isomeric  with  dioTjTnethylanlhraquir.^. 
It  i-.  ol'taiiiri!  trom  meihyl-anlhranuinone  sulphonic  acid.      It  is  very  similar  to  a'inm 

Varj.iHN  methylpurpuroxanthins  have  been  prepared  by  the  conden^a:jon  cf  i.^o 
di«i\vl<rn/i>ii'  aud  \\\\\\  o-  anil  ni  tohiic  acids  (B.  29,  K.  I41). 

Dimethyl-anthrarufin4("lIj)(OlI)CjH,((^»),CgII.(cn3>(()H).can.al>c.lK;obU:=rd 
1)\  the  action  of  sul]4iuric  acid  upon  sym.  oxytoluic  acid  (B.  22,3273). 

( r )   7  yioxya  niJuaqui nones, 

riu>o  arc  produced  on  oxidizing  anlhraquinone  disulphonic  acids  anu 
(liowautlirajiuinones,  or  upon  fusing  them  with  alkalies. 

Purpurin,  ^e"*  a!  cvi[  1,2,4] (Oil),-:  n^o,  melting  at  253=  (.an- 
hvilrotis)  and  suidiniablo,  is  i)rcsent  with  alizarin  in  the  madder  root.  I- 
is  prt*|)arcd  artificially  by  heating  alizarin  and  quinizarin  with  mangaiie>c 
(li(>xi(le  and  siiljduiric  acid  to  150°.  Is  is  also  obtained  from  tril»r*.m- 
aijthraiiuinonc.  It  dissolves  with  a  pure  red  color  in  hot  water, 
alcohol,  ether,  and  the  alkalies.  Lime  and  baryta-water  yield  purplercil 
precipitates.      It  yields  a  beautiful  scarlet  red  with  alumina  mordants. 

Purpurin  iimitiey  C,4ll50^(()H),NII,,  is  obtained  on  digesting  purpurin  with  aqueocs 
ammonia  at  150°. 

The  following  are  isomorides  of  pnri)urin :  anthrag-allol  (1,2,3).  a  const  it  iwDt  »'i 
ii/iziin'n  ln\mmy  anthra-  or  isopurpurin  (1,2,7).  and  flavopurpurin  (1,2,6^,  appM 
technically  in  dyeinjj  and  printing',  and  also  oxychrysazin  (1,2,5  ^)'  <  onsult  A.  280. 
I,  for  the  detennination  of  the  constitution  of  these  bodies  from  the  decom|X)sitit>ns oi 
the  disulphonic  acids  genetically  connected  with  them. 

Ilomolo'^ous  7rioxyanthratfuiftones:  Kmo<iin,  and  a  trioxymethylanthraquinone. 
melting  at  203°  and  isomeric  with  it,  nre  formal,  together  with  rhamnose,  by  the  dwom- 
position  of //uw^'//////,   from  the  b.irk  of   Rhafmius  frangula^  by  means  of  alcoMif 
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ifafdrodikric  acid  (B.  25,  R.  371).     Emodin  also  results  from  the  decomposition  of 
~  hgrntine, 
|d)  Tttra-  and  Poty-oxyanthraquinones  :  When  ozyanthraquinones  are  heated  with 
snlphuric  acid,  new  hydroxyls  enter  these  bodies,  para-hydrogen  atoms  of  the 


■an-mbstitnted  nucleus  being  replaced  (J.  pr.  Ch.  [2],  43,  231 ;    44,   103).     Thus, 


I  yields  quinalixarin,  alizarin-bordeaux^  C|^H40|-i,2,5,8-(OH)4. 

Two  teCraoxyanthraquinones,  antbrachrysone  and  rufiopin,  are  obtained  by  heating 
qfBBMtrical  dioxybenzoic  acid  and  opianic  acid  (p.  237)  or  protocatechuic  acid  (p. 
997)  with  sulphuric  acid. 

Rnllfallic  Acid  b  a  hexa-oxyanthraquinone,  C,4H,0,- 1,2,3,5,6,7 -(OH ),,  which 
b  fimned  when  gallic  acid  is  heated  with  sulphuric  acid.  It  dissolves  with  an  indigo- 
Wac  eolor  in  alkalies. 

It  dyes  chrom-mordanted  material  brown.  It  appears  in  trade  in  conjunction  with 
■athrapmpurin  as  alizarin  or  anthracene  brown.  Anthracene  blue^  formed  by  the  action 
of  faming  sulphuric  acid  upon  dinitroanthraquinone,  is  an  isomeric  hexaoxyanthraquinone. 

Andiimquinone  Carboxylic  Acids :  a-  and  i9-Anthraquinone  Carbozylic  Acids 
■n  produced  in  the  oxidation  of  anthracene  carboxylic  acids.  The  a-acid  (m.  p.  285®) 
b  aho  formed  in  the  condensation  of  benzoyl  phthalic  acid  and  isophthalic  acid  (B.  29, 
R.  3S4),  and  the  ;3-acid  when  chromic  acid  acts  upon  methylanthracene.  The  amide  of 
Ihe  o-acid,  treated  with  bromine  and  alkali,  yields  i-amidoanthraquinone  (p.  425 ;  B.  30, 
1115).  Triozyanthraquinone  Carbozylic  Acid,  purpurin  carboxylic  acid^  ^uH^- 
p^OH)^CO,H,  is  pseudo-purpurin,  which  occurs  in  crude  purpurin  (from  madder). 
oil  beating,  it  decomposes  into  carbon  dioxide  and  purpurin. 

See  C  1894,  II,  784,  for  the  synthetic  purpurin  carboxylic  acids. 
•CH 

Naphanthracene,  CJI^^^  j  ^Cn,H,,  melting  at  141°,  may  be  included  among  the 

faOBiologons  anthracenes.     It  is  isomeric  with  chrysene  (p.  416).     It  is  formed  when  its 
qoinone  is  digested  with  zinc-dust  and  ammonia. 

Naphanthraquinone,  C,H4(CO),C|oH^,  melting  at  168°,  is  obtained  from  naphtoyl- 
COC )  w 
o-bensoic  acid,  C^H^<^q    ^   „  ,  the  same   as  anthraquinone  from  benzoyl-benzoic 

arid  (B.  19,  2209;  29,  827). 


GLYCOSIDES  OR  GLUCOSIDES  AND  PENTOSIDES. 

Glycosides  or  glucosides  are  those  vegetable  substances  which  break 
down  into  sugars,  chiefly  graj^e  sugar  or  glucose,  and  other  bodies,  when 
they  are  exposed  to  the  action  of  unorganized  ferments,  enzymes  (i,  587). 
Some  of  them  decompose  into  isodulcite  or  rhamnose,  a  pentose,  hence 
they  are  designated  as  pentosides.  In  many  glycosides  the  exact  nature 
of  the  siigar  is  not  known.  The  glycosides  and  pentosides  are  therefore 
to  be  regarded  as  ethereal  sugar  derivatives.  Some  of  them  were  de- 
scrilied  under  their  decomposition  products,  while  many  have  been 
synthesized. 

E.  Fischer  demonstrated  that  the  simplest  glucosides  could  be  prepared 
by  the  action  of  hydrochloric  acid  upon  alcoholic  sugar  solutions;  they 
have  been  described  (i,  549). 


I.  if  jrrofuc  Add,  C,«Hi9NS,0,p,  occurs  as  potassium  salt  in  the  seeds  of  hlac 
tttd.    This  oystallices  from  water  in  bright  needles.     On  boiling  it  with  baryta 


'  black  mus- 
1a-water, 
or  bjr  the  action  of  the  ferment  myrosin,  present  in  the  seed,  the  salt  decomposes  into 
f&n-Mr,  alfyl  mmstard  nl^  and  primary  potassium  sulphate. 

a.  Arbutin,  C,,HmOy,  and  Methyl  Arbutin,  C,.i,1I,,07,  are  found  in  the  leaves  of 
AHmtm  upa  mrsu    Arbutin  crysullises  in  fine  needles,  with  ^/i-\  mo\«cv\^  <A  Nit^xxx 


I  at  i»7*  ^B-  t«,  800)  in  ih^  mmhrdM^mst  itele.     MiA} 

U  k  lumiMtA  Mti(va*Xif  it^m  Krfantkt  bf  the  m£i$om  of  oietliyl  ki 


3,  SaUelitt  Ci,ll(,0|,  twAjfrtt™,  ^«*^fli#,  mcltine  »t   iSg*, 
i«ttve&o£  wiMow*— ^.  r.,  -So/i>  h^iiw^nnd  lomc  poplars,  fruii 


It  fonm  Uimirv^  aytuU,  which  ittiuiolve  tf^iUf  in  hot 

OnidMiU  canvcit  it  inia  kiHim^  h^not  the  saUgmtii  10  ^i 
tHc  pNnol  otTSCfi  ttora  with  iht  gluot^se.  The  enr^rMm  /b^ 
decpmpaat  vS&a,  inu^  gluco^  and  MUfCQSn  (p,  ^17]  : 

c^HiiOs .  o .  cjd^ ,  CH, .  OH  +  ">o  ^  c;Ht,o^  +  HC 

Bufliiig  dHutc  iidd»  dccoitipoM  U  b  s  amilar  miuuicrt  but  if 
rltanfvd  to  hftltrrtin. 

PopuUmt  th«  lienroyl  deriv*tj?c  of  sftliein^  Cj,H^,(CjH|0)C 
iMrk  ud  tmrc;!  of  tefuim  (remtti*^.  It  cjui  abo  be  sitihcixl 
bciui^  aoliydfkle  upc^n  Aalicm. 

li^an,  isslicylnld^byde  glucoM,  C,ll,{0  ,  C,H,iO.)  .  CHO, 
mIMa  ffitb  nitric  »cid.     li  reverts  lo  mlicin  u[>c>n  reduction. 
|iaf«d  ffdin  ««Ucylic  aUlclvydc  and  acetocbldthydrose,      Tc  is  brd 
liy  r«nnrntft  or  dilute  Rrid». 

Glucose. cumaraJdehyde,  C„Hi,C\  ,  O  .  C^R^  .  CH  ^  CH 

MMhylgiuco  o-cumar-ketone  rc^uUfmm  the  coDdensatioo 
amdacsetanc  (B.  a^,  J 180). 

4.,  Atnygd^liHf  Mandtii^-Hitriif  digluiMe^  »t        11       j 

occurs  in  bitter  almonds  and  In  the  kernels  of  Fomace^  juid  A 
in  chemeSf  peaches,  apricots,  and  ibe  leaves  of  the  cherry  Uui 
lirea  from  alcohol  in  white,  sh mi Dg  leaflets,  and  disi^Ives  readily 
(Jn  l>oiling  with  dilute  ncids,  or  upon  standing  with  water  and  ^m 
in  hitter  almonds,  amygdahn,  ii  decomposed  into  oil  0/  ^iUff 
kyJrocyank  add.  When  an^ygdalin  is  Lkoiled  with  alkalies,  ih 
uniTDonia,  and  timygiiiiHe  anV,  C^H,aO,|,  is  piodueed  j  this  de 
acid  and  glucoses,  when  boiled  with  dilute  acids. 

Yeast  scfiarstes  but  one  molecule  of  glucose  from  amygdalin, 

^  ,    ,    ,,  ^ CH..CH,CN  O 

delnitnto-oramygdonHnloglycoside,  1 - — — — 

0CH.[CIIOH], 
melting  at  147^149°,  which  emulsin  ricsolves  into  oil  of  bitter  aii 
(glucose  (!J.  a8,  150R). 

S-  Co ni ferine,  Ci^H^O^j  4-  ^H,0,  is  found  in  the  cambium 
asparogys,  and  in  the  black  root  of  Scorntm^ra  ^is/anka  (B,  25, , 
the  air,  and  melts  at  1^%^.  It  acquires  a  dark  blue  color  when 
and  hydrocbbric  acid.     Boiling  acids  or   emulsin   decompose 

Qlycovanillin,  0^113(0.  CH^MO .  C„H„Oj) .  CHO,  the  glnc 
ing  at  to 2*,     Acids  or  euiuhin  split  it  up  into  glucoses  and  vanil 

Syringin,  AUih€.xyi'^oftifinH^,  C^H.^O,  +  H,0  =  C^HyO 
H,U!J,  occurs  in  the  bark  of  Syringia  vu/^^rrs  and  Liguiir^m 
Igi*  flud  shows  changes  similar  to  those  of  contferine, 
tr*  ^*^l<»ridzjn,  CjiHjPj^j,  mdting  at  loS*,  occurs  in  the  ro< 
J**^*  \  lieucc  the  name,  from  p^^Qto^^  bark,  and  }ii^a^  root*  It  is  i 
Pciiosides ;  uann^in  and  kesptrUin.     It  breaks  down  into  £» 
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..-he  phlotoglncin  ester  of  p-oxyhydratropic  acid,  and  the  latter  into  phloroglucin  (p.  165) 
rmd  phloretic  acid  (p.  226) : 

C,.H^Oio  4-  H,0  =  C,n„0,  (Glucose)         +  C^s^ifit  (Phloretin) 
CuHj^Oft  +  H,0  =  C,H,0,  (Phloroglucin)  +  CjIIioO,  (Phloretic  Acid). 

,  7.  Asculin,  CijHifO,  4-  >^H,0,  melts  at  about  205^  when  it  is  anhydrous.  It  is 
land  in  the  horse-chestnut,  yEsculus  hippocastanum^  and  in  the  root  of  the  wild  jas- 
■faet  Gtbemium  sempennrens.  Acids  or  ferments  resolve  it  into  glucose  and  aesculetine 
or  JL5-dioxycoumarin. 

8.  Daphnin,  CuHi^Og  -|-  2H,0,  melting  at  200^,  is  isomeric  with  the  preceding. 
It  bobuined  from  the  bark  of  Daphne  alpina.     It  breaks  down  into  glucose  and  daph- 

stin  or  3,5-dioxycoumarin  (p.  283). 

9.  Praxin,  C^HjgOjQ,  occurs  in  the  bark  of  Fraxinus  excelsior^  and,  like  sesculin,  in 
e  baik  of  the  horse-chestnut.     It  decomposes  into  glucose  and  fraxetin,  the  mono- 

nethjl  ether  of  a  trioxycoumarin  (B.  27,  R.  130). 

10.  Iiidin,  C^H^O.,,  melting  at  208^,  occurs  in  the  root  of  the  violet,  Iris  floren- 
ilMw,  etc.  Dilute  sulphuric  acid  resolves  it  into  grape  sugar  and  irigenin,  C,gII,.Og. 
The  latter  is  probably  a  polyoxyketone.  Concentrated  caustic  alkali  decomposes  it  mto 
fcnnic  acid,  an  aromatic  oxyacid, — iridic  acid^  ^v^vPv  melting  at  118^,  which  by  loss 
of  ^>,  becomes  iridol  or  3-oxy-4,5-dimethoxy-i-methylbenzene,  melting  at  57^, — 
■nd  irttol^  CyHgO^,  or  methoxyphloroglucin,  melting  at  186°  (p.  165)  (B.  26,  2010  ;  27, 

R.  5I4)- 

11.  Ruberythric  Acid,  CmH„0,^  =  HO .  C^H^O, .  O  .  Q^^\f^J^O\i\y  melting  at 
358-260^,  is  the  glucoside  of  alizarin  (p.  427).  It  is  formed  in  the  madder  root  of 
Rmhia  tmctorum^  and  breaks  down  under  the  influence  of  hydrochloric  acid  into  alizarin 
and  glucose  (B.  ao,  2244).  Purpurin  is  also  contained  in  the  madder  root  as  a 
gincoside. 

12.  Digitalin  {Digitalinum  verum^  Kiliani),  C^H^O,,,  is  an  amorphous  glucoside. 
It  it  the  active  principle  of  the  digitalis  glucosides,  which  occur  in  the  leaves  of  Digitalis 
fmrpurea  and  lutea.  Concentrated  hydrochloric  acid  breaks  it  down  into  digitaligenin, 
C||H„0,,  grape  sugar,  C,Hj,0„  and  digitalose,  C^Hi^O^. 

Its  therapeutic  action  consists  in  its  occasioning  <*  less  frequent  but  more  satisfactory 
hent  contractions."* 

The  chief  ingredient  of  the  digitalis  glycosides  is  without  therapeutic  action.  It  is  crys- 
talline digitonin,  Cj^ H^O„,  which  is  resolved  by  aqueous  alcoholic  hydrochloric  acid 
into  digitogenin,  C,.H,404,  glucose,  and  galactose.  The  decomposition  of  the  latter  has 
led  to  a  series  of  acids,  the  constitution  of  which  is  as  yet  undetermined  (B.  27,  R.  881 ; 
si,  R.  1056). 

13.  Saponin,  C^H^^Oig,  from  the  root  of  Sapcnaria  officinalis^  is  a  white  amorphous 
powder,  which  provolces  sneezing  and  foams  in  aqueous  solutions.  Its  decomposition 
yields  glucose  and  sapogenin,  C^^H^O,. 

14.  Convolvulin,  C,,HjoO,f,  from  the  jalapa  root  of  Convolvulus  purga^  is  a  gummy 
mass,  which  is  a  powerful  purgative.  Among  its  decomposition  products  are,  in  ad- 
dition to  a  sugar,  d-Methyl-ethyl-acetic  Acid,  and  an  Ox}rpentadecylic  Acid, 
C;H4CH(CH,)  .  CH(0H)C9Hi. .  CO,H,  melting  at  50°.  Nitric  acid  oxidizes  the  latter 
to  methjl-ethyl-acetic  acid  and  an  acid,  CjoHi^O^  (B.  27,  R.  885),  melting  at  116°, 
iMneric  with  sebacic  acid  (i,  45 5J. 

15.  Jalapin,  scammonin,  Cy^Hg^Oif,  from  Convolvulus  orizabensis^  and  from  scam- 
iKNiinm  resin,  yields  acetic  acid,  tiglic  acid,  and  palmitic  acid  upon  distillation  (B.  26, 
R.  591;  J7,R.  736). 

16.  Polygonin,  QiH^Og,  melting  at  203^,  is  a  glycoside,  and  has  been  obtained 
ftoni  the  foot-bark  of  Folygonum  cuspideUum.  It  yields  cmodin  when  it  is  decomposed 
%ith  alcoholic  hydrochloric  acid  (B.  29,  R.  86). 

Pentonides,  Rhamnosides. — The  following  pentosides  are  to  be  regarded  as  ethereal 
Compoands  dirhamnose^  ^J^\S^%  =  ^sHuOs  4-  H^O  (i,  536),  or  of  isodulcite  : 


*  Bins,  '*  GmndzQge  der  Arzneimittellehre,"  p.  s>* 
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1.  Naringin,  C,|H,,0„  +  4H,0,  melts  when  anhTdnms  at  176".  It  ii  fc^ 
rliietly  in  the  blosscims  and  also  in  other  pans  of  the  tree  Citna  demammafA^ 
The  name  of  the  pentoside  is  derived  from  **  naringi,"  a  Sanscrit  word  oaiuBgcmpi 
I  )ilute  acids  decompose  it  into  rharanose  and  narimgenin^  melting  ai  2jo^.  Thel*^ 
is  the  phloroglucin  ether  of  p-oxycinnamic  acid,  which  concentrated  canstic  poUihbiab 
down  into  phloroglucin  (p.  165)  and  p-coumaric  acid  (p.  282)  (B.  so,  296) : 

C„H»f\,  =  C,H,,0,  (Khamnose)     +  C,jH„0^  (Naringenin) 
C,5n„C>j  -f-  11,0  =  C^H.O,  (Phloroglucin)  +  C;H,0,  (p-Coonaxic  Add). 

2.  Hespcridin.  (  nH^O,,  (?),  or  C^HgoOn  (?),  melting  at  251^  is  preseat  iavp 
omn^es,  lemons,  etc.  It  decomposes,  when  healed,  into  glucose,  rhaauoK,  oi 
he>|i«Ti.'tin,  melting  at  226°.  Caustic  potash  resolres  the  latter  into  phloroglodi  oi 
isofcrulic  acid  (p.  283)  (B.  14,  948)  : 

i\,\\^S\,  +  3",0  =  2C,H„0,  4-  C,H.,0,  (Rhamnose)  -f  2C,.H,,0,  (llopattis) 
^  is'  'i4*  *•  -r    H,0  =  C,H,<J,  (Phloroglucin)  -f  CjoH^O^  (Isofcrulic  Acid). 

3.  Quercitrin,  C„H„0„,  is  present  in  the  bark  of  Quercm  tinctoria  and  is  iffW 
uruliT  (he  name  quercitrone  as  a  yellow  dye.  It  breaks  down  into  rhamnose  lod  qos- 
cetin  (sec  this),  a  phenylbenzopyrene  derivative  (B.  26,  R.  234  ;  28,  2303): 

C,iH„0„  -f  11,0  =  CjH^O,  (Rhamnose)  -f  CjjHgpO,  (Qucrcelrin). 

4.  Frangulin,  C,,II^O,,  melting  at  2S6**,  occurs  in  the  bark  of  Rkamnus  fr§9^ 
Wiien  it  is  sa]H)nificd  with  alcoholic  hydrochloric  acid  rhamnose.  emoJin  (p.  429)''' 
a  trioxyniethylanthraquinone,  isomeric  with  the  latter,  are  produced  (B.  25,  R.  370): 

^'2ill.^)<>»-r  2lI,0:---CeH,/),  (Rhamnose)  4  CuHjoOj  (Emodin). 


BITTER    PRINCIPLES. 

Tntlor  the  head  of  '*  bitter  principles,"  or  indifTerent  substances,  is 
rinl)i;m*(l  a  class  of  vegetable  bodies  many  of  which  have  already  fiwnd 
iluir  place  in  the  chemical  system.     Those  yet  uninvestigated  are: 

Alom.(',,n,,(\.or(:,,n,gO,  (?)  (R  23,R.  207).foundinaloes.thedriedsapofmMy 
plants  <it  the  aloe  variely.  It  forms  fine  needles,  possesses  a  ver>'  bitter  ta^te,  *nd  «t$ 
as  »  sironj,'  i.iir«mive.  if  digested  with  nitric  acid  it  yields  aL^tic  acid,  C\^n^tNO,i,t', 
yf;^'ttni/roan//:rn,pihtofit)  and  chrysanimic  acid,  iHoxvtftranitro*tntAfa,pnn£>MeS\fi\ 
\\  4  ''^*''  ^*'  -^  Authiaonc  is  formed  when  aloln  is  heated  with  zinc-dust  (B.  i,  1051 
Y  t'Mins  .,/or,„n\  „././.  (\.H,„(),  I   H-O,  when  fused  with  caustic  potash.     This  hreilu 

•lissolv 


S,,.J:f?^^^^*^»"»  t*,o»'i,<\»  nielts  at  218°  and  sublimes  readily.  It  is  contained  in 
It  ,1;  1  '^^  •"'*^  "^^'^^^  iii>ccis.  It  tastes  very  bitter  and  produces  blisters  on  the  skin 
I'  rnnu.i  '*^^  -V"  '**''^^''**  '^■''^'  alkalies  and  forms  salts  of  .rfwMtf r/«iV  tfiiV/.  C,oH, A 
=*"•!  a  /»//"*^  n  P^'<^">ll»yilrazine  to  an  addition  product,  C„H^N,OH.  melting  at  I04^ 
'•'"  into  '^''-''^7-»''''*"='''''''  "H'lting  at  23S0  (R.  26,  I40).  Hydriodic  acid  converts canlbari- 
^'  '**  's  distill ''['".  ""'''*  ^lo""^  ^   "  <-.,"ii<^^  •  ^^  •  ^'0,H,  isomeric  with  it.     When  this 

**>crotoxin   T'*^*  ^""*^'  '''"^^'*"'^"^  or  dihydrooxylene  (p.  294)  results, 
"pedles,  nicli?/     »»''»«^  V,  4   lli<  >.  is  found  in  the  grains  of  cockle,  and  crystallizes  in  fine 
*J>««^.stf,i   ^.jj.   'K  at  201-.    h  has  an  extremely  bitter  taste  and  is  very  poisonoos.    Wbrt 

Sa*^  at  i34o7'*"^>t'-  acid  it  becomes  picrotoxic  acid,  CisHi^O^  (B.  14>  R.  9"). 

^«'^^^*"n?'^•    'h  liiV »•'?»' ™^^t>"R  «*  170°,  [a]n  =  —  171.37*.  i»  the  active  principle  of 

salts  of     '^'^'*  into  *  *"  alkalies  to  salts  of  Santonic  Acid,  ^y^\^\  which  brest* 

'Homeric  Ro!!'?*^*'  *"^  santonin.     On  boiling  with  baryta-water  we  have  fonoed 


acid,  CjjU^O^,  which  melts  at  lyi®. 
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This  acid,  upon  further  oxidation,  yields  a  letracarboxylic  acid.     For  its  constitution 

lee  B.  29,  R.  1119.     Santonin  is  a  lactone.     It  bears  the  same  relation  to  santouic  and 

'  MDtoic  acids  as  coumarin  to  coumarinic  and  coumaric  acids.     Again,  it  contains  the 

;  kctXMie  group ;   its  phenylhydrazone  melts  at  220°.     When  santonin  is  reduced  with 

~"  hydfiodic  acid  or  with  stannous  chloride  and  hydrochloric  acid,  santous  acid^  ^'is^io^jt 

This  is  dextro-rotatory  and  melts  at  179°.     The  corresponding  Isevorotatory 

I  and  the  (d  -f-  l)-acid  are  known.     When  these  three  acids  are  fused  with 

!  potash,  propionic  acid,  dimethyl-/3-naphthol,  and  hydrogen  are  produced.    Hence 

'   it  would  seem  that  santonin  is  a  derivative  of  a  hexahydrodimethylnaphthaUne  (B.  27, 

5«0;  s8,  R.  392;  29,  R.  291,  296).     When  santonin  is  reduced  with  tin  and  hydro- 

Srihiik  acid,  not  only  santous  acid  is  formed,  but  also  a  hydrocarbon,  C|gHi,(CII,),- 

^    ^^H^,  boiling  at  248^,  which  probably  is  dimethylethyloctohydronaphthalene  (B.  28, 

^  k.  6aj). 

The  conversion  of  santonin  in  acetic  acid  solution,  in  sunlight,  into  photosantoic 
ackl,  C«H^O|,  and  in  alcoholic  solution  into  photosantoic  ethyl  ether  (B.  x8,  2859), 

NATURAL  DYES. 

The  important  natural  dyes,  indigo^  alizarin^  and  its  allies,  euxafithic 
acidt  gentisin^  etc.,  have  found  their  place  in  the  system  of  organic 
chemistry.  The  following  are  some  of  the  natural  dyes  which  have  not 
yet  been  investigated : 

Bimsilin,  Ci^Hi^Oj,  is  found  in  Brazil-wood  and  red- wood;  crystallizes  with  i^H,0 
in  white,  shining  needles,  and  dissolves  in  alkalies  with  a  carmine-red  color  on  exposure 
to  the  air.  Acids  then  precipitate  brasUelHy  C,(II|,05  f-  H,0,  from  the  solution.  The 
action  of  iodine  upon  brasilin  also  produces  this  compound.  It  regenerates  brasilin  by 
reduction.     When  distilled,  it  yields  resorcinol. 

Brasilin  forms  mono-,  di-,  tri-,  and  tetra-alkyl  ethers  (B.  27,  524;  R.  504;  29,  R. 
219). 

Hjematozylin,  C|fH||Of-|-3HfO»  the  coloring-matter  of  logwood  {Hccmatoxylon  Cam- 
fi€kianum\  is  very  soluole  in  water  and  alcohol,  and  crystallizes  in  yellowish  prisms 
having  a  sweet  taste.  It  dissolves  in  alkalies  with  a  violet-blue  color.  When  distilled 
or  fosed  with  potassium  hydroxide,  pyrogallic  acid  and  resorcinol  result  from  it.  If  the 
ammonium  hydroxide  solution  be  allowed  to  stand  exposed  to  the  air,  there  results 
lueniateln-aninionia,  C,,H,,(NH4)Of,  from  which  acetic  acid  precipitates  the  free 
luematin,  C,,H„CL  (at  120^),  a  reddish-brown  Ixxly,  which  has  metallic  lustre  after 
drying  (A.  ai6,  236).  It  yields  penta-ethyl-  and  penta-acetyl  ethers.  The  behavior  of 
bnisilin  and  hematoxylin  seems  to  point  to  relations  between  these  two  bodies  and  the 
xanthooe  and  fluorane  derivatives  (B.  22,  R.  558;  27,  R.  304;  29,  R.  219). 

Carthamin,  Cj^HigO,,  occurs  in  safflower,  the  blossoms  of  Carthamus  tinctorium^ 
and  is  precipitated  from  its  soda  solution  by  acetic  acid  as  a  dark  red  powder, 
which,  on  drying,  acquires  a  metallic  lustre.  It  dissolves  with  a  beautiful  red  color  in 
alcohol  and  the  alkalies.     It  yields  para-oxybenzoic  acid  with  caustic  potash  (A.  136, 

117). 

Curcumin,  Ci^Hi^O^,  the  coloring-matter  of  turmeric  root,  from  Curcuma  longa 
and  mridi/iora^  crystallizes  in  orange-yellow  prisms,  melts  at  177°,  and  dissolves  in  the 
alkalies  to  brownish-red  salts.  Ethyl  vanillic  acid  is  obtained  on  oxidizing  diethyl- 
cnrcnmio  with  potassium  permanganate  (B.  17,  R.  332). 

Loteolin,  Maclurin,  see  p.  228. 

Litmus,  see  p.  162. 

Usninic  Acid,  Lichen  Subsunces,  etc. — A.  295,  222 ;  B.  30,  357. 

Carminic  Acid,  Ci|H,|Of ,  is  found  in  cochineal,  from  Coccus  cacti  coccintlliferi^  an 
insect  peculiar  to  diflferent  cactus  varieties.  It  is  a  purple-red  mass,  dissolving  readily  in 
water  and  alcohol,  which  forms  red  salts  with  the  alkalies.  Boiling  nitric  acid  converts 
it  into  miif^coceU  acid  (p.  226).  Bromine  converts  carminic  acid  into  two  bromides,  a 
{fi\  and  a  tetrabromide  (a),  which  by  farther  decompoiUioiii  ^<c\<^  mcikyl- 
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I  to  two 


(» 


12; 


prolMblT  an  •' 

•■aaphthoqttiiioiic  (p.'405)  (B.  s8, 1647 ;  af  « *989)< 
Pntmimn  pemuphateoKMiies  the  cochiaid  d|»  t 
fay  thdr  ▼aiyiiig  lolttbiUty  in  water.    Tktf 
Bioiiiioc  ooovots  the  fint  into  tribnoMniOl 
npim^^  in  wool-dyeiiiff  foe  the  pradnotioB  ef  1 
dS^ihed  veiy  greed  J  dnoe  the  ditooff«7  of  te  nd  Mo-^^ 

Chloiophyl,Z^(;mii,  ocean  in  ell  te  giWB  perts  qT^aBtB  and  in  te  ch 
phy]gimnalet»  which  ehooontefaiwex  end  odMrnbileneee.  TheeQHi|KMitionofch 
phyl  hai  not  yet  been  ettebliihed.  There  apPMn  to  be  mom  irao  in  it.  See  A. 
81,  for  the  decompotttion  of  chlorophyl  with  dlodke  end  adds.  It  is  ntfaerienA 
that  chkrophyl  sabetences  yield  pyrrol  when  they  ere  dlitined  with  liac-dnst.  henoe 
appear  to  be  intimately  related  to  this  snbstaace.  TUs  obserfatioo  was  also  made ' 
the  blood  substances  (i,  58$).  The  hnnalopatphyiin  obtained  froon  the. latter  ah 
great  simihurity  in  absorption  sj^ectra  to  the  phyllopoipiiviin  from  chlofopind, 
there  seems  to  be  some  connection  in  tlie  cunitKatiott  of  Uood  and  vegfitafale  d 
(Rag.  1766;  R.415). 


1  vegetable  ^ci 


III.  HETEROCYCLIC  COMPOUNDS. 

The  carbocyclic  substances  treated  in  the  preceding  section  belong  to 
the  class  of  isocyclic  compounds  which  consist  of  rings  of  atoms  of  one 
and  the  same  element.  Apparently,  very  few  elements  are  adapted  to 
such  a  ring-formation.* 

However,  substances  are  known  in  great  number  and  complexity  which 
are  based  upon  ring-skeletons  consisting  of  atoms  of  various  elements. 
These  bodies  have  been  arranged  under  the  designation  ^^heterocyclic 
campaundsy  It  is  true  that  a  series  of  inorganic  bodies f  can  be  included 
in  this  category,  but  it  is  our  purpose  to  consider  only  the  "organo- 
inorganic" — i.  ^.,  those  ring-systems  the  members  of  which  are  formed 
from  carbon  in  union  with  other  elements,  most  important  of  which  are 
oxygen,  sulphur,  but  especially  nitrogen.  In  many  cases  sulphur  can  be 
replaced  by  selenium,  and  there  are  some  substances  known  in  which 
phosphorus  forms  a  ring  with  C-atoms.  J 

From  the  standpoint  of  organic  chemistry,  the  basal  element  of  these 
rings  is  carbon,  and  accordingly  the  members  not  produced  by  C-atoms 
are  designated  as  ^/^r^-a/^/f/x,  and  distinguished  as  mono-,  di-,  tri-,  tetra-, 
etc.,  hetero-atomic  rings,  depending  upon  whether  one,  two,  three,  four, 
or  more  hetero-atoms  have  participated  in  their  formation.  To  express 
the  number  of  atoms  constituting  the  entire  ring,  the  rings  are  termed 
three,  four,  five,  six,  dJid  poly-memdered  rings. 

Many  heterocyclic  compounds  have  been  discussed  in  the  preceding 
chapters — for  example,  the  cyclic  ethers  of  the  glycols  and  thiogly cols,  like 
ethylene  oxide,  diethylene  dioxide,  diethylene  disulphide ;  the  cyclic  alkyl- 
enimides,  like  tetramethyleneimide  or  pyrrolidine,  diethylenediimide,  or 
piperazine;  the  cyclic  esters  ofoxy-  and  amido-acids,  like  the  lactides,  the 
lactones,  the  lactams;  the  cyclic  derivatives  of  dibasic  car  boxy  lie  acids,  like 
anhydrides,  imides,  alkylen  esters,  alkylenamides,  etc.  (see  i,  313; 
ring-shaped  compounds).  These  bodies  attached  themselves,  as  their 
names  indicate,  naturally  to  known  classes  of  compounds  with  open 
chains.  They  can  be  readily  obtained  from  substances  with  open  chains 
and  be  equally  readily  changed  back  into  them.  In  the  succeeding  sections, 
however,  a  series  of  heterocyclic  bodies  will  be  descril)ed  which  manifest 

*  Nitrogen,  mainly,  in  addition  to  carbon.  The  allotropic  modifications  of  mxmy  ele- 
ments are  probably  induced  by  the  formation  of  isocyclic  rin(;s — e.g.,  that  of  oxygen  in 
oiOQe,  Oy,  and  that  of  salphnr  in  the  molecular  weight,  S,,  etc. 

t  See  Btichoff;  «  Handbuch  der  Stereochemie,"  p.  641. 

X  Finally,  rings  are  present  in  the  salts  of  dicarboxylic  acids,  sulphocarbonic  acids ^ 
disulphonic  acich,  glycols,  etc.,  containing  bi-  and  po\y^t\eiil  TMXsSki.     \^«Q!^T%  %x^ 
f onned  bj  the  meUi  tAomM, 
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varying  deportment  in  so  far  that  the  rings  upon  which  they  are  con- 
>iriicicd  can  not  Ikt  resi»lved  in  a  simple  way.  Such  rings  arc  ralher  nudci 
\o  which  derivatives  attach  themselves  which  are  related  to  the  fiindfr 
inciiial  substances,  the  same  as  the  aromatic  substances  are  related  to 
I»cn/.cnc.  Usually,  these  substances,  like  benzene,  contain  unsaturated 
unions. 

It  has,  therefore,  been  assumed  that  in  these  rings,  as  in  benzene,  there  is  aputicaUi 
Uintl  «if  linkage— ** potential  valences**  (see  p.  41  and  B.  24.  1761).  Ihe^e  cxpuio 
the  stability  of  tlicse  Uxlies.  If  the  potentJal  valences  are  dissolved  by  the  additioo  of 
h\ilr<)Ken  or  some  such  substance,  then  saturated  bodies  result;  these  pos»os  tbc 
*•  .ilic\clic  character  "  ^>ee  p.  iS),  and  so  far  as  their  dccomposability  is  oooccmed.  tbet 
in  the' main  exhibit  tlie  character  of  the  heterocyclic  substances  discussed  after  \htUaj 
hiKlies.  A  real  fundamental  difference,  however,  between  the  two  rings  jostdcscrAed 
<]oes  not  exi^t.  Com|K)unds  were  studied  in  connection  with  the  lactones  and  dibasic 
anhydiides  which  oAertd  great  resistance  to  decomposition  l)y  water  absorptioD,  dc 
^>^^'  t>  379  4^-f  4^5)-  ^n  the  other  hand,  there  are  many  bodies  in  which  polcntiil 
linka^i's  are  ossumi-d  which  are  very  easily  decomposed  by  certain  reagents— r.^.,P7n^ 
hy  hy(ln>xylamine  yielding;  succinaldehyde-dioxime  (i,  327),  and  glyojcaline  bjbeuofl 
liiluiidc  aud  sodium,  forming  dibenxoyldJamidocthylene,  etc. 

'Die  heterocyclic  rings  containing  five  and  six  members  are,  Hke  the 
analogous  carbcin  rings,  the  most  stable  and  important.  They  will  be 
iriaud  in  this  section.  The  tendency  to  the  formation  of  six-membered 
im-s  is  shown  also  in  the  [processes  oi  fiofymrn'ztj/ion ;  formaldehyde,  by 
ilio  ( «>aliii()nof  three  nu)lcciiles,  becomes  si  x-meni  bored  trioxymethylcne: 
a<iial(lchy(lc  l)C(oincs  the  six-membered  paraldehyde,  and  the  cyanogen 
(  impounds  polymerize  to  derivatives  of  a  six-membered  ring,  consisting 
«»r  ^  C-  and  -^  N-atonis,  etc.  (compare  also  the  aromatic  polymerizaiicn. 
p.  .|  ^).  Three-  and  foiir-mcmbered  rings  are  usually  formed  with  ex- 
iienie  (lifruiiliy,  and  are  easily  torn  asunder  (p.  443).  The  seven -mcni- 
IkkmI  rini^s  are  not  well  known,  and  are  also  unstable  (B.  27,  290::  28, 
K  75O).  Special  mention  may  be  made  of  sul>stances  like  diphmc  an- 
fiv.in'i/f  w\\{\  diMienifniiies  which  contain  seven -me  mitred  rings  (p.  341) 
linlividiial  conijuninds  are  known  in  which  heterocyclic  rings  are 
a>siinied  to  be  present  which  contain  eight  or  more  members. 

Ki^litiDcmherrd    rin^s    are    present    in  the  condensation  product   of  o,-diamidodi- 

CJLC=N  — C,H, 
plHuvl  and  l)cn/il  (U.  26,  1704):  1  ,  melting  at  238°.     Uponrcdcc 

tion  iliis  yield.-*  a  trtrahydto  i/<rn'z'ii/nr,  a  base,  melting  at  154®. 

Diphenhomazine  (p.  347),  ^V^<C(C  iV^— N-^^«^*«'  results  from  the  con 
<lcnsatlon  of  two  molecules  of  oamidobenzophenone ;  and,  finally,  the  cyclic  tikylen 
esters  cif  the  succinic  acid  series  (A.  280,  169)  ;  compare — 

Hydrazioxalyl,    ^Jq~  j^„~j^th  Z(io    ^^*  *^'  ^*  '^^'      ^*  "  probable  that 
a  13  mcmlicred  ring  is  present  in  cycloformazyl  formic  ester, 
,v.  .,     ,.     N.NHmrjf.  ..    ,., 

t  O^R    C;^  I  (p.  339),  and  a  sixteen-membered  ring  in  tetrtsalicylhlf 

(P-  225).  •    * 

Consideration  in  the  sense  of  A.  ▼.  Baeyer*s  strain  theory  (p.  19)  is  rendered difficoll 
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bf  the  Ttiying  nature  of  the  hetero-atoms  entering  into  the  composition  of  the  ring. 
31  Certain  facts  most  certainly  contribute  to  the  representation  of  the  spacial  relations  of 
r'l  wmuf  of  the  hetero-atoms.     Thiophene,  with  a  ring  of  four  CH-groups  and  one  S-atom, 


_.^niT  fleetly  resembles  benzene,  containing  six  CH-groups.    Thiazole,  consisting  of  three 
CH-gioope,  one  N-atom»  and  one  S-atom,  similarly  resembles  pyridine,  which  has  five 
^'j  CH-gRmps  and  one  N-atom.    It  would  therefore  seem  that  a  sulphur  atom  b  capable 
t    0Bi  fcpbdng  the  bivalent  group  — CH  =  CH —  in  the  ring : 


CH 


■L         JcH  Ch'v  JcH 


Benxene 


Thiophcne 


CH 


CH 


H 
Thiarole. 


It  is  an  almoet  nniversal  rule  that  an  N-atom  can  replace  a  methine  group  in  a  ring 
let  cansiDg  any  essential  loosening  of  the  ring-union.  If  we  suppose  a  methine 
>  in  benxene  to  be  replaced  by  N,  the  product  will  be  pyridine,  which  is  about  as 
i  e  ring  as  we  have  in  benzene.     And  if  the  methine  groups  in  pyrrol  be  successively 

inleced  by  one,  two,  and  three  N-atoms,  there  also  results  a  series  of  derivatives  in 

wnidi  ring-stability  is  very  evident : 


CH  =  CH'^  CH  =  CH^  N=CH^ 


NH 


CH  =  N 
I 


\ 


Pyrrol 


Pyraiole 


Pyrrodiazole 


n  =  n/ 

Tetrazole. 


NH. 


A  general  review  of  the  many  heterocyclic  ring  systems  can  be  ob- 
tained from  two  points  of  view.  Homologous  series  are  obtained  by 
arranging  together  the  rings  with  similar  hetero-atoms  according  to  the 
increasing  number  of  C-members.  The  following  series  of  rings  have 
been  deduced  in  this  way : 


(a)  Wfth  an  O-member. 


:c — c — c: 


Ethylene  Oxide 


H«C'^~  C  fi«'~~Cii  • 


Trimethylene  Oxide 


H.C — CH, — CH, — CH, 


Tetramethylene  Oxide 
H.C — CH, — CH, — CO 


Bntyrolactone 
OC— CH,— CH,— CO 

Succinic  Anhydride 
HCtst  CH— CH=r-CH 


H,C— CH,— CH,— CH,-CH, 


Pentamethylene  Oxide 
H,C— CH,— CH,— CH,— CO 


Valerolactone 
OC— CH,— CH,— CH,— CO 


Glutaric  Anhydride 
HC  =  CH — CO — CH  =  CH 


Pyrone 
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(b)  With  am  S-MiiiBnu 


^s-^ 


H,C— CH, 


[Ethylene 
Sulphide] 


;C— O-C; 


[Trimethylene 
Sulphide] 


COOR .  CH— CHg     CHg     CH.OOOH 

TctrahfdroUilofltaie^ieBitaqrlk 

CO — CBg— CRf— CO 


Sulplionicdiiyl 
CR  ^  CH— CH  =  GR 


TUopbcae 


CR=GB— -CR^— -C(CH)|= 
Methy^>eathiopheoe 


(c)  With  an  N- 


\N-^ 


:C — c — c: 


\NH-" 

[Ethyleneimide] 


DC  — CO 

Ozalimide 


-NH- — 
Trimethyleneimide 


CHj— CH,— CH^— CH, 

— ^NH- -"^^ 

Tetramethyleiieimide 
PyrroUdine 

CH, — CH, — CH, — CO 

■ NH-- — ^ 

Butyrolactam 

OC— CH,— CHg— CO 

^NH— 

Sucdnimide 

CH  =  CH — CH  =  CH 

-NH- 
Pyrrol 


CH,— CHg— CH,— CH,-CH 

-NH-— 

PeBUunethylenelmide 
Pipeiidine 

CH,— CH,— CH,— CH,  -CO 

■ NH 

Valerobu:Uni 

OC— CHg— CH,— CH,-CO 

-NH- ' 

GluUrimide 

CH— CH  = 


Complication  by  virtue  of  isomerides  arises  in  the  case  of  rings  having 
two  hetero-atoms.  These  isomerides  are  occasioned  by  the  varying 
];>ositions  of  the  hetero-atoms  with  reference  to  one  another — t*  g, :  * 


following  pangraphs  the  indindnal  ring-typet  are  repreiented  in  diagram 
to  save  apace.    The  Talences  remaining  free  in  tl 


•In  the 

1  the  case  of  the  different  aloma  after  the 
HoB-formation  are  indicated  by  dots,  and  the  most  important  oompoands  or  dassci  of 
vHiiids  are  arranged  under  the  various  rubrics  to  which  they  bekog. 
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Rings  with  Two  N-members. 


:c— N. 
1     1 

!C— N. 
Dimeihylaxietluuie 

yC— N. 

^C— N. 
Pyraxole  Group 

:  c— c— N  . 

1           1 
:C— C— N. 

Pyridazine  Group 

— 

.N— C: 

1      1 

:C— N. 

Ethidene  Urea, 

^N— C: 

Glyozaline  Group, 
Cyclic  Ureas 

:C— li— C! 

1            1 
:c— C— N: 

Pyrimidine  Group, 
Cyclic  Ureaa 

— 

— 

— 

:C— N— C: 

1            1 
:  C— N—c : 

Diethyleneniiiiiiide 

Rings  with  an  O-  and  an  N-membrr. 


P-Benxaldozinie  Ether 

:c— o 

1     1 
:C— N. 

Betalne 

yC—O 

'<         1 

^C— N 

Isozazole  Group 

:c— c— o 

1           1 
:c— c— N. 

Orthozaz'ine  Group 

— 

— 

yO— C: 
V—N. 

'l            1  ' 
:c— c— N. 

Metozazine  Group, 
Pentozazoline 

— 

— 

— 

C— 0— C 

i             1 
C— N— C 

Parozazine  Group 

The  three-  and  four-membered  systems  naturally  disappear  in  the  series 
of  rings  having  three  and  four  hetero-atoms.  The  branching  of  the 
series  in  consequence  of  position-isomerides  with  the  hetero-atoms  be- 
comes more  frequent,  so  that  the  relations  dependent  upon  homology 
frequently  become  obscure.  In  the  monohetero-atomic  rings  also  the 
homology  usually  appears  solely  in  the  case  of  the  saturated  (alicyclic) 
ring-systems,  whereas  the  more  important  unsaturated  systems,  with  more 
pronounced  aromatic  character,  show  at  times  very  varying  deportment^ 


L 


#*fM 


ithmS 
pc»  mto  jwOM^Kmuim  vitb  l^al  of 
pjiidiw.  le  icpre^Mtitivei  of  these  two  graa^ 

great  di&^c  Mtr  b^iwior. 

Keocc  tl  b  muT^  prmctiod  to  grottp  tike  ring  srstans  aorordmg  U>  ibe 
numbcf  of  membcfs  compo^ng  the  Hug*  lo  tJiis  m^*****^  cnlj  sj^em 
of  rin^  of  aprpnmmitelr  like  sotbilitj  will  come  ta^^AcFf  ^d  tbej  vill, 
thcrefoce,  Tcry  probably  ykid  siniilar  cicnrad^^cSw  HeiM^W  groiifiof 
tlirte  rings  will  be  aitacbcd  sodi  as  hmvc  foor,  6v^  six,  etc,  memboi 
Eorii  of  these  groops  will  have  subdirisions  iii  ^ccorduice  with  tbc  nmnber 
of  betetch atoms,  so  that,  for  example,  :n  ihe  groap  of  fiie-iaembcted 
betcTijcydic  rings  there  will  be  di^cijs5ea  first  ihe  monobetercKaiomic, 
then  tl>e  di-,  tJi>,  aod  tctrabetero^atotmc  s^-steoifi.  Tkismight  btoM 
grouping  ftccarditig  to  is^^gioms  serus  / 


TitaME-xi3cvEEii>  HrmocTcxjc  StrBrrAjeczs^ 


!C c; 


[CUirl 


\o/ 


-«• 


TliiaMoluiitine  Cp«  7i) 


Hydruj-conpCHtikdli 


( 


Fouft-MExaaaED  IIetcrocycijc  Sub^ahces. 


Trlnettay1«««  OvMe 


Ns/ 


Tbetine 


•  O— N— <:: 
Alkytideofr^^lcNireu 


Trioirlhf  leneiiB  ule 


DiawtiijkziethaM 


AlkyHdcoe  (Jrcw.   ^ 
Dfeyuiogai  CompooBdiO 
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Y-LacUmes.  Saoeinic 
Anhydride 


Sulpbosuccinyl 


Selenophene 


:  r— c — c— c : 

"^ — N^"^ 

J^rrol, 
y-Lactams,  Succinimide 


IsoxaxoU  Gfoop 


Cyclic  Ethers  and 
Eaten  of  Glycol,  Alde- 
hyde. Carbonic  Acid, 
and  Osulic  Add 


:C— C— N— C: 
OxaxoU  Group 


Isobensothiaxole 


:c— c— s — c: 


Ethidene  -ethylene 
Disolphide 


ThioKoUGto}!^ 


:0— C— N- 


Selenazole  Group 


-N- 


Fyragole  Group 


:  C— C— N — C : 

GlyoxaKne  Group, 
Cyclic  Ureas 


:  c— <: — N — N 


Diazo-ozidea 


:C— C— N— N 


Diazosnlphides 

.N— C— C — N. 

Piazthioles 

:  C— N— €— N . 
Axosalphlmea 


-N — N 


Diazoselenide 


.  N — C— C— N  . 

Piaselenoles 


^jryMtfoIr  GroBp 


Tkiodtaxoie  Group 


:  c — C — N— N 

Osotriazole  Group, 
Azimides 


:  C — N — N — C : 
Tri€uioU  Group 


Triasaolpholes 


!  C— N — ^N — H  . 

"~ N " 

TetrcucdUQ^oav 


•Ic 


;0    C    O    II    C; 


Ihiroxaxine  Group 


Thio-diglycolUc  Anhydride 


Azozazine  Derivatiyet 
:  c— N— c— C— N . 


Benzenylamidozime  Acetic 
Anhydride 


Polymeric  Aldehyde 


O— N— c— c—N  . 
Glyoxime-hyperoxide 


PartUkiaximt  Gnwp 


:C- 


-N— N. 


-S- 


Dimxthine  DeriTatlTCS 


Trithioaldehyde 


jyMii««i 


iyrmfO 


Ofhruumel 


VxapBU'TtiB. 


Polymeric  Cy«no| 


Os^Mnutmus,  i 
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indene,  naphthalene,  anthracene,  etc.,  are  derived  from  ben- 
lumerous  di-  and  polycyclic,  cond^ns^ii  nuclei  are  obtained  from 
)cyclic  rings  that  contain  adjacent  C-members.  This  is  possible 
t  that  the  two  adjacent  C-members  participate  also  in  the  forma- 
romatic  rings,  like  benzene,  naphthalene,  phenanthrene,  etc. 
idensed  nuclei  unite,  as  a  rule,  the  properties  of  the  carbocyclic 
c  of  the  heterocyclic  ring.  When  definite  names  are  not 
hem,  as  in  the  indol  and  quinoline  groups,  they  are  designated 
prefixes  benzo-  or  phen-,  dibenzo-  or  diphen-,  naphtho-,  etc., 
i  name  of  the  heterocyclic  ring. 

qaently  substances  having  such  condensed  nuclei  have  the  heterocyclic  ring 
A  are  Uien  changed  to  ortho-substitution  products  of  the  carbon  ring.  Again, 
rdic  ring  shows  itself  more  stable  toward  oxidizing  agents,  so  that  it  is  possi- 
ns  of  potassium  permanganate,  etc.,  to  oxidize  the  condensed  nuclei  with 
of  the  carbon  ring  and  the  production  of  ortho-dicarboxylic  acids  of  the 
rings.  Thus,  acridine  yields  quinoline  dicarboxylic  acid,  quinoline  a  pjrri- 
mylic  add,  benzoglyoxaline  a  glyoxaline-dicarboxylic  acid,  benzotriazole  a 
iibozylic  acid,  and  p!ienazone  a  pyridine  tetracarboxylic  acid,  etc. 

e  simple  and  condensed  heterocyclic  compounds  have,  as  a  rule, 
le  by  the  inner  condensation  of  suitable  fatty  or  fatty-aromatic 
ving  open  chains.  Very  often  the  intermediate  products,  lead- 
ly  to  the  ring,  cannot  be  fixed  because  of  their  great  inclination 
^-formation;  orthosubstitution  products  of  benzene  and  naphtha- 
38,  390)  are  especially  well  adapted  for  the  production  of  con- 
terocyclic  nuclei.  They  have  afforded  the  starting-out  material 
eparation  of  an  immense  number  of  substances  belonging  in  this 

leterocyclic  bodies  also  occur  in  technical  and  natural  products. 
i  and  important  family  of  vegetable  alkaloids  belongs  in  the 
pyridine  and  the  hydropyridines.  Pyridines  and  pyrrols  occur 
r  and  bone-tar.  TTiiophene  and  coumarone  are  also  present  in 
Fuffuroi  zxidi  other  derivatives  of  furfurane  have  been  found 
•  from  wood.  The  important  vegetable  dye,  indigo,  and  its 
lies,  arc  derivatives  of  indol.  Many  heterocyclic  bodies  pre- 
thetically  have  been  manufactured  upon  a  technical  scale,  be- 
hcir  coloring  and  therapeutic  properties.  This  is  true  of  the 
tparoxazineyparathiazine,2Si6,paradiazine'^tx\ts,  e,g.<,resorufin, 
blue,  toluylene  red,  sqfranine,  etc.;  the  dyes  of  the  thiazole-groupy 
>f  the  important  febrifuges,  like  antipyrine,  salipyrine,  tolypyrine, 
\  to  the  pyrazole-group,  and  piperazine  or  hexa-hydropyrazine, 


npare  KOhling,  "  StickstofThaltige  Orthocondensationsproducte,"  1893. 
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X.  THREE-MEMBERED    HETEROCYCLIC 
COMPOUNDS. 

As  a  rule,  bodies  of  this  class  manifest  '*  ring-strain  *'  to  a  greate 
gree  than  the  carbocyclic  substances  of  the  trimethylene  series.  17 
they  are  inclined,  in  consequence  of  a  rupture  of  the  ring,  to  ta 
additional  atoms  or  atom  groups.  Hence,  they  are  produced  only  i 
the  most  favorable  conditions,  and  many  compounds  which  formerlj 
regarded  as  based  upon  three-membered  heterocyclic  rings  have,  as 
suit  of  more  recent  study  and  investigation,  had  their  formulas  don 
or  have  been  discovered  to  be  still  higher  steps  in  polymerization ; 
pare  ethyUneimide^  glycoUde^  etc. 


A.  MONOHBTEROATOMIC  THRBB-MBMBBRBD  RINQS. 

H  Cv 

(ft)  Having  an  0*member:  Ethylene  Oxide,  ^ k)^'    Ihe  method  of  pre] 

this  componnd  and  its  properties  have  already  been  described  in  connection  with 
of  the  aliphatic  series  (i,  298).  It  exhibits  a  great  inclination  toward  a  rupture  > 
ring.  This  is  shown  by  the  fact  that  it  precipitates  the  hydroxides  from  solutions 
metals  with  the  simultaneous  formation  of  glycolacidylhydrins.  The  same  tende 
observed  with  the  substituted  ethylene  oxides,  like  tetramethyUthyltne  oxide  (l,  29c 
glycide  derivatives  (i,  476;  II,  256),  condensed  nuclei  containing  the  ring  of  etl 
oxide— ^.  g.^  tetrakydronaphthylene  oxide  (p.  413)  and  diketotetrahydronapht^ 
oxide  (p.  413),  etc. 

H  Cv 

(b)  Having  an  S-member:  Ethylene  Sulphide ^^\^%y  corresponding  to  etl 

oxide,  is  apparently  not  capable  of  exbting.     It  is  usually  its  polymerides  whii 
obtained :  (C2H4S)x  and  (C^H^S),  diethylene  disulphide  (l,  305) ;    compare    2 

Sulphide ^    ^    ^1  ^S  (p.  375).     See  also  the  addition  products  of  lulphur  with  etl 

and  acetylene  derivatives — B.  28,  1635  ;  30,  lio. 

H  Cv 

(c)  Having  an  N-member :  Ethylene  Imide^^v  ^NH,  also  appears  unstable.     I 

ene  diamine  hydrochloride  and  others  rather  yield  the  six-membered  ring  of  pipe: 


CO 


\t. 


(i,  314).  It  is  assumed  that  oxalimide,  I     ^NH  (i,436),as  wellasthe /ar/imf^/x, 

CLHjtCH  I C  'V 
benzoyl -amido-cinnamic  acid   lactimide,  1  ^NCOC^H^   (p.  271 

three-membered  ring  consisting  of  two  C-atoms  and  one  N-atom. 


B.  DIHETEROATOMIC  THREB-MBMBERBD  RINQS. 

Rings,  consisting  of  C,  N,  and  O,  are  assumed  to  be  present  in  the  nitrogen  ethi 

RN     V 

some  of  the  aldoximes — e.  g.^  the  n-alkyl  benzaldozimes,  ^«  y^  (P* 

which  are  resolved  by  acids  mlo  betvialdeh^de  and  n-alkylhydroxylamines.     The 
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iiDg ocean  in  different  polycyclic  subsUnces,— ^.  g, ,  the  isatogen  compounds,— such  as  isa- 

.CO— C.COOH 
togenic  acid,  C^H^^  yj^'^^K  (P*  ^^)»  ^*^  ^^  ^^®  products  obtained  by  reduc- 

NH— CCH, 
ing  addylated  o-nitranilines  with  anunonium  sulphide — e,  g. ,  C^H^^  v--"^  JL         (^^ 

benzlmide  azole),  etc    Compare  also  anthranil  and  antbroxan  aldehydes  (pp.  211,  250). 
Thtaldolaniline,  CH.N CH— CH(OH) .  CH„  contams  a  ring  consisting  of  C,  N, 

and  S.    The  same  may  be  observed  of  similarly  formed  compounds  (see  Usdbe's  green, 

p.  359). 

Uykrazi-  and  AzimethyUne-group  :  Substances  consisting  of  two  N-  and  one  C-atom 

are  much  better  known.      The  hydrazi-derivatives  belong  in  this  class.      They  are 

NH 
obtained  from  the  h3rpothetical  hydrazimethyUne^  NH-^^^>  (Curtius,  J.  pr.  Ch.  [2], 

44f  '^>  554)*     They  are  produced  in  the  action  of  hydrazine  upon  o-diketones  and 
a-ketone  carbioxylic  esters  (i,  328) — t.  g.^  benzil,  diacetyl,  pyroracemic  ester : 

/  NH 
Bcnzoylphenylhydrazimethylene,  C^H^ .  CO .  C(CjH5)^   1      ,  melts  with  decom- 

x  NH 
positioD  at  151®,  and  diphenyldihydrazimethylene, 

I  ^C(C^Hj)  .  C(C^H5)^  I      ,  melts  at  I47<>.     Carboxylic  Acids  of  this  result  from 

the  redaction  of  esters  of  the  diazo-fatty  acids : 
HNv 
Hydraziacetic  Acid,  „JLyCH  .  COOH  (i,  366), and  Hydrazi-propionic  Methyl 

Eater,      1  ^C(CH,) .  COOCH,,  melting  at  82<>.     The  potassium  salt  of  a  sulpho- 

hydrasiacetic  ester,     ^     1  ^CH  .CO,C,H^,  has  been  made  by  the  action  of  potas- 

KOgSN/ 
sinm  sulphite  upon  diazoacetic  ester  (6.  28,  1848). 

The  nydrazi-compounds  are  readily  changed  by  oxidation  to  the  azi -derivatives  con- 
taining two  atoms  less  of  hydrogen.     They  evolve  nitrogen  on  the  application  of  heat. 

C-H.N\ 
See  L  c.  for  other  rearrangements.     Benahydrazoin,      „  ir/^^'  •  Q^'s   (P-    -^^S)* 

formed  from  benzaldehyde  and  hydrazobenzene,  is  a  tri phenyl  hydrazimethylene. 

The  diazo-compounds  of  the  aliphatic  series  are  obtained  from  azimethylene  or 
diasomethane.  The  latter  is  produced  when  nitrosomethyl urethane  is  digested  with 
methyl  alcoholic  potash.  Compare  vol.  i,  206,  for  its  properties.  It  also  results  from 
the  reduction  of  methyl  nitramine  (l,  171 ;  B.  29,  961),  and  from  the  action  of  hydroxyl- 
amine  upon  methylchloramine  (i,  169;  B.  28,  1682). 

Diaso-acetic  ester  (i,  365),  diazopropionic  ester  (i,  371),  diazosuccinic  ester 

(i,  50ff),  and  diaaomethane  diaulphomc  acid,  ll  yC(S0,H)2  (i,  405),  are  derivatives 

ofdiazomethane. 
These  bodies  constitute  the  transition  to  the  isocyclic  ring  of  the  diazoimide  or  hydra- 

aoicacid,  l/NH. 
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a.  FOUR-MEMBERED    HETEROCYCLIC  SUB- 
STANCES. 

A.  MONOHETEROATOMIC  POUR-MBMBERED  RINGS. 

CH 
Trimethylene  Oxide,  Cn,<^jj«>0  (i,  299),  is  a  homologne  of  ethjlaie  wife 

Us  properties  are  not  well  known.     The  inner  anhydrides  of  certain  aromitic  B^ajai- 

:C  — CO  ^ 

boxylic  acids,  li-la^tones  of  the  common  formula     {^        1       (p.  254),  also  belong  in  tia 

class. 

Trimethylene  Imide,  CH,<^jj«>NH   (i,  314),   correspoDding   to  tiimtflijk* 

oxide,  is  produced,  together  with  ^methyl  pyridine,  on  heating  tnmethylcoe  " 
hydrochloride. 


B.    DIHETEROATOMIC  FOUR-MEMBERED  RINGS. 

1.  The  most  important  bodies  containing  four-membered  rings  with  two  adjacnt 
hetero-atoms  are  the  cyclic  salts^  showing  a  structure  analogous  to  that  of  betaine,  tben* 
fore  arranged  under  the  rubric  betatnfs.  All  carboxylic  acids  form  betaines  if  ibey 
contain  in  the  a-position  a  group  similar  to  ammonium  hydroxide.     Just  as  tiimetlijl- 

^;lya>coll  liydrochloride,  ClN(CHj),.  CH,.COOH,  yielcU  betaine,  ^^"'^*f  "  Jy?' » 

O  —  t.  U| 
pyridine  chloracetic  acid,  ClN(C5Hj)CH,  .  COOII,  forms  pyridine  betaine, 
(('  H,)N  — CH3  ^, 

I         I,       (see     this) ;    triphenylphosphine-chloracetic    acid,     CIP(C^HJ,CH,- 

//"«  tr  \  p CH 

CH K)H,  triphenylphosphorbetaine,  *    1  i    *  (B.  27,  273),  and  mcthjl-rtbyl 

sulphide-broraacetic  acid,  BrS(CH3)CH,  .  COOH,  yields  methyl  ethyl  thioUtaini,  mt^'^ 

(C1U(C,1L)S  —  CII, 
ethyl  thetine,  ^       ^^   *      ^  _  (^O    ^'' ^^^' 

N  =  C(CII.) 
Dimethylaziethane,     1^  ^         (i,   328),  produced    on    mixing  equimolcowr 

quantities  of  hydrazine  hydrate  and  diacetyl,  and  probably  also  hydrazulmin  vA 
azulmic  acid  (i,  437),  formed  by  the  interaction  of  ammonia  and  cyanogen,  coniain 
four  ineml>ere(l  rings  with  two  adjacent  N-atoms. 

2.  Tlie  cyclic  alkylidene-^  carbonyl-^  and  thio-carbonyl-ureas^  -thioureas j  and-if-i^ 
urrasy  contain  rings  with  alternating  C-  and  hetero-atoms: 

Methylene  Urea,  CO<^{j|>CH„   and  Methylene  Thiourea,  CS<^||>CHp 

are  obtained  by  the  action  of  chlormethyl  alcohol  upon  urea  and  thiourea  (M.  xa,  9°^^ 
ethidene  urea  and  -thiourea  are  similarly  formed  from  acetaldehyde ;  methylcne- 

diphenyl-V^thiourea,  C^H^N  :C<^.^  „  %>CH,.  from  diphenylthiourca  and  CH,1, 

(p.  87);  carbonyl-thiocarbanilide,  C^HjN  :C<^^^r]^>CO,  melting  at  87<»,  from 
diphenylthiourca  and  COCl,.  as  well  as  by  desulphurizing  tkiocarbonyl-thiocarbanflide, 
^e^'s  •  N  :  ^<N/c  H  V-^*^^'  melting  at  79®,  which  results  from  the  interaction  of  CSC1| 
and  diphenylurea  (Ij.  25,  1459). 
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3.  FIVE-MEMBERED  HETEROCYCLIC 
^  SUBSTANCES. 

A.  MONOHETEROATOMIC  FIVE-MEMBERED  RINGS. 

I 

Furfurane,  Thiophene  (Selenophene),  Pyrrol.* 

The  members  of  the  furfurane,  thiophene,  and  pyrrol  group  contain 
Ive-membered  monoheteroatomic  rings.  They  form  a  closely  allied 
iwnily  from  the  standpoint  of  methods  of  formation  and  chemical  be- 
hsrior.  The  parent  compounds  of  these  groups  contain,  in  the  ordinary 
■nae  of  the  term,  a  chain  of  four  CH-groups,  which  is  closed  as  a 
ibig  by  O,  S,  or  NH : 


CH  =  CH\ 

fcn  =  CH/ 

Fnrfnrane 


CH  =  CH\ 
in  =  CH/ 

Thiophene 


Pyrrol. 


The  parent  bodies  and  their  numerous  derivatives,  especially  the  thio- 
phenes,  manifest  a  great  and,  in  the  latter  instance,  a  very  remarkable  simi- 
■rity  to  benzene  and  its  compounds,  inasmuch  as  many  of  them  show 
the  reactions  peculiar  to  benzene  derivatives  in  contradistinction  to  the 
Cttty  substances. 

The  production  of  blue- violet  and  violet -red  dyes  in  the  action  of  isa- 
tm  (p.  258)  and  phenanthraquinone  with  sulphuric  acid  upon  furfur- 
ane,  pjrrrol,  and  thiophene  compounds  is  particularly  noteworthy. 

The  common  methods  of  fonning  furfurane,  thiophene,  and  pyrrol  derivatives  from 
>-4iketo-compoaiids  have  frequently  been  mentioned  after  the  description  of  the  latter 
bodws  (I,  318  ;  II,  250,  380) : 

Fmfunuies  result  by  the  elimination  of  water  from  the  ^'-diketones ; 
•    Fhoiphonis  sulphide  (PsS^)  converts  y-diketones  into  thiophenes ; 

^Rob  are  pcodaced  by  the  action  of  ammonia  or  primary  amines  upon  j^-diketones : 


CH,-COCH, 

in,— cocH, 

AceloBjrl  Acetone 


-HtO 


PiSt 


CH  =  C- 
CH  =  C- 


>o 


■^  \         >s 
CH  =  r 


NH> 


:C- 

CH  =  C- 


-^  I            >NH 
CH  =  C 


-CH, 

-CH, 
-CH, 

-CH, 
CH, 

CH, 


Dimethyl  Fnrfurane 
Dimethyl  Thiophene 
Dimethyl  Pyrrol. 


Here  the  ^'-diketones  react  similarly  to  the  ^-diolefine  glycols.  The 
farfiinnesy  the  thiophenes,  and  pyrrols  may  be  considered  as  the  cyclic 
anhydrides,  sulphides,  and  imides  of  the  latter.  Furfuranes,  thiophenes, 
and  pyrrols  are  also  obtained  by  distilling  mucic  and  isosaccharic  acids 
alone  or  with  BaS,  and  in  the  distillation  of  their  ammonium  salts. 


*GoBipwe  C  Fluly  "  Forfnrane,  Thiophene,  and  Pyrrol  Syntheaei;'  ^^&xibQix^,vV|;^ 
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These  syntheses  harmonize  with  the  accepted  structural  formulas 
furfurane,  pyrrol,  and  thiophene.  However,  experiments  upon  the  refi 
tive  power  of  thiophene  render  probable  the  presence  of  but  one  doi 
linkage  in  this  compound  (B.  20»  R.  103).  A  similar  result  was  ii 
catcd  by  the  heat  of  combustion  of  thiophene  (B.  x8, 1832).  Hence 
following  formulas  have  been  proposed  for  thiophene,  and  for  the  an: 
jgous  furfUranc  and  pyrrol : 

CH  — CHv  CH  — CHv  CH  — CHv 


CH 


-iu/^  ^H-ill/^  ^H^H/**"- 


Many  of  the  methods  employed  in  making  pyrrol  derivatives  and  the  ready  transil 
under  the  influence  of  oxidants,  of  all  three  groups  of  substances  into  derivatives 
maleic  acid  (see  pp.  450,  454,  458)  accord  very  well  with  these  fonnulas.  See  E 
1447,  1758,  lor  formulas  like 

To  distinfruish  the  possible  isomerides  the  replaceable  hydrogen  atoms  of  the  metb 
groups  in  furfuranc,  thiophene,  and  pyrrol  are  designated  by  numbers  or  letters,  asv 
benzene : 

a  1  fi  a 

CU  =CH\  CH  =  CH\ 

9  4  P^  a' 

The  po:»ition.s  i  and  4  arc  equal  in  value ;  also  2  and  3.  The  first  are  also  tern 
a  ,  the  latter  /?-positi(>ns.  It  is  obvious  that  the  mono-derivatives  of  furfurane,  tii 
phenc,  and  pyrrol  can  exist  in  two  isomeric  forms  (a-derivatives  and  /3-derivatives). 


I.  THE   FURFURANE  GROUP* 

Furfurane,  Furane,  C4H4O,  boiling  at  32**,  was  first  obtained 
distilling  barium  pyromiicate  (p.  451)  (Limpricht,  1870;  C.  1897, 
268) :  (ClisO .  CC),H  =  C4H4O  +  CO,).  It  is  present  in  the  distillatit 
products  of  pine  wood.  It  is  a  liquid,  insoluble  in  water,  and  has 
peculiar  odor.  Metallic  sodium  has  no  effect  upon  it,  nor  does  it  coi 
bine  with  phenylhydrazine.  It  yields  dye  substances  with  isatin  and  ph 
iKinthra(iuinone  (see  ai)ove).  It  reacts  very  violently  with  hydrochloi 
acid,  and  forms  a  brown  amorphous  substance  (like  pyrrol  red,  p.  457 
A  pine  shaving  moistened  with  hydrochloric  acid  assumes  a  green  col 
when  brought  in  contact  with  the  vapors  of  furfurane. 

Hrominatfd  derivatives  can  be  obtained  from  brom-pyromucic  acids,  or  by  the  din 
action  of  bromine  u{>on  furfurane.     Addition  products  result  from  an  excess  of  bromiix 

Sec  C.  1897,  I,  1023,  for  nitro-  and  amido-furfiirane. 

Methyl  Furfurane,  C4lI,(CH,)0,  is  in  all  probability  sylvan^  which  occms  in  pii 
tar  oil.     It  boils  at  630  ( B.  13,  879). 

a,a|- Dimethyl  Furfurane,  C4ll2(CH,),0,  is  formed  by  the  distillation  of  carbopTioli 
tartaric  acid  (p.  451),  and  has  been  synUiesized  from  acetonyl  acetone  upon  heating 
with  ZnCl,  or  Vfiy     It  boils  at  94**. 

*  Compare  **  Dai  ¥\ul\inn,  cX&.;*  ^itsci  K.  B«;i^ec^  1889. 
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E 

It  TCfenentes  acetonyl  acetone  when  it  is  heated  with  dilute  hydrochloric  acid  to 

f  CH     1 
a.       «^-Phenyl-methyl  Purfiiraney  C^H,  \r}i    >  O,  is  produced  from  acetophenone- 

S^twelOM  (B.  17,  915  and  2759).    It  melts  at  42°  and  boils  at  235-240<»  C.    Sodium,  in 
-.i^  «leoho1k  solution,  converts  it  into  a  tetrahydro-compound. 

Diphenyl  Furlurane,  melting  at  91^,  is  obtained  from  diphenacyl  (B.  23,  R.  743; 

.'  -  «•,  1447).     Triphenyl  Purfurane,  melting  at  93^,  is  formed  from  desylacetophenone 

■     (B.  ai,  2933  ;  a6, 61).    Tetraphenyl  Furfurane,  Lepidene  (H.  2a,  2880),  melting  at 

175*,  is  prodnced,  together  with  benzil,  when  benzoin  is  heated  with  hydrochloric  add 

.   Id  ijc/»  (p.  380). 

Futfuro-atilbene,  QHgO  —  CH  =  CH  —  C^HjO,  melting  at  101°,  is  the  stilbene 
:.  of  the  fiofurane  series.     It  results  upon  heating  polymeric  thiofurfurol  (B.  24,  3591). 

Fnrluryl  Alcohol,  C^HjO .  Cn,OH,  is  a  colorless  syrup,  which  is  colored  green  by 

■«  bfdiochloric  acid.     It  results  from  the  action  of  sodium  amalgam  and  acetic  acid  upon 

tf  lift  aldehyde  furfurol,  but  more  easily  by  treatment  with  aqueous  caustic  potash  (B.  zg, 

J    SI54).     Furfunme  carbozylic  acid  is  produced  at  the  same  time  (zC.H.O .  CHO  -|- 

H^  =  C.H,0.  CH,OH  +  C^HjO .  CO,H)  (B.  19.  2154). 

Purfuryl  Methyl  Ether,  (C^HjO) .  CH, .  O.  CH„  boils  at  134-1360  (B.  26,  R. 
959}. 

PuHurylamine,  C.HgO .  CH,  .  NH„  boiling  at  146^,  results  in  the  reduction  of  fur- 
faonitrile  (p.  450)  and  furfurol  hydnuEone  (see  below). 

a-Furfurol,  or  Furol,  CsHA  =  C4H3O  .  CHO,  boiling  at  162°,  with 
the  sp.  gr.  1. 163,  is  the  aldehyde  of  pyromucic  acid,  and  is  produced 
in  the  distillation  of  bran  (/urfur,  Fownes,  1849),  or  of  sugar  (Dober- 
einer,  1831),  and  wood,  as  well  as  most  carbohydrates  and  glucosides,  with 
dilute  sulphuric  acid.  When  present  in  even  the  merest  traces  it  can 
be  detected  by  the  red  coloration  given  by  aniline  or  xylidine  (B.  20, 
540- 

Forfnrol  is  produced  quantitatively  when  pentoses  like  arabinose,  etc.,  are  distilled  with 
hydrochloric  acid.  Various  analytical  methods  for  the  estimation  of  the  pentoses  are 
iMsed  on  this  fact  (l,  536)  (B.  28,  K.  629).  Glucuronic  acid,  when  heated  with  hydro- 
chloric acid,  breaks  down  into  furfurol,  water,  and  CO,  (B.  29,  K.  280). 

Forforol  is  a  colorless  liquid  with  an  aromatic  odor.  It  is  fairly  soluble  in  water  and 
very  soluble  in  alcohol.  It  becomes  brown  on  exposure  to  the  air,  and  shows  all  the 
praperties  of  an  aldehyde.  It  combines  with  bisulphites,  passes  into  furfuryl  alcohol 
BDOer  the  influence  of  sodium  amalgam,  and  is  changed  to  pyronmcic  acid  by  argentic 
oxide,  and  to  the  alcohol  and  acid  through  the  action  of  caustic  potash.  It  yields  fur- 
fntmldozime  with  hydroxylamine ;  this  melts  at  Sg^  and  boils  at  205^.  It  unites  similarly 
with  phenylhydrazine,  forming  a  hyJrazone^  melting  at  96°.  With  orthoformic  ester  it 
jieMs  the  acetal,  C4H.O .  CIUOCjHa)^  boiling  at  187-190°  (B.  29,  1008). 

Fnrthermore, furfurol manifeststf//M^ condensation  reactiomof  benzaldehyde^^^t  below). 
(1)  It  combines  with  dimethylaniline  to  form  a  green  dye-stuff,  corresponding  to  malachite 
green.  (2)  It  condenses  with  aldehydes  and  ketones  of  the  fatty  series  to  furfurane  alde- 
hjrdes  and  ketones  with  unsaturated  side -chains.  This  reaction  occurs  quite  readily  on 
digesting  with  dilute  caustic  soda  (B.  13, 2342).  Thus,  with  acetaldehyde  it  forms  Fur- 
far-acrolein,  CJI,0 .  CH  :  CH  .  CHO,  melting  at  51° ;  with  acetone,  Furfur-acetone, 
C4H1O .  CH  :  CH  .  CO .  CH, ;  with  acetophenone,  furfural-mono-  and  diacetophe- 
noiMt  and  Difuriural  Triacetophenone  (B.  29,2248).  (3)  Just  as  potassium  cyanide 
in  alcoholic  solution  changes  henzaldeyde  to  benzoin,  so  it  conrerts  furfurol  into 
ftnota,  C^HgO^,  melting  at  135*:  2C^H,0.  CHO  =  C^HgO.  CH(OH)  .CO  .C.H3O. 
Thii  is  in  ereiy  way  similar  to  benzoin.  FuroTn  is  oxidized  in  alkaline  solution  by  the 
oiygen  of  the  air  to  Puril,  C^H^O .  CO .  CO  .  C^HgO.  This  corresponds  to  benzil.  Tin 
and  hydrochloric  ackl  reduce  it  to  desoxyfuroTn,  (C4H,0)CH,  .  CO(C\H,0)  (B.  28,  K. 
992).  Fnril  digested  with  caustic  potash  becomes  furilic  acid,  (C4H30)3C(OI  I  jCOOH, 
II— J8 
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analogous  to  bensilic  acid.     Compare  B.  as,  2S43,  for  ^^  oondensatioo  products  oC 
furoTn  with  o-diamines. 

^4)  Furforane  acids,  with  unsaturated  side-chains,  are  produced,  in  the  condensation 
of  turfurol  and  fatty  acids,  on  heating  it  with  the  anhydndes  and  sodium  salts  of  the 
fatty  acids.  This  is  analogous  to  the  formation  of  cmnamic  add  from  benzaldehyde. 
Furfur-acrylic  acid  results  on  heating  furfurane  with  acetic  anhydride  and  sodium 
acetate: 

C^HjO .  CHO  +  CH, .  COjNa  =  C^H.O .  CH :  CH .  CO,Na  +  H,0. 

Furfur-acrylic  Acid,  C^H^O,,  melting  at  141^,  is  also  formed  from  furfurmalonu 
acidy  the  condensation  product  of  furfural  and  malonic  ester  (B.  24,  143 ;  27,  283). 
Furfur- acrylic  acid,  like  cinnamic  acid,  occurs  in  an  allotropic  moJificeUion  (B.  28,  129). 
The  acid,  when  heated  with  hydrochloric  acid,  has  its  ring  decomposed,  and  acetone 
diacetic  acid  results.     Sodium  amalgam  converts  it  into 

Furfur-propionic  Acid  (i),  C^HjO .  CH, .  CH, .  CO,H,  melting  at  51®.  Bromine- 
water  disrupts  the  furfurane  nng  in  this  compound,  and  the  product  \s  furon-aldehyde  (2), 
which  can  be  gradually  converted  step  by  step  into  furonic  acid  (3),  hydrofuronic  acid 
(4),  or  acetone  diacetic  acid  and  pimelic  acid  (5) : 

(I)  (2) 

CH=CH  CH.CHO  . 

I  >0  ^11  \    (3) 

CH  =  C~CH,.CH,.COOH      CH.CO.CH,.CH,.COOH  XCH.COOH 

(5)  (4)  y"^ 

CHj.COOH  CH,.COOH  /  CH.CO.CH,.CH,.COOH 

I  < 1  y^ 

CH,.CH,.CH,.CH,.COOH       CH,.CO.CH,.Cn,.COOH 

This  conversion  of  furfural  into  n -pimelic  acid  praves  that  the  aldehyde  group  is  in  the 
a-position. 

Furfur-angelic  Acid,  C^HjO .  CH :  C(CH,  .  CH,) .  COOH,  fram  furfural  and  butyric 
acid,  melts  at  88°,  and  passes  into  the  corresponding  Furfur-valeric  Acid  under  the  in- 
fluence of  sodium  amalgam. 

Furfurol  condenses  with  Ixvulinic  acid,  depending  upon  whether  alkaline  or  acid 
solvents  are  employed,  either  to  d-  or  ^- Furfurol -Isevulinic  acid,  C^HjO  .  CH  :  CH  .- 
C().CII,.CH,.COOH,  or  C\H,0 .  CH  :  C(CO .  CH,) .  CH,  COOH.  The  latter 
changes  readily  with  benzene  ring -formation  into  aceto-oxycumarane  (p.  462). 

(5)  Furfuramide,  (C5H^O)sN2,  melting  at  1 17^,  results  fram  the  action  of  aqueous  am- 
monia upon  furfurol  (same  as  hydrobenzamide  fram  benzaldehyde^  see  this). 

Boiling  water  decomposes  it  into  furfurol  and  ammonia.  If  boiled  with  KOH  it 
undergoes  a  transposition  into  the  isomeric  base,  Furfurin,  melting  at  1 16^  (compare 
glyox  alines). 

rt-Methyl  Furfurol,  C^H,(CHj)0 .  CHO,  boiling  at  184-186®,  occurs  together  with 
furfurol  in  wood  oil  (B.  22,  6k)8).  It  is  also  present  in  the  product  obtained  by  distilling 
varec  with  sulphuric  ncid.  When  rhamnose  (l,  530)  is  distilled  with  sulphuric  acid,  it 
results,  just  as  furfurol  is  obtained  from  arabinose  (B.  22,  R.  752). 

Carboxylic  Acids  of  Furfurane :  a- Furfurane -carboxylic  Acid 
(compare  C.  1897,  11,  268),  C4H3O .  CO,H,  pyromucic  acid,  melting  at 
134**  with  sublimation,  is  obtained  by  the  oxidation  of  furfurol,  and  in 
the  distillation  of  mucic  and  isosaccharic  acids  (p.  447) ;  it,  therefore, 
contains  the  carboxyl  group  in  the  a-position. 

History, — 5kheele,  in  1780,  observed  pyromucic  acid  as  a  product  of  the  distillation  of 
mucic  acid.  Pelouze  (1834)  determined  its  composition  and  ▼.  Baeyer  established  its 
constitutional  formula. 

Its  ethyi  ester,  C^HjO  .  CO, .  CjHj.  melts  at  34°  and  boils  at  210®  C.  Its  ehhnde, 
C^HgO.  COO ,  boils  at  1 70^ .     Ammonia  converts  this  into  an  amide^  Cflfi .  CO .  NHp 
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which  is  changed  \dX.o  furfur y I  nit rih,  C^H30.  C^N,  by  PClj.  The  nitrile  can  also  W 
obtained  from  furfuraldoxime  by  the  exit  of  water.  See  C.  1897,  I,  1024,  for  the  hydru- 
zidfy  azide,  etc. 

Bromine  vapor  converts  pyromucic  acid  into  a  tetrabrotnide^  C^HjOBr. .  CO^H,  which 
is  oxidized  to  dibromsuccinic  acid  by  chromic  acid.  Fumaric  acid  results  on  evaporat- 
ing pjrromudc  add  with  bromine  water.  An  excess  of  bromine  or  chlorine  water  pro- 
duces mucobromic  acid  and  mncochloric  acid  (i,  365). 

a-Brom-pjrromucic  Acid,  QHiBrO .  CO,H,  is  formed  by  heating  the  tetrabromide, 
and  by  brominating  pyromacic  acid  in  glacial  acetic  acid  solution.  It  melts  at  184^  (B. 
19,  R.  241).  /3-Broinp3nomucic  Acid,  from  the  two  dibrompyromucic  acids  and  zinc, 
melts  at  129^  (B.  17,  1 759). 

Nitxopjrromucic  Acid,  C4H,(NO,)0 .  CO,H,  melting  at  183^,  is  formed  by  nitrat- 
ing furfoimne  dicarboxylic  acid  and  by  oxidizing  nitroethylene-nitrofurfurane  (B.  z8, 
"362). 

a,a|- Purfuimne  Dicarbozylic  Acid,  C4H,0(CO,H),,  dehydromuHc  add^  is  produced 
by  heating  macic  acid  to  100^  with  hydrochloric  acid.  It  dissolves  with  dimculty  in 
water,  and  when  heated  breaks  down  into  carbon  dioxide  and  pyromucic  acid. 

Homaiogtms  furfurane-carbaxylic  (uids  can  be  obtained  synthetically  from  }^-diketone 
carboxylic  esters  by  the  exit  of  water. 

Metbylpyromucic  Acid,  C4H,(CH,)0 .  COOH,  melting  at  109^,  obtained  from 
methyl  forfurol  (B.  aa,  608),  b  decomposed  by  bromine  water  into  acetoacrylic  acid 
(1,  382)  (B.  23,452). 

oA-Dimethyl  Furfiirane-/9-c«rbozylic  Acid,  Pyrotritartaric  Acid,  ^({(CH,),- 
O.CO,H  (B.  20,  1074),  Uvtnic  Acid,  melting  at  135^  C,  may  be  obtained  (i) 
from  acetonyl  acetoacetic  ester ;  (2)  from  carbopyrotritartaric  acid  and  from  methronic 
acid  by  the  splitting-off  of  carbon  dioxide ;  (3^  from  tartaric  acid  by  distillation ;  (4) 
from  pyroracemic  acid  by  protracted  boiling  with  baryta-water  or  sodium  acetate,  etc. 

When  heated  to  150-160^  with  steam  it  breaks  up  into  carbon  dioxide  and  acetonyl ' 
acetone.     Rapidly  distilled,  it  decomposes  into  carbon  dioxide  and  dimethyl  furfurane. 

a,^,-Diinetbylftirftirane-/9-carbozylic  Acid,  melting  at  122°,  is  isomeric  with  pyro- 
tritaitaric  add.     It  is  formed  from  bromisodehydracetic  acid  (B.  26,  755) : 

CHj.C— O CO  CHj.C— O— CH 

COOH .  i— C(CH,)  =  (!:Br  ^COOH .  C C(CH,) 

Bromiaodehydracctic  Acid  Dimethylfurfurane  Carboxylic  Acid. 

(Compare  the  fonnation  of  coomarones  from  comnarine  dibromides,  p.  462.) 

a,aj-Methylphenyllarfurane-/9-carbozylic  Acid,  C^H  (  p  i|  )  O.CO,H,  from  aceto- 

phenoo-acetoacetic  ester,  melts  at  181^,  and  when  heated  breaks  down  into  CO,  and 
methylphenyl-furfurane  (B.  17,  2764). 

a,a,-Dimethylfurfurane-j9,j9|-dicarbozylic  Acid,C4(CH,),0(C0,H)„  carbopyro- 
tritartaric acid,  melting  at  261^,  results  upon  boiling  diacetsuccinic  ester  with  dilute  sul- 
famic acid  rKnorr,  B.  17,  2864;  22,  146).  Consult  B.  27,  1158,  upon  isocarbopyrotri- 
iartaric  acta,  Carbopyrotritartaric  acid  at  higher  temperatures  breaks  up  into  carbon 
dioxide  and  pyrotritartaric  acid. 

ICethronic  Acid,  QHgO^,  is  isomeric  with  carbopyrotritartaric  acid.  It  is  produced  by 
digesting  acetoacetic  ester  with  sodium  sucdnate  and  acetic  anhydride  (B.  x8,  3410). 
By  similar  action  acetoacetic  ester  and  pyrotartaric  acid  yield  methyl  methronic  acid. 
Methrooic  acid  melt's  at  204^. 

It  is  also  produced,  together  with  sylvan-acetic  acid,  poorer  in  CO,  (B  2Z,  R.  636), 
by  the  condensation  of  acetoacetic  ester  with  glyoxal.  Because  of  this  method  of 
formation,  and  also  by  virtue  of  its  passage  to  pyrotritartaric  acid,  methronic  acid  has  been 
ascribed  the  formula  of  a  methyl-furfurane-acetic  carboxylic  acid,  C4lIO(CH,)(CH,  .- 
COOH^COOH  (B.  aa,  152).    Compare  A.  250,  166,  for  another  view  of  its  constitution. 

Hyarofurfuranes  :  But  few  hydrofurfurane  derivatives  have  been  obtained  by  the  re- 
doctioQ  of  Ivrfiiranes— ^.  ^.,  tetrahydro-a^aymcthyl-phenyl-furfurane^  C4H,(CHg)(C^- 
Hg)0,  boiling  at  250^,  from  methyl-phenyl  nirforane  (p.  449),  tetrakydrodiphcnyl  fur- 
/mrtuu  (8.13,  R-  744).  etc. 
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Dihydrofurfurane,  C^Ufi,  boOing  at  67^,  may  be  prepwed  STothetiaJly  by  ledad 
efythrol.     PCI.  converts  it  into  farfunne  (Bnll.  soc.  chim.  35,  4x8). 

a-Methyldihydrofurfurane,  C4H^(CH,)Oy  is  obtained   from   acetopropyl  aloo) 
(I,  318,  and  B.  ai,  1196).     Additional  dihydrofurfofmne  compoonds  bave  been  pi 
pared  synthetically  from  a-cblorcrotonic  ester  and  cblorfiimafic  ester  l^  coodensati 
with  sodacetoacetic  ester  and  sodium  benzoyl  acetic  ester  (B.  29,  R.  859). 
CH,  — CH,v. 

Tetramethylene  oxide,  1  ^      rwV/^'  *"*^  '^  bomologues  (1,  299)  are  tetrahydi 

*  CH,— CX)  V 

furfuranes ;  the  /lactones — e,  ^.,  butyrolactone,  1  ^O  (l,  345)— and  the  ■ 

CH,--COv     * 
hydrides  of  the  succinic  acid  series — #.  j'.,  1  rr\y^  ('»  447)f^te. — areketo-u 

CO  — CH,v 
diketotetrahydrofurfaranes.     Tetronic  i^d,  1  ^O  (1,482),  and  its  homologa 

CH|  —  CO/ 
are  metameric  with  the  latter. 


2.  THIOPHENE  GROUP.* 

Thiophene,  C4H4S,  an  analogue  in  constitution  of  furfurane,  C4H4O 
exhibits  the  greatest  similarity  to  benzene.  It  may  be  viewed  as  benzene 
in  which  one  of  the  three  acetylene  groups,  CH :  CH,  has  been  replaced  b 
S.  By  the  replacement  of  the  4-H  atoms  in  thiophene  by  other  element 
or  groups  we  obtain  innumerable  derivatives,  in  all  respects  analogous  t< 
those  derived  from  benzene.  All  thiophene  compounds  give  an  intens 
blue  coloration — the  indophenin  reaction,  B.  16,  1473 — when  mixed  will 
a  little  isatin  and  concentrated  sulphuric  acid. 

History, — Thiophene,  as  well  as  the  methylated  thiophenes,  are  invariably  associalet 
with  the  benzene  hydrocarbons  which  are  prepared  technically  from  coal-tar.  There 
fore,  l>efore  thiophene  was  discovered,  the  indophenin  reaction  was  considered  as  cbarac 
teristic  of  Iwizene  hydrocarbons.  V.  Meyer  (1883)  observed  an  absence  of  thisreactioi 
when  working  with  a  benzene  preparation  made  from  benzoic  acid,  and  that  it  reappears 
when  commercial  benzene  containing  sulphur  was  employed  in  the  test  Tliis  led  to  th< 
discovery  of  thiophene.  The  same  investigator  ascertained  the  constitution  of  the  latte 
and  its  kinship  to  furfurane  and  pyrrol.  Thionessal,  discovered  by  Laurent  in  i84i,isi 
thiophene  derivative,  but  it  was  only  in  1891  that  Baumann  and  Fromm  proved  ittobi 
tetraphenylthiophene. 

The  synthetic  methods  of  producing  thiophene  compounds  from  7-dicarbonyl  dcriva 
tives  have  been  discussed  (1,  318  ;  II,  447).  The  more  special  procedures  are  the  read) 
conversion  of  > -ketone  acids  into  oxythiophenes  by  means  of  PjSj,  and  thiophenesresuli 
when  the  primary  oxythiophenes  are  reduced  with  P,S,  (B.  zg,  551 ;    23,  1495) : 

CH,— CO— CH,                        CH  =  C .  CH.  CH  =  C .  CH, 

I  ^1  >o    ^\  >S 

CH,— COOH  CH  =  C .  OH  CH  =  CH 

Laevulinic  Acid  i^-Oxythiotolene  x- or  o-Thiotolene. 

Thiophene,  QH4S,  boiling  at  84*",  with  sp.  gr.  1.062  (23%  occurs 
in  coal-tar  (B.  28,  492),  just  as  do  the  methyl  thiophenes;  indeed,  the 
individual  thiophenes  are  present  (to  upward  of  0.6  per  cent.)  in  the 
corresponding  commercial  benzene  hydrocarbons,  as  they  have  the  same 

♦V.  Meyer, «*DieThiophengruppe,'*  1888. 
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boiling  points.  Thiophene  is  found  in  benzene,  methyl  thiophenes  in 
toluenCy  etc.  Thiophene  is  also  formed  in  considerable  abundance  by 
Ideating  a  mixture  of  sodium  succinate  and  phosphorus  trisulphide  (Vol- 
kaid  and  Erdmann,  B.  x8,  454)  : 


CH,— COONa 


I 


CH  =  CH. 

->-l  >S. 

CH  =  CH^ 


CH,— COONm 

Thiophene  also  results  apon  heating  crotonic  acid,  butyric  acid,  paraldehyde,  etc., 
with  phosphorus  trisulphide  :  by  conducting  ethyl  sulphide  through  tubes  heated  to  red- 
acflB  or  passing  illuminating  gas  over  heated  pyrite,  FeS,,  and  acetylene  or  ethylene  over 
boiling  lulphur. 

UnMtonUed  benzenes,  when  heated  with  sulphur,  yield  phenylated  thiophenes.  Thus, 
fltyiol  fonns  diphenylthiophene ;  stilbene,  tetraphenylthiophene ;  and  acetylene  dicar- 
boosylic  acid,  thiophene  tetracarboxylic  acid  (B.  28, 1635;  30,  no).  Thiophene  is  ob- 
laisMd  lirom  crude  benzene  by  shaking  it  with  a  little  concentrated  sulphuric  acid  (4-10 
percent)  (B.  17,792). 

Thiophene  is  a  colorless  liquid,  with  an  odor  resembling  that  of  benzene.  It  becomes 
crjatftlline  when  exposed  to  a  mixture  of  solid  carbon  dioxide  and  ether.  Sodium  has 
BO  cfiect  upon  it,  even  when  it  is  heated.  Mixed  with  a  little  sulphuric  acid  and  isatin  it 
becomca  dark  blue  in  color.  The  same  occurs  when  its  solution  in  sulphuric  acid  is 
added  to  phenanthraquinone  in  glacial  acetic  acid  (reaction  of  Laubenheimer,  B.  zg. 

It  is  remarkable  that  thiophene,  which  from  its  formula  cannot  be  regarded  as  a 
CfdiCf  unsaturated  alkyl  sulphide,  does  not  exhibit  the  additive  power  of  normal  alkyl 
—iphidea  for  methyl  k>dide,  oxygen,  etc.  When  thiophene  is  heated  to  200^  with 
nperidine,  sulphur  is  eliminated  and  a  base  produced  which  yields  tetramethyUnedipiper- 
iJime^  C^H,^(CH,)4NC,H,o,  upon  reduction  (B.  28,  2217). 

Thu  very  striking  analogy  existing  between  bodies  of  the  thiophene  series  and  the 
iwRMtfw^  aeries  may  be  observed  with  the  following  representatives  of  both  grou{)s,  the  boil- 
ing and  melting  points  of  which  compounds  are  presented  in  the  table.  The  benzene 
derivatives  have  already  been  discussed ;  those  of  thiophene  will  receive  attention  in 
the  sncceeding  pages : 


Benzene  Series. 


B.P. 


Thiophknb  Series. 


B.  P. 


Bcniene  (p.  47). 80.5* 

Toluene  (p.  53), 1103* 

p.Xy1ene  (p.  54), 138** 

Iiopropyl  Benzene  (p.  55),  ....  153** 

I)iphenyl(p.35) 2540 

Uiphenyl  Methane  (p.  342),     .   .    .  26i<' 

Chlorbenzene  (p.  58), 132® 

p.Dich1orbenzene  (p.  58),    .   .    .    .  I72<> 

Brombenzene  (p.  59), I5S^ 

Tetrabrombenaene  (p  59),    ....  329® 
u-Uinitrobenzene  (p.  67),      ....  299® 

benzoic  Acid  (p.  193) 250^ 

Benzonitrile  (p.  202J, 191° 

Aoetoplienone  (p.  189),     ....      202^' 

Benzo^enone  (p.  345), 307® 

Cinnamic  Acid  (p.  274),   .    .    m.  p.  133^ 


Thiophene, %^ 

Thiotolene, 113® 

1 ,4-Thioxene, 135** 

Isopropyl  lliiophene, 154° 

Dilhi€nyl, 266° 

DithiSnyl  Methane, 267** 

a-Chlorthiophene, 130° 

Dichlorthiophene,      170** 

a-Brom  thiophene, 150° 

Tetrabromthiophene 326** 

Dinitrothiophene, 290** 

a-Thiophene  Carboxylic  Acid,     .    .  260® 

Thiophen-nitrile 190® 

AcetothiSnone, 213^ 

llii€none, 326® 

Thiinyl  Acrylic  Acid,  .    .    .    m.  p.  138** 


1.  Thiophene  Hom^ogues, — Homologous  thiophenes,  in  addition  to  their  synthetic 
fonnatioo  from  y-dicarbonyl  compounds,  are  prepared  from  thiophene  according  to  methods 
perfectly  similar  to  those  used  in  the  production  of  the  corresponding  benzene  hydrocar- 
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4.  Awndo-^erivairues :  Nitrothioi)hene  is  reduced  with  much  more  difficulty  than  the 
rilrabeDzenes.  The  reduction  succeeds  when  zinc  and  hydrochloric  acid  are  allowed 
Id  act  apoo  the  dilute  alcoholic  solution  (13.  18,  1490). 

Amidothiophene,  Thiophenin,  €411,8.  NH,,  is  a  bright  yellow  oil.  It  resinifies 
tm  espcMure  to  the  air.  Its  HCI-salt  consists  of  deliquescent  needles.  It  does  not  yield 
A  dbaCMlerivative.  It  combines  with  salts  of  diazobenzene,  forming  stable,  mixed  azo- 
■       nflb— tf.  J'. ,  C,H. .  N :  N  —  CH,S  .  NH,  .  HCl  (B.  18,  2316). 

Sulpkonic  Acids  :  Like  the  benzene  sulphonic  acids,  the  thiophene  sulpho-deriva- 
are  produced  by  dissolving  thiophene  in  sulphuric  acid.  In  this  reaction  the 
De  must  be  diluted  with  petroleum  ether,  benzene,  or  some  other  agent.  They 
» be  prepared  from  the  thionyl-ketones  by  displacing  the  ketone  groups  by  sulpho- 
((B.  19,  674,  1620,  2623;  29,  2562). 

6l  Oxytkiophenes :  Ozythiophene  is  not  known.  a-Oxy-aj-methylthiophene, 
Oagrthiotolene,  C4H,(ClI,)S.OII,  is  synthetically  prepared  from  laevulinic  acid. 
•-ThiCnylaulphydrate,  C4H,S .  SH,  is  prepared  by  reducing  athiophene-sulphonic 
diloffide,  CH,S .  SO,Q.  It  is  present  in  the  crude  thiophene  product  obtained  by  dis- 
tOling  snccmic  acid  with  P^Sj.     It  boils  about  i66<>. 

7.  Aldehydes  and  Ketones  :  a-Thiophenaldehyde,  €411,8 .  CHO,  results  from  the 
diilination  of  thiCnylglyoxylic  acid.  It  boils  at  198^.  See  B.  24,  47 ;  25,  2588,  for  the 
thiophene  aldoximes. 

If  oxidized,  even  in  the  air,  it  forms  a-thiophenic  acid.  Aqueous  caustic  potash  con- 
mU  it  into  thiophenic  acid  and  thiophene  alcohol :  2C4H,8.  CHO  -f  KOil  =  C4II,- 
8.  COK  4-  C4H,S .  CH. .  OH. 

a-Thioiihene  Alcohol  is  an  aromatic  liquid,  boiling  at  207°. 

Hiiophene  aldehyde  condenses  with  sodium  acetate  and  acetic  anhydride  to  Thienyl 
ArryUe  Acid^  C^H^S .  CH :  CH  .  COOH,  melting  at  118°.  This  acid  corresponds  to 
dnnunic  acid. 

Hie  ketone  derivatires  of  thiophene  are  obtained  very  easily  by  the  action  of  acid 
dilorides  upon  thiophene  in  the  presence  of  aluminium  chloride. 

a-ThiCnyl-methyl  Ketone,  €411,8.  €0  .  €H,,  Acelothienone,  is  an  oil,  l>oiling  at 
213^.  If  it  be  oxicUzed  with  permanganate,  it  hrst  forms  Thienyl-glyoxylic  Acid, 
C^H^S .  CO .  €0,H,  melting  at  91°,  and  then  a-thiophenic  acid. 

Compare  B.  24,  232,  R.  627,  952,  for  the  condensation  products  of  acetothienone 
with  oxalic  ester.  DithiSnyl  Ketone,  Thi?none,  CO(C4H3S)„  melting  at  88°  and 
boiling  at  326^,  is  obtained  from  thiophene  and  COCl,.  Thienyl  Phenyl  Ketone, 
€4!!^. CO .  CfH^ melting  at  55°  and  boiling  at  360^*,  results  from  thiophene,  benzoyl 
chloride,  and  Al,€lg. 

See  B.  a8, 1804,  for  the  brominated  thiophene  ketones. 


8.  THIOPHENE  CARBOXYLIC  ACIDS. 

Thiophene  carboxylic  acids  are  formed  by  methods  which  arc  perfectly  analogous  to 
those  employed  in  the  preparation  of  the  aromatic  acids : 

(1)  By  the  oxidation  of  the  alkyl  thiophenes  with  a  solution  of  alkaline  potassium 
permanganate,  a- Ethyl -thiophene  first  yields  thienyl  glyoxylic  acid,  but  this  changes 
to  thiophenic  acid. 

(2)  By  the  action  of  chlor- carbonic  ester  and  sodium  amalgam  upon  iod-  or  brom- 
thiophene,  or  by  the  interaction  of  the  same  reagent  and  thiophene,  or  the  latter,  urea 
chloride,  and  A1,C1^. 

a-Thiophene  Caxbozylic  Acid,  €4H|8 .  €0,II,  melting  at  126^  and  boiling  at  260^, 
it  also  formed  upon  heating  mucic  acid  with  barium  sulphide  (p.  447). 

Its  niirile^  €411,8.  €N,  is  produced  when  a>thiophene  sulphonic  acid  is  distilled,  or 
by  the  elimination  of  water  from  thiophene  aldoxime  (U.  25,  131 1). 

/9-Thiophene  Carboxylic  Acid  is  produced  when  /?•  methyl  thiophene  is  oxidized. 
It  melts  at  136^. 

(l,2)-Thioph€ne  Dicarbozylic  Acid,  €411,8 .  (CO^II),,  melu  at  260**  with  de- 
composition.    Like  phthalic  acid,  it  forms  a  Jluorescdn  with  resorcinol. 


4S6 

iltio— 


TttMbydio-thloplMM 


pUhiOic  addt  (a  19»  3^4)  la  iti  cntin 

ThIophMM  T«mcttrboqrlie  MsUijfI 
dtelned  when  muijVmt  dioKbn  jlk  m^kyl 
•  iMledtabe  (B.  A  1635).  ^  ^^ 

CH C CH 

C.  menibecB  in  oonnMXi.    It  boib  at  2Sts^' 


They  contain  an  atom  of  aekninm  for  nlplmr.     fJnlwiophwia,  1     ^  rg/^ 

has  not  yet  been  pmared  in  a  paie  ooodidoii.     It  jgiobdUy  ii  fbnned 
ted  tnrough    -     -        -  - 


etbide  is  conducted  through  tubes  heated  to  redneia  (B.  it,  177a). 

a,a,-Diniethyl  SelaiiophMM,  Satenoamie,  C4H,(CH,),Se,  boOinf  at  iSJ-QfJ 
produced  wlien  acetonylacetone   is  heated  with  phoaphoius  lelenide  (B.  "  "^ 
Isatin  and  sulphuric  acid  color  it  a  cannhie-red.     It  nlao  ihows  the  ' 
reaftiam  (p.  453). 


4.  PYRROL  GROUP.* 

In  P3nrrol,  CAN,  there  is  a  fonr-membered  carbon  dudn  united  |t>^ 
ring  by  the  bivalent  imide  group.  It  is,  therefore,  a  secoDdaiyamii^ 
and,  like  its  derivatives,  possesses  a  feeble  basic  nature,  as  it  diaohs 
in  dilute  acids.  The  pyrrol  bodies,  on  the  other  hand,  shov  gittf 
similarity  in  their  behavior  to  the  phenols;  the  imide  hydrogen  can  be 
easily  replaced  by  potassium.  The  great  reactivity  of  the  mcthiK 
hydrogen  in  pyrrol  is  quite  remarkable.  It  can  be  as  readily,  and  in 
some  instances  more  easily,  replaced  than  the  imide  hydrogen  by  the  most 
different  groups  and  atoms.  The  constitution  of  pyrrol  and  its  relations 
to  furfurane  and  thiophene  are  deduced  from  its  analogous  syntheses  from 
the  /'-dicarbonyl  compounds. 

A  rather  remarkable  occurrence  is  the  reversal  of  these  syntheses — f .  ^.,  tbe  decoBIKia- 
tion  of  the  pyrrol  ring  with  elimination  of  the  imide  group.  Thb  b  induced  bytk 
action  of  hydroxylamine.  Dioximes  are  thus  produced.  Thus,  pyrrol  yields 
aldoxime  (B.  22,  1968): 

CH  =  CH  V  CH, .  CH  :  N .  OH 

iH  =  CH>«  +  ^««^-««=(!:H..CH:N.OH+'™- 


The  homologous  pyrrols — <*.  ^.,  a-metbyl  pyrrol,  j9-isopropyl,  etc.- 
This  decomposition  can  be  applied  in  determining  the  position  of  the  snbstituents  ia  tke 
homologous  pyrrols,  as  the  aalkyl  pyrrols  yield  the  oximes  of  ketones,  while  aklosiBS 
are  obtained  from  tbe  /?-substituents.  These  can  be  readily  converted  into  dibasic  iddi 
(B.  24.  R.  649,  830). 

The  positions  of  substituents  in  the  methine  groups  of  pyrrols  are  indicated,  «  «>■ 
furfurane  and  thiophene,  by  means  of  numbers,  I,  a,  3,  4,  etc., or  letters,  a,  a,»  P,h 
etc.  (compare  448). 

Tbe  derivatives  obuined  by  replacement  of  the  inude  hydrogen  atom  are  lenned  «• 
(or  A^-)  derivatives  to  distinguish  them  from  the  C-compounds. 

•Ciamician,  «<  II  Pirrolo  ed  i  snot  derivaU,"  Room,  1888. 
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Pyrrol,  boiling  at  131**,  withsp.  gr.  0.9752  (12.5**),  received  its  name 
from  its  property  of  imparting  a  fiery  red  (Tro/J/rJoc)  color  to  a  pine  shaving 
moistened  with  hydrochloric  acid.  It  was  first  found  in  coal-tar  and 
bone  oil  (Runge,  1834;  Anderson,  1858).  It  also  is  present  in  the  dis- 
tillation products  of  bituminous  shales. 

Bone  oil,  freed  from  the  strongly  basic  substances  (chiefly  pyridine  bases) ,  consists  of 
nitriles  of  the  fatty  acids«  which  are  sa|x>nified  upon  boiling  them  with  caustic  potash,  and 
in  addition  benzene  hydrocarlx>ns,  pyrrol  and  its  homologues.  The  pyrrol  is  contained 
in  that  portion  of  the  oil  boiling  at  115-130°,  which  is  treated  with  metallic  potassium, 
whereupon  solid  potassium- pyrrol  separates. 

The  oil  obtained  free  from  bone-glue  by  distillation  is  composed  almost  entirely  ol 
pyrrol  compounds. 

Pyrrol  can  be  obtained  synthetically  ( l)  by  the  distillation  of  ammonium  saccharate 
or  mucate,  or  upon  heating  glycerol  to  200°  ;  (2)  when  acetylene  and  ammonia  are  con- 
ducted through  tubes  heated  to  redness:  2C,H,  -|-  NHj  —  C4ll^NH  -f  II,;  (3)  from 
various  acid  imides  and  lactams,  which  may  also  be  regarded  as  ketoderivatives  of 
pyrrol  hydrides.  Thus,  succinimide  is  reduced  to  pyrrol  when  it  is  distilled  with  zinc- 
dust  (or  sodium) : 

CH,— CO  V  H  CH  =  CH\ 

I  /NH >- 1  /NH. 

CH,—CO/  CH=CH/ 

Succinimide  and  dichlormaleTnimide,  when  heated  with  FCl^,  yield  perchlorinated 
products,  which,  upon  reduction,  become  tetrachlorpyrrol.  The  latter  can  be  changed 
through  tetraiodpyrrol  into  pyrrol : 


cci— co^ 


Pentachlorpyrrol 
(1.464) 


CC1=CCI\  CI=CIv  CH=Cn\ 

.cciN— 1—         cci=rccr  c\~QV  cH=cn^ 

Dichlormalein-  Hepta-chloride  Tetrachlorpyrrol  lodol  Pyrrol, 

iinide 

Pyrrol  is  also  produced  when  pyroglutaminic  acid  (i,  493)  is  heated : 

CH,— CH CO.H  CI  I  =  CIIn 

I    •         >NII      * .>  I  ;nh. 

iHL— CO  CH=CH/ 

Pyroglutaminic  Acid 

Pyrrol  is  a  colorless  liquid  with  an  odor  resembling  that  of  chloroform.  It  becomes 
brown  on  exposure  to  the  air.  It  is  but  slightly  soluble  in  water,  but  dissolves  very  readily 
in  alcohol  and  ether.  In  yields  an  indigo  blue  coloration  with  isatin  and  sulphuric  acid, 
or  with  phenanthraquinone,  etc.  (p.  447)  (B.  17,  142,  1034;  19,  106).  Pyrrol  is  a  very 
feeble  base.  It  is  dissolved  very  slowly  in  the  cold  by  dilute  acids,  but  is  rapidly  resini- 
fied  by  strong  adds.  When  its  solutions  in  dilute  acids  are  heated,  ammonia  is  dis- 
engaged and  an  amorphous  red  powder  of  varying  composition  is  precipitated.  This  is 
pyrrol  red. 

The  resinifyiog  action  of  acids  upon  pyrrols  is  probably  due  to  polymerization  changes 
(B.  a6,  171 1).  Thus,  dry  hydrochloric  acid  gas  precipitates  (C^Il5N)sIlCl  from  the 
ethereal  solution  of  pyrrol.  This  must  be  regaided  as  the  salt  of  a  polymeric  tripyrrol, 
(C^HjN),.  Crystalline  trip3rrral  is  obtained  by  neutralizing  the  solution  of  pyrrol  in 
dilute  acfueoas  hydrochloric  acid  with  ammonia  and  then  extracting  with  ether.  Tripyrrol 
polymenzes  further  on  standing,  but  when  heated  it  breaks  down  into  NH,,  indol,  and 
pyrrol,  according  to  the  following  equation  (B.  Tj,  476) : 

CH— CH— CH-^H— CH— CH        CH  =  CH— C— CII        CH— CH 

■iliL»=i  1114.11         14.  NIL. 

CH    (1H— CH    CH-4l:H    CH        CH  =  CH— C    CH  ^  CH    CH  ^         * 

NH  NH  NH  1(H  ^B. 


^^g  ORGANIC  CHEMISTRY. 

(Ampare  the  analogous  decomposition  of  poljineric  alkyl  pjirols  into  alkyk » 

iluls  (|>.  459)' 

The  tran!»ition  of  the  pyrrol  ring  to  that  of  pyridine  is  very  remarkable. 

fiChlorpyridinc  is  fonned  upon  heating  potassium-pyrrol,  or  pyrrol  and  sodim  a- 
coholate,  with  chlorofonn : 

cii  =  cHv  CH  =  ca .  CH 

I  )NK  4-  CHCl,  =  1  I      +  KQ  +  Ha 

CH  =  CH/  CH  =  CH-N 

Brom-pyridinc. 

Similarly,  bromoform  yields  j3-brompyridine,  and  methylene  chloride,  pTridine,  «c. 
The  homoIoKous  alkyl  pyrrols,  when  heated  alone  to  higher  temperatures,  also  ix* 
pyridine  derivatives. 

N-Derivatives  of  Pyrrol :  Potassium  dissolves  in  pyrrol  with  an  energetic  erolisiao 

CH=CHv  ,- 

of  hydrogen.     It  forms  Potassium -p3rrrol,  C^H^NK  =  i  y  NK,  a  cxjwm 

mass.  This  compound  may  also  be  obtained  bj  boiling  pyrrol  with  solid  caustic  poCtth. 
Water  regenerates  pyrrol  and  caustic  potash.     Sodium  does  not  act  like  potassiiiiB. 

A  series  of  Nderivatives  of  pyrrol  nwy  be  prepared  from  potassium  pyrrol.  Tbey  « 
characterized  by  the  fact  that  they  change,  on  heating,  to  C-derivatives.  This  b  ailo- 
(^oiis  to  the  fonnation  of  homologous  anilines  from  the  alkylic  anilines: 

•Mkyl  iodides  yield  n- Alkyl  Pyrrols,  C^H.  :  NR,  which  can  be  directly  fonned  if  in 
the  pyrrol  syntheses  primary  amines  be  substituted  for  ammonia,  and  also  in  the  distHh- 
tioii  of  the  alkylamine  salts  of  mucic  acid,  etc. 

n-Methyl  P3nTol  boils  at  1 13°.  n-Ethyl  Pyrrol  boils  at  131**.  n-Isoamyl  Pynol 
l»oils  at  180-184°. 

n- Phenyl  Pyrrol,  from  aniline  mucate,  melts  at  62'*. 

u,  ^Pyridyl  Pyrrol,  C^H^N.CjH^N,  boiling  at  251*',  is  obtained  from  3amido- 
pyridine  mucale  (B.  28,  1907). 

With  acetyl  chloride  the  product  is:  n-Acetyl  Pyrrol,  C^H^N  .  CO .  CH,.  lolling  it 
178°.  It  is  also  produced  (together  with  pyrrol-methyl-ketone)  upon  heating  pyno' 
with  acetic  anhydride. 

Pliosj^ene  converts  potassium -pyrrol  into  n-Carbonyl  Pyrrol,  CO-Cv   r  h*'°^^^' 

iiiR  at  63°  and  dislillinpr  at  238®.     When  heated,  it  is  converted  into  isomeric  diHyrryl 

ketone.  CO<{V|»;>:;|{. 

n  Pyrrol  Carboxylic  Ester,  CJI^N .  CO, .  C^H^,  is  fonned  when  chlor-carhonic estw 
acts  ui)on  |X)lashi  urn -pyrrol.  It  is  an  oil  boiling  at  180®.  It  passes  into  Pyrrol  Carba- 
mide, CjHjN  .  CO  .  NIIj.  if  it  is  heated  with  aqueous  ammonia. 

n-Cyan  Pyrrol,  CJI^N.  CN,  is  produced  in  the  action  of  cyanogen  chloride  upoo 
potassium  pyrrol.     It  rapidly  ix>lymerizes  to  a  melamine  derivative. 

n;^«//i</^  derivatives  of  the  pyrrols,  C^R.N.  NllC^Hj.  have  l>een  syntheticaliy 
obtained  from  14-diketo  comjwunds  and  phenylhydrazine  (compare  A.  289,  312). 

.,,.^"^«rivatives  of  Pyrrol :  i .  C-Alkyl  Pyrrols,  hofno/ogouspynols, 
^^^^ur  ,n  bone  oil.     They  are  artificially  produced  : 

(\\  TT^  conducting  the  vapors  of  pyrrol  and  alcohols  over  zinc-dust; 
n-Alk-  1  ^^^  heating  i)yrrol  or  potassium-pyrrol  with  alkyl  iodides, 
l^yrrois .  ^^>'^^^^^  ^^"1^  at  first,  but  they  immediately  change  to  c-alkyi 

^^<^>cvii^^  splitting  off  carbon  dioxide  from  the  homologous  pyrrol  car- 

"^^Pon  ho  »l^^^^  synthesis  from  ^'-diketones— <?.  r.,  acetonyl  acetone,  etc 
^^^iting  with  ammonia. 
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Behavior  :  TheC-alkyI  pyrrols  yield  the  corresponding  pyrrol  carboxylic  acids  wiicn 
they  are  fused  with  caustic  potash.  Like  pyrrol  itself  they  are  readily  resinified  by 
acids.  Gaseous  hydrogen  chloride  precipitates  com{x>uiids  like  [C\H3(CI{,)NlI]jHCI, 
rC4H,(CH,),NH]2lICl,  from  the  ethereal  solutions  of  the  mono-  and  a,/?-dialkyl  pyrrols. 
In  aqueous  solution  dilute  sulphuric  acid  changes  these  salts,  with  the  elimination  of 
ammoQia,  into  alkyl  indols.  The  reaction  completes  itself  by  the  assumjHion  of  a  struc- 
taie  for  polymeric  alkyl  pyrrols  similar  to  that  attributed  to  tripyrrol  (B.  24,  2562 ;  26, 
■711): 

CH, .  C— CH— HC— CCH,  CH, .  C  =  CII— C— CCH, 

P      I         I         11  =  I  H     y         4.  NH,. 

CH,.C    CH— HC    CCH,  CH,.C  =  CH— C    CCH,  * 

V  V  V 

NH  NH  NH 

Tetramethyl  Dipyrrol  Tetramethyl  IndoU 

a-Melhyl  Pyrrol  boils  at  148**,  while  the  ^•variety  boils  at  \\i^, 

oJ^Dimethyl  Pyrrol  boils  at  165^.  These  three  have  been  obtained  from  bone  oil. 
•^-Dimethyl  Pym>l,  boiling  at  165^,  and  a,/?i-Diinethyl  Pyrrol,  boiling  at  \(xP^ 
kave  been  prepared  from  their  dicarboxylic  acids  (p.  461). 

o^Bthyl  Pyrrol,  boiling  at  i65<',  and  a-Isopropyl  Pyrrol,  boiling  at  175^,  are  pro- 
^■ced  in  the  action  of  aldehyde  or  acetone  and  zinc  chloride  upon  pyrrol.  See  B.  30, 
454,  for  a,a,-methyl  isopropyl  pyrrol,  a- Phenyl  Pyrrol,  melting  at  129°  and 
boiling  at  272^,  is  formed  by  the  rearrangement  of  n-phenyl  pyrrol  upon  the  application 
oT  beat  (B.  28, 1905). 

a^i-ilethyl  Phenyl  Pyrrol  melts  at  loi^. 

Tetraphenyl  Pyrrol,  from  bidesyl  with  ammonia,  melts  at  2ii<'  (B.  aa,  553J. 

aa^Pyridyl  Pyrrol,  melting  at  72^,  is  formed  by  the  rearrangement  of  n,4-p}'ridyl 
pyrrol.  The  methyl  iodide  of  its  n-methyl  ether  appears  to  be  identical  with  nicotyrin 
todmeCbylate  obtained  from  nicotine  (see  this)  (B.  28,  1912). 

2.  HtUagen  SubUitutiim  Products:  The  halogens  react  very  energetically  with  the 
pmrrol  compounds.  To  prevent  the  formation  of  tar  it  is  necessary  to  operate  with  very 
dilute  solutions.  Even  then,  as  a  rule,  all  the  available  hydrogen  atoms  of  the  pyrrol 
Bocleus  will  be  immediately  replaced.  Chlorine  and  bromine  oxidize  pyrrol  in  alkaline 
■ointion  at  once  and  convert  it  into  dichlor  or  dibrom  malelnimides  (p.  447). 

Tetrachlorpyrrol,  C4C14NH,  melting  with  decomposition  at  1 10^,  is  also  obtained 
by  the  rednction  of  the  product  resulting  from  the  action  of  PCl^  upon  succinimide  and 
^Alornialelnimide — the  so-called  pyrrol  pentachloride,  C^CI^N,  and  the  heptachloride, 
C4ClfN  (1,  463).  It  decomposes  very  rapidly  spontaneously ^  and  cannot  be  directly  con- 
verted into  pyrrol  by  retrogressive  substitution.     Potassium  iodide  converts  it  into  iodol 

(B.  19.  y»7). 

Iodol,  Tctra-iod-pyrrol,  CJ4NH,  melting  at  104^  with  decomposition,  crystallizes 
in  jfeUowish-hrown  needles.  It  is  best  made  by  the  action  of  iodine  upon  pyrrol  in  the 
presence  of  alkalies.  It  is  odorless.  It  is  applied  as  an  antiseptic,  having  the  same 
action  as  iodoform  (B.  ao,  R.  220). 

Tetrachlor-n-phenyl-pyrrol,C4Q4.  NC,H(,  results  when  PCI5  acts  upon  succinanil 

(I.  449)- 

3.  Nitro-derivatives  :  Nitric  acid  converts  pyrrol  and  alkyl  pyrrols  into  resm  and  then 
oxidizes  them  to  oxalic  acid,  etc.  With  fuming  nitric  acid  nitro-derivatives  are  only 
obuined  from  the  pyrrol  ketones  and  carboxylic  acids.  The  side-chains  are  sometimes 
replaced. 

Dinitro-pyrrol,  C4H,(NO,).H,NH,  melting  at  152^,  is  obtained  from  pyrrylmethyl 
ketone.  Dinitrodibrompyrrof,  C4Br,(NO,),NH,  is  formed  from  dibrompyrrol  di- 
cnfooxylic  add.    It  decomposes  very  readily  with  liberation  of  NO  into  dibrommaleln- 

CBr  =  C(NO,)v  CBr— COv 

I  /NH  =  B  /NH  +  2NO. 

CBr  =  C(NO,)^  CBr— CO^         ^ 

4.  Pyrrol'OMthcompounds  :  Axo-  and  Disazo-compounds,  perfectly  analogous  to  the 
aao-dyes,  result  from  the  interaction  of  benzene  diazo-salts  and  pyrrol  or  homol- 
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tine  (flfiUo)  and  is  artificiftlljr  prepared  by  heating  carbop3rTrolic  acid  with  acetic  anhy- 
dride. When  it  if  heated  with  PCl^,  perchhrpyrocoll,  CjoCl^NjO.,  is  produced.  The 
latter  abtorl»  eight  additional  chlorine  atoms  and  passes  into  the  chloride  (C^CIf  NCO),, 
which  twcomes  tetrachlorpjrrrol  upon  redaction  (p.  459). 

^-Pyrrol  Carboxylic  Acid,  melting  at  162**,  is  obtained  by  fusing  methyl  pyrrol  with 
cnoitic  potash. 

Methyl  Pyrrol  Cmrbozylic  Acids,  C4H,(CH,)NH .  COOH.  The  aacid  melts  at 
16^;  the  /Sacid  at  142**.  a^o^-Dimethyl-pyrrol/Scarboxylic  Acid,  C4H(CHs),.- 
NH.  COOH,  melts  at  118®.  Its  ester  is  derived  from  the  corresponding  dicarboxylic 
esters  by  the  exit  of  carbon  dioxide. 

a,ai-Diphenylpyrrol  Carboxylic  Acid,  C^HCCJHjj.NH  .  COOH,  melting  at  26i<>, 
B  obtained  from  phenacylbenzoylacetic  ester,  C^Hs.  CO.  Cn(CO,R)CH,.  CO.  €«[!. 
(p.  381).  a,ai-Pyrrol  Dicarboxylic  Acid,  C^H,NH(COOH),,  from  carbopyrrol 
g^yoxylic  acid  (p.  461),  decomposes  at  200°  into  carbon  dioxide  and  pyrrol.  a,aj-Di- 
methyl-)9,/3|-p3rrrol  Dicarboxylic  Acid,  C^(CH,),NH(COOH),,  from  diacetosuccinic 
ester,  breaks  down  at  251®  into  2CO,  and  a,a|-dimethyl  pyrrol.  a,/?|-Dimethyl-/?,a|- 
pyrrol  Dicarboxylic  Acid,  from  acetoacetic  ester  with  isonitrosoacetoacetic  ester, 
decomposes  at  197®  into  2CO,  and  a,/?|-dimethyl  pyrrol.  aaj-Diphenyl-;3;?j-p3rrrol 
Dicarboxylic  Bater,  melting  at  152**,  is  produced  when  ammonia  acts  upon  dibenzoyl 
succinic  ester  (A.  293,  107). 

Pyrrolen-phthalide,  CO<^*>  C  <^^>  C  <^^*>CO,  is  produced  when 

phthalic  anhydride  and  pyrrol  are  heated  together  (B.  xg,  2201).  Its  formula  is 
probably  analogous  to  that  of  pyrocoll. 

Hydropyrrol  Derivatives:  When  pyrrol  is  reduced  (zinc- dust  and  acetic  acid)  two 
hydrogen  atoms  are  added  and  dihydropyrrol  or  pyrrolin,  C^H-N  (i,  314),  is  produced. 
Further  addidon  of  hydrogen  (by  means  of  HI  and  phosphorus)  leads  to  tetnihydropyrrol 
or  pyrrolidine,  CH^N.  The  nature  of  pyrrol  is  very  essentially  altered  by  this  addition 
of  hydrogen.  Whereas  pyrrol  is  a  Tery  feeble  base,  pynroline  and  pyrrolidine,  to  even  a 
greater  degree,  manifest  the  strong  basic  properties  of  the  secondary  amines  of  the  ali- 
phatic series. 

CH  =CH\ 

Pyrroline,  1  /NH,  is  a  liquid  that  dissolves  readily  in  water  and  boils  at 

CH|  —  CHj/ 
91^.    It  has  an  alkaline  reaction,  smells  like  ammonia,  and  unites  with  acids  to  form 
salts.     It  is  a  secondary  base.     Nitrous  acid  converts  it  into  nitrosamine^  C^I^^N^NO), 
melting  at  38**. 

Pjrrroline  and  methyl  iodide  unite  to  dimethyl-ammonium  iodide,  C^H0N(CH,),I. 

n-Methyl  Pyrroline,  C^H^N  .  CH,,  is  formed  by  the  reduction  of  methyl  pyrrol.  It 
boils  at  8o<>. 

CH  —  CH  V 

Pyrrolidine,  Tetramethylene-imine,  1    *  *NnH,  as  well  as  its  homologues, 

CH|  —  CHj/ 
have  already  been  described  in  connection  with  the  aliphatic  bodies.  In  addition  to  the 
methods  there  given  for  its  production  another  may  be  introduced  at  this  point.  It  repre- 
sents a  transition  of  the  six-membered  piperidine  ring  into  the  (ive-membered  pyrrolidine 
ring.  Piperidine  or  pentamethylene-imine  combines  with  alkyl  iodides,  forming  diniethyl- 
piperidininm  iodide,  the  hydroxide  of  which,  upon  distillation,  changes  to  a  coni|x>und 
with  an  open  chain,  buiallyUarbindimethylamine,  The  hydrochloride  addition  product 
of  the  latter  readily  rearranges  itself  into  the  chlormethylate  of  n,a-dimethylpyrrol- 
idine: 

CHj-CH,— N(CH,),OH   CH,— CH,— N(CH,),      CH,-CH,-N(CH,),      CH,— CH, v 

I  — >l  "  — >-|  — >l  ,         /N(CH,),C1 

CH,-CH--CH,  CH,-CH=CH,  CH,-CHCl  .  CH,  CH-CH(CH,) 

DtmelhyMiipeHdiniom        Butallylcarbin-       ft-Chloramyl-dimcthyl-      n,a-DimcthyI-nyrrolidine 
Hydroxide  dimethylamine  amine  Methyl  Chloride. 

Other  unsaturated  amines  analogous  in  constitution  to  butallylcarbindimethylnmine 
can  be  changed  by  HCI  to  pyrrolidine  bases  (Merling,  A.  264,  ^10;  v^^  vV  ^^T^^^- 
dine  can  be  carried  through  changes  similar  to  those  indicaltd  s^^e  Iq\  y^^"^"^"^^*   ^^ 
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may  be  combined  with  methyl  iodide.  The  resulting  dimethjIpTRoUdyliiim  iodide  c 
then  be  decomposed  by  distillation  with  caustic  potash,  and  the  base  dimethyl  pynolidic 
C4H,N(CH,)„  will  be  obtained.  When  its  iodmethylate  is  distilled  with  potash  t 
products  are  trimethylamine  and  an  unsaturated  hydrocarbon,  Pynolylene,  C^H^  (B.  i 

569). 

n-Methyl  Pyrrolidine,  C^HgN .  CH.,  boiling  at  81-83^,  is  identical  with  the  bai 
which  is  produced  by  the  elimination  of  carbon  dioxide  firom  hygrU  and  or  n-metk) 
pyrrolidine  carboxylic  acid^  an  oxidation  product  of  the  alkaloid  hygrine  present 
coca  leaves  (B.  30,  1113).  a,2-Pyridyl-n-methyl  Pyrrolidine  is  very  probably  tl 
alkaloid  nicotine.    Consult  B.  30, 1588,  for  the  reduction  products  of  a,a, -dimethyl  pym 

Ketopyrrolidines  or  Pyrrolidones  are  the  lactams  of  the  y-amido-acids,  like  Butyn 
CH,  — CO  \ 
lactam,  Pyrrolidone,  1  ^NH,  which  have  also  been  discoTcred  in  conne 

tion  with  the  aliphatic  bodies. 

Diketopvrrolidines  are  the  imides  of  the  succinic  add  series — e,  ^.,  succinimidi 
CH,  — CO\ 
I  rf\/^^^  (''  ^^)'    Ofi^'^il^ctopyrTolidines  are  produced  in  the  condensation 0 

oxalacetic    ester  with  benzalanilines — e,  ^.,  a,j9-diketo-n,a.-diphenyl-)3|*pyrTolidin 

yCO CO 

carboxylic  eater, C.H,N(^^^^^^^^^__^^^^^^^^^.  melting  at   lyi-  (B.  30.  602] 

CO    —  COy 

Xanthoxalanil,    1  ^N.  C^Hj  (B.  24,  1252),  the  anil  of  oxalacetic  acid, is 

triketo-pyrrolidone. 


CONDENSED   NUCLEI  OF  THE  FURFURANE,  THIOPHENE, 
AND  PYRROL  GROUPS. 

Wlicn  two  adjacent  C-atoms  of  a  furfurane,  thiophene,  or  pyrro 
nucleus  participate  in  the  formation  of  a  benzene,  naphthalene,  etc., 
grou}),  condensed  nuclei  result,  which  sustain  the  same  relations  to  the 
simple  heterocyclic  rings  that  the  condensed  nuclei  of  the  naphthalene, 
phenanthrene,  and  anthracene  groups  bear  to  benzene. 

The  following  condensed  nuclei  are  derived  from  furfnrane,  thiophene,  and  pyrrol: 


Ktriizufurfuranc,  Coumarone 


Benzothiophene 


Benxopyrrol,  Indol 


Dibciizofurfurane, 
Diplicnylene  Oxide 


Dibenzothiophene. 
Diphenylene  Sulphide 


DibenaopyrroU  Diphenylene- 
inide,  Carbaxole. 


The  dicyclic  nuclei  can  have  place-isomeric  combinations  : 


0>    0^ 
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These  tie  desiniated  iaobenxoforfurane,  isobenzothiophene,  and  isobenzopyrrol  or 
itofndol.  Tbeae  njpoChetical  parent  substances  give  rise  to  a  series  of  substances 
which  have  been  diseased  in  conjunction  with  compounds  having  open  chains.  From 
ifoben«>fiirfanuie  we  may  consider  as  derivatives:  tetrachlorxylyleru  oxide  (p.  232), 
fktkalide  (p.  234),  phlhalic  anhydride  (p.  240).  To  isobenzothiophene  may  be  re- 
teired :  xylyUne  sulpktde  (p.  232),  thiophthalide  (p.  235),  thiopkthalic  anhydride  (p.  240) ; 
to  iMlndol :  xylyUneimine  (p.  232),  phthalimidine  (p.  234),  and  phthalimide  (p.  240). 

To  isdindol  may  also  be  referred  methyl  isolndol^  ^^♦Vr'/Ar  \^^*  derived  from 

phthalazine  (B.  a6,  710). 

Condensed  nuclei  fuither  are  known  in  which  two  heterocyclic  rings  also  participate  in 
the  formation  of  a  benzene  nucleus — t,  g.,  benzodifurfurane  and  benzodipyrrol  derivatives 
(p.  464). 

Caumarone  and  iW^?/ should  be  especially  mentioned  as  the  parent  sub- 
stances of  important  groups.  Indol  is  the  mother  substance  of  indigo. 
These  two  bodies  will  be  considered  together  with  benzothiophene.  Next 
will  follow  the  groups  of  dibenzo-compounds :  diphenylene  oxide, 
diphenylene  sulphide,  and  carbazole. 


5.  BBNZOFURFURANB  or  COUMARONE   GROUP. 

The  conmarone  compounds,  as  their  name  would  imply,  are  produced  : 
(l)  By  the  action  of  alcoholic  potash  upon  coumarine  dibromides  or  a-brom-coumarines 
(Fittig»  A.  ai6,  162) : 

,CH:CBr     ^^„  .CH>^  .CH^ 

c;h/        I     '^Q"   >  q,H/     ^.co,h >  c;n/     ^h  (a) 

N_o .CO  ^  O  ^  ^  O  '^ 

•-Bromcoumarine  Coumarilic  Acid  Coumarone. 

Other  coumarines  react  similarly — e,  g.^  umbelliferone,  sesculetine,  and  daphnetin. 
It  is  very  certain  that  a-brom-o-oxycinnamic  acid  and  its  homologues  occur  as  inter- 
mediate products.    These  split  off  HHr  and  form  the  coumarone  ring.    The  formation  of 

benzoyl  coumarone,  C^H^/^    r\ /^  *  ^^^^6>    ^^™    aceto-o-oxybenzalacetophenone 

dihromide  and  caustic  potash,  as  well  as  by  the  condensation  of  salicylaldehyde  by  means 
of  ciHbfomacetophenone  and  caustic  potash,  proceeds  analogously  (B.  29,  237,  R.  290). 

(2)  Other  o-disnbstitntion  products  of  benzene  combine  to  yield  a  coumarone  ring. 
Caostic  potash  converts  o-oxychlorstyrene  into  coumarone  (B.  26,  R.  678) : 

P.H.<g«  =  C«« >    C.H,<^0>«- 

(3)  By  heatmg  o-aldehydo-phenoxy-acetic  add  with  sodium  acetate,  coumarilic  acid 
results  (B.  17,  jooo) : 


*^<o 


CHO  .CH^ 

>•    <^H.C       '^H.COOH. 

CHj.COjH  ^O^ 


(4)  The  fynthesis  of  aoeto-oxycoumarone,  howeTer,  from  furfural-^S-lsevulinic  acid 
represents  a  benzene  ring  formation  (B.  a6,  345): 

Cjj^H-CH    HO.Cp-CH,  ^jj^H-C[^]-C(OH)  =  CH 

\o — 6--CH =C.  COCH,       ^       ^O — C[q]— CH C^ .  CXXIH^ 

FnrlaraHUwallnic  Acid  Xcdo^x^f  couanaxoaft « m«  v.  vyS^ « 
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(5)  By  the  action  of  sine  chloride  upoo  phenoxykioetab  and  khdr  homologiies  (B.  31 
1700): 

q.H /^  y    C.H /^">CH. 

\OCH, .  CH(OC,H,),  ^  O  ^ 

(6)  Just  as  the  coumarines  are  formed  from  phenol  and  malic  acid  oracetoacetic  estei 
so  the  coumarones  are  obtained  from  the  sodiom  salts  of  the  phenols  with  a-chloraceto 
acetic  ester  (Hantzscb,  B.  10, 1 291) : 

CH, 
H  CO.CH,  yC^ 

^ONa        aCII.CO,R  X)^ 

Sodium  a-Chloraceto-  /El-Methyiene  Coumarilic 

Phenate  acetic  Ester  Ester. 

Resorcin  and  two  molecules  of  the  ester  yield  a  henzodifurfitrane^  pyrogallol  with  three 
molecules  of  the  ester  form  a  benzotrifurfurane^  while  a  naphthofurfttrane  is  obtained 
from  naphtbol. 

A  perfectly  similar  reaction  is  noticeable  in  the  production  of  conmarone  and  benzodi- 
furfurane  derivatives  from  quinones  and  chlorinated  qninones — e,  g.^  chloranil,  when 
healed  with  acetoacetic  ester  (J.  pr.  Ch.  [2],  45,  67;  A.  283,  245). 

Coumarone,  C(,li,0,  boiling  at  169**,  is  formed  by  distilling  coumarilic  acid  with  lime. 
It  is  obtained  from  o-oxy-u-chlorstyrene ;  from  phenoxylacetal  with  zinc  chloride 
(B.  30,  1703),  as  well  as  from  coal-tar  (B.  23,  78).  Concentrated  acids  convert  it  into  a 
resin.  With  bromine  it  yields  a  dibromidey  melting  at  88^.  Sodium  and  alcohol  reduce 
it  to  dihydrocoumarone,  cattmaran,  CgHgO,  lx)iling  at  189^,  together  with  ethyl 
phenol  (B.  25,  2409). 

/^Methyl  Coumarone,  CqH(,0,  from  methyl  coumarilic  acid,  boils  at  189°. 
a, /^ Dimethyl  coumarone,  from  dimethyl  coumarilic  acid,  boils  at  210^. 

»  Benzoyl  Coumarone,  CgII^O(CO(4H5),  melting  at  91°,  obtained  from  acetyl- 
o-oxybenzalacetophenone  dibromide,  as  well  as  in  the  condensation  of  salicyl aldehyde 
wiih  phenacyl  bromide,  is  decomposed  by  fusion  with  caustic  potash  into  coumarone  and 
benzoic  acid  (B.  29,  237,  R.  2<^). 

^-Coumarilic  Acid,  C^HjO .  COOH,  melting  at  190°,  is  obtained  from  o-brom- 
coumarine.     Sodium  amalgam  converts  it  intb  hydrocoumarilic  acid,  C^fiy 

/^Methy^(I -coumarilic  Acid  melts  at  189°.  Its  ethyl  ester  is  produced  on  healing 
sodium  phenoxide  with  acetoacetic  ester  (see  above).     It  melts  at  51**. 

i,2,4-Trichlor-3-oxy-^3-methyl-coumarilic     Acid,     C,G,(OH)^     ^C.CO,H, 

melting  at  258°,  is  prepared  from  cbloranil  and  acetoacetic  ester. 

CO 
/^-Ketocoumaran,  Ketodihydrocotimarone^  CjH4<  q  >H,  melting  at  97**,  is  made 

from  aceto-o-oxyacetophenone  bromide  (B.  30,  1081). 
Benzodimethyldifurfurane  Dicarboxylic  Ester, 

nr^R .  Q^  yQJil/  '^C.  CO,R,  is  obtained  from  resorcinol  and  chlor- 

aceloacctic  ester.     The  a-compound  melts  at  186^  and  the  j94)ody  at  141^.     Benzo- 

fC.CH,  ) 

trimethyltrifurfurane  Tricarboxylic  Ester,  Q^\     ^^p    pQ  n  \  t  is  similarly  formed 

from  phloroglucin.     It  melts  with  decomposition  at  297**. 

Naphthofurfurane,  C,(,n,[C,IL()],  melting  at  6i*>,  is  made  by  the  action  of  ZnG, 
upon  naphthoxylacetaldehyde,  C,oli,0 .  CH,.  CHO,  dissolved  in  glacial  acetic  acid  (B. 

yC  .   CHg 

30,  1702).  Naphthomethylfurfurane  Carbozylic  Ester,  Cj^Hj^    ^^  ^q  j^        , 

ing  at  1 10^,  is  obtained  from  a-naphthol  and  chloracetoacetic  ester. 

Naphthoketocoumaran,  CiolI((C,H20)),  melting  at  92^,  is  formed  from  2-brom- 
Ace/o-/-acetyJnaphthol  (B.  30,  146^). 
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6.  BENZOTHIOPHBNB  GROUP. 

BenaothioplieDe  is  produced  from  a-su]phhydryI-6)-chlorstyTene,  which  has  only  been 
IboUted  in  the  fonn  of  its  xanthogenic  ester.  This  is  analogous  to  the  formation  of 
^oamuone  from  o-ozy-ciHchlorstyrene  (B.  a6,  2809) : 

/CH  =  CHa  /^^^^ 

wfaidi  is  similar  to  the  formation  of  acetoxycoumarone  from  the  condensation  product  of 
fiufmol  and  berulinic  acid. 

Ozybenzothiophene  results  from  the  condensation  of  thiophenaldehyde  with  succinic 
add  (B.  19, 1619) : 

[[i5]H         HOOC.CH,  j[/?]C(01I)  =  CH 

l[a]CHO  H,C-COOH  *    "^1[a]CH-7-^=CH^ 

Thiophenaldehyde  Succinic  Acid  4-Oxybenzothiophene. 


(IP]H         HOOC.CH,  (mC(01I)  =  CH 


Bensothiophene,  Thionaphthene,  C^H^S,  melting  at  31^  and  boiling  at  221**  (C. 
1897,  II,  270),  has  an  odor  like  that  of  naphthalene.  4-Ozythionaphthene,  CgH^- 
(OH)S,  melting  at  72**,  resembles  a-naphthol  in  its  behavior  (compare  thiophene). 


BENZPYRROL  OR  INDOL  GROUP. 

The  most  important  substances  belonging  in  this  group  have  been  ob- 
tained from  indigO'bluey  to  which  the  indol  derivatives  bear  an  intimate 
kinship.  Indol,  and  especially  the  methyl  indols,  as  derivatives  of  pyr- 
rol, show  most  of  the  reactions  of  the  latter  (B.  19,  2988).  By  a  rupture 
of  the  ring  the  indol  bodies  are  converted  mainly  into  orthoamido-acids 
of  benzene.  Our  knowledge  of  the  constitution  of  indol  and  its  deriva- 
tives, and  their  relations  to  indigo,  is  based  chiefly  upon  the  investigations 
of  A.  V.  Baeyer  (p.  473). 

Indol,  CgH,N  =  CJti/       ^CH  (a),  melting    at  52**  and  boiling  at  245°  with 

decomposition,  is  obtained : 

(1)  By  the  distillation  of  oxygen-containing  derivatives — t.  g^t  oxindol  (p.  471), 
indigo  blue  (p.  473) — with  zinc-dust. 

(2)  By  condensation  of  various  o-amido-substitution  products  of  benzene,  or  by  the 
reduction  of  o-nitro-compounds ;   for  example,  the  action  of  sodium  alcoholate  upon 

/CH=CHC1  yCHN^ 

Q^amUocklarsiyrene  (p.  207),  C^H^/^^j^  >-C,H,(^^jj^CII.  analogous  to 

ooomarooe  (p.  463)  and  benzothiophene  (above) ;  also  by  the  reduction  of  o-nitro- 

pkmyUcetald€kxdeotf^nitroHnnamUacidS'J^\(^^      **  >►  C^jTI^^       ^CH. 

It  if  very  ptobable  that  the  production  of  indol  from  phenylglycocoll,  QH^Nil .  CII, .  - 
COOH,  and  calcium  formate  proceeds  in  a  similar  manner  (B.  23,  R.  654). 

(3)  The  pyrogenic  formation  of  indol  from  alkylic  anilines,  tetrahydroquinoline,  and 
especially  from  enmUline  when  the  vapors  are  conducted  through  tubes  heated  to  red* 
naty  are  due  to  ortho-condensatioos. 
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(4)  Finally,  indol  is  fonned  (together  with  skatole — see  this)  from  o/^Mmuteiidje 
paniiratic  fermentation  (method  of  production),  or  when  thej  are  fboed  with  caoDC 
]H)(a.sh. 

lit'havior :  Indol  crystallizes  from  water  in  shining  leaflets.  It  p» 
souses  a  i)cculiar  odor,  resembling  that  of  naphihylamine,  and  isrcadilf 
volatilized  in  aijiieous  vapor.  Its  vajwr  density  (under  diminished  pro- 
sure)  eorresiMinds  to  the  fcirmula  C„H:N.  A  pine  splinter  moistened  with 
hydrochloric  acid  and  di[)|)ed  into  its  alcoholic  solution  or  the  vapoR 
acijuires  a  cherry-red  color.  Indol  possesses  but  very  feeble  hisic 
properties  (similar  to  pyrrol),  and  is  easily  resinified  by  acids. 

With  picric  acid  it  forms  a  compound  which  crystallizes  in  red 
needles. 

Tlic  substituents  of  indol  in  the  pyrrol  ring  are  termed  a-,  /?-,  n-,  or  Vj(ia,l)\  tkoK 
in  thr  lH*n7ene  ring,  1,2,34  or  B«(  1,2.34)  (A.  236,  121). 

n  Xifro<oinJoi\  l^ll^N  .  N(\  melting  at  172®,  formed  from  indol  and  sodium  nitrife, 
prohalily  has  the  doublt^l  formula  (C.  I S9 1.  II,  62).  Various  acetyl  imJoIs  are  proiocid 
^^licn  indtil  and  acetic  anhydride  are  heated  together  (I^  23,  1359,  2296). 

Homologous  Indols  are  produced : 

I.  lAc  indol  from  o-amido-compounds  of  the  benzene  series  bj  the  fonmtiixxtf 
cluMcd  rings: 


/CH,.  co.cn. 


a-M ethyl  Indol. 


o-Ami(lolKiizyl  Methyl  Ketone 

Similarly,  o  amido-ilrsoxybenzoin  yields  a-plienyl  indol  and  o-methylamido-y-cbljf- 
MMiiu-  :   II  iiKthyl  indol. 

^.  '•>' l»tatinj4  the  anilines  with  compounds  containing  the  group  CCCIICI.  F^-f 
*v;inii.lr,  aniline  .and  rliloracclone  yield  n-methyl  indcl  ;  with  .M)ronil.fviilinic  aciJ. 
'  ■  '''^"'^•fbyl  imli.l  is  tlu-  pnHluct.  .V  simultaneoiLs  evolution  of  CO.  occurs  hL-re.  Ibi* 
n^u  hon  IS  parallel  to  that  ol  tlio  so-calleil  ifuituiUinc  yynthfsi^.  For' its  course  s«  B.  l^ 
'•  «Kt ;  26.  i.^^d,  2<>jS.     Aniline  and  hromacetophcnoiK*  yiclil  o-phenyl  in.lol. 

.V  A  nntt*\v(.ithy  method  for  the  pnvluction  of  the  alky!  indols  consists  in  comic i>in^ 
Mr  pi,rnyniyilraz<,nrs  ot  the  aldehvde^.  ketones,  and  ketonic  acids  by  heating  iben;  vtith 
.%.  n.iiiionc  acid  ur  zinc  chloride  (E.  Fischer.  W.  19,  1563  ;  22.  R.  14).  when  animonii 


»*roi>yli,Icno-i,hi.iiylhy<lrazonc 


/3-Mcthyl  Indol 


/^^"^->.a, 


Aceton..,.henyI.„e.„,,„,jJ;,',|,'„,  n.^^S^Mol 


*isier  (p.  124) 


a-Indol-carboxylic  Ester. 


I'^^^Hu.T^''^^''^^  ^^^»''n  wiHi     u  !;'''^\"''  derivatives  react  very  easily  with  pvroraccmic  icHi 

"^idsj;  ""'^  »»-^Jl<vl.i„Z  onrJ      ^y^l'-'>^J»loric  aci<!,  sulphuric  or  phosphoric  acid;  tb^ 

'*"'*-.  wIi^I'm  V'^'^^^^a^-etic   es^or  ^""^        '*^''^^-      '"^^^^  phcnylhydrazones  of  the  ,M^rtODic 

heated  with  conoonTT''.'^  Pnncipally  converted    into   pyrazole  compounds. 

"Kcnirated  sulnhuric  arifl    vUM  ;«^^i  ^;»«„w>«nrl«  rB.  27.  R- 


'^enirated  sulphuric  acid,  yield  indol  compounds  (B.  a?.  ^ 


METHYL  INDOL.  467 

793).     This  it  espedallj  tnie  of  the  unsym.  alkylphenylhydrazones.     See  also  indol- 
nuMii,  p.  470. 

4.  The  polymeric  alkyl  pyrrols  upon  standing  with  dilute  sulphuric  acid  part  with 
Miminnia  and  pass  into  alkylic  indob— ^.  ^.,  tetramethyldipyrrol  changes  to  0,^,2^^ 
letnunethyl  indol. 

Behavior:  The  alkyl  indols  suljstituted  in  the  pyrrol  nucleus  possess 
generally  the  faecal  odor,  and  can  be  distilled  without  decomposition. 
The  phenyl  indols  and  indol  carboxylic  acids  are  non-volatile  and  odor- 
less. They  are  more  stable  toward  acids  than  indol,  dissolve  in  concen- 
trated acids,  and  are  reprecipitated  unaltered  by  water.  Picric  acid 
unites  with  all  of  them,  forming  compounds  crystallizing  in  red  needles. 
Most  of  the  indol  derivatives  give  the  pine-shaving  reaction,  the  excej)- 
tions  being  the  indol  carboxylic  acids  and  the  a,^-dialkyl  indols.  The 
alkyl  indols,  like  the  alkyl  pyrrols,  yield  indol  carboxylic  acids  when 
they  are  fused  with  caustic  potash. 

The  indols,  like  pyrrol,  combine  with  aldehydes,  acid  anhydrides,  and 
diazo-compounds,  hydrogen  atoms  of  the  pyrrol  nucleus  being  replaced 
by  the  acidyl,  the  diazo-group,  etc.  Red  dyestufls,  resembling  fuchsine 
and  called  rosindols  (B.  20,  815),  are  produced  by  heating  various  indols 
with  benzoyl  chloride  and  zinc  chloride. 

The  behaTior  of  indol  by  exhaustive  methylation  is  remarkable :  all  of  the  hydrogen 
atoms  of  the  pyrrol  nucleus  are  replaced  by  methyl,  and  then  by  the  further  action  of 
methyl  iodide  a  body  results  which  formerly  was  thought  to  be  a  dihydro-n,a,)-trimethyl- 
quinoline,  because  its  corresponding  reduction  product,  a  tctrahydro-basc,  could  be 
changed  to  o,y-dimethyl-quinoline.  Flowever,  the  so-called  dihydrotrimethyl  (juinoline 
is  reconverted  by  the  distillation  of  its  iodhydrate  into  a^.cf-n-triinethyl  imiol,  and  when 
oxidized  with  chromic  acid  or  potassium  permanganate  yields  /?,  <i-dimethyl-tt-iudolinon, 
10  that  formulas  like  the  following  have  been  suggested : 

X(CH,)-CH,  .CCCH,),— CII 

q,H/  \l  or    CJI,<;  II      (B.  29.2460). 

^N(CH,)-C(CH,)  ^N(CH,)  — CH 

Compare  B.  ai,  1940,  for  the  conversion  of  the  indols  into  quinolincs  by  means  of 
chloroform  and  sodium  alcoholate. 

n-Methyl  Indol,  C,H«N(CH3),  boiling  at  239°  ;  n-Ethyl  Indol,  l>oiIing  at  247 <* ; 
AUyl  Indol,  boiling  at  z^z^  (B.  a6,  2174);  and  n- Phenyl  Indol,  C„HeN((^enj),  are 
obtained  from  their  carboxylic  acids  by  the  elimination  of  carl)on  dioxide.  Bromine  in 
sodium  hydroxide  oxidizes  n-mcthyl  and  n-ethyl  indol  to  methyl  and  ethvl-^y-hatin 
(p.  472). 

a-Methyl  Indol,  CgIl5(CH,)NH,  Methyl  Ketol,  arises  from  o-amido-benzyl- 
methyl  ketone,  and  acetone  phenylhydrazone.  It  melts  at  59^.  Its  odor  is  like  that  of 
indol,  and  its  reactions  are  similar.  Oxidation  with  MnO^K  (by  rupture  of  the  pyrrol 
ring  at  the  point  of  the  doable  binding)  converts  it  intoo-aceto-amido-benzoic  acid: 

^NH^  ^NH.CO.CII,. 

a-Indol  carboxylic  acid  is  fonned  when  it  is  fused  with  caustic  potash. 

/3-Methyl  Indol,  5:(tf/a/^CaH|(CH,)NH,  occurs  in  human  Hcces  (with  a  little  indol). 
It  may  be  obtained,  together  with  indol,  from  reduced  indigo,  by  the  putrefaction  of 
albuminoids,  or  (with  indol)  in  the  fusion  of  the  same  with  potassium  hydroxide.  It 
can  be  prepared  without  difficulty  by  heating  propidene-phenylhydrazotie  with  zinc 
chloride.     It  melts  at  95®  and  boils  at  265^.     It  has  a  peneliaVvn^^  (»(ii\  ^o\« 
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c.:.  .-Tnmcthyl  Indol  boils  ai  2S0'  (see  above).  ay;9,2,3-Tetnunethyl  Ind 
^CHj  ,C,ll,:  [Cj.CH^pi'H],  Belts  with  deoonpositioo  at  2$$^  (B.  aa,  1924).  Ii 
ohiuiied  firoa  tetnimiiijMiyjiwil  Qil  458).  a-Plwaarl  ladol,  C;H^€^Hg)NH,  a 
iB«  at  i87«,  hat  bees  pvepmd  feoai  aiUnnhfnM  ■hfiHi/aia—n,  firan  o-ailnd 
a«¥ben»6fa»ftq»taiMarfiBBhfMn«raBiiaaiSae(aMafccwc|,aiid,larty,lythew^^ 
Bi^  of  ^PhoiTl  iBdol.  C;iI|(CillJNH,  mM^[  at  HgT,  vpoo  haatfaf  it  to  i; 
viA  one  cUoride  (R  at.  1811).  Siarilw  wanMB— to  aw  — aatei  hytbadii 
cat  H/Mr/  /Amy  cadMr  (B.  n,  R.  44).  a-ThOagd  Ittdol,  adtiqc  at  i6d^,  1 
•  Naphthyl  Indol.  ■dtay  at  i^.  aie  ahtaioed  fr— tte  phc^ttjfdiaauMU  of  ai| 
thjl  and  thtfoyloMthyl  kctoaea  (B.  aS,  R.  44). 

2.  The  ckUnrne  MmJisHfrntim  pnwlacto  of  tha 


PCI^  opoa  iheir  oxyfCB-coatoiB&if  da 
SMhiiiK  at  I04*,  htm  caiadol  (p.  471). 


3.  Snlpliottdda  of  the  iiidbli» 
have  been  synthesaed  feoaa  sedijl 

n-Matfajd  lBdol-«-8i4^lwiiie  Add,  CfiJ 

h  jdrochlotk  add,  splito  off  SO^  vcqr  Radily  and 
naphthylaoiiiMs  and  alkylic  mpiiChylaBHMi  laact  Ifte  Ae  alkylk  1 
bisiilphite. 

4.  imM  Cmrh0xyH€  Atids, 
These  are  pfodoced  (I),  in  addidoo  totha  I 

aooes  of  the  pyronMcemk  adds,  by  icactioiis  perbctly  riaiilsi-  to  thoae  < 
pynolcarboxylic  adds;  fa)  when  the  faidob  are  heated  wkh  lodhnn  am 
(3)byftisiDglhealkyl  indolswithcaatticalkaU.  Oidinaiyoaidiang  agcnto  donotrtlad 
them  (B.  ai,  1925).  Heated  alone  or  with  lioM.  they  break  down  ii2o  caibcm  dkinl 
and  indols. 

a- Indol  CarbozyUc  Acid,  C^^IUf .  OOlH.  meltlnf  at  aoo^  with  decompoiitiwi,  ha 
been  prepared  from  pyroracemic  pbenylhydnaone.  feoas  a-melhyl  Indol  by  the  potad 
fusion,  and  by  the  latter  process  from  JttrmhydrwmHtntk* 

llie  acid  also  results  in  the  redaction  of  c^nitrophenyl  pyroiaceBMC  add  widi  sinc-dari 
and  glacial  acetic  acid,  whereas  the  prodoct  wiU  be  n-oxyindolcaibozyllc  add  wbes 
sodium  amalgam  is  used  (see  p.  469  and  B.  90.  1045).  It  yields  an  iwnde  anhTdiide 
(H.  22,  2503)  corresponding  to  pyrictU  if  heated  with  acetic  anhydride. 

;^Methyl  a  Indol  Carboxylic  Add.  qH«(CH,)N .  COlH.  tkai^  curUxylk  acid, 
results  from  the  decay  of  albuminates.  It  inelts  at  165^.  Another  prodact,  fonned  at 
the  same  time,  is  Skatole  Acetic  Add.  C,H|(CH,)N .  CH, .  GO,H,  melting  at  134* 
(B.  22,  R.  701). 

/?  Indol  Carboxylic  Acid.  C^HgN.  O0,H,  is  produced  when  skatole  is  fused  with 
cnustic  potash,  and  upon  beating  indol  with  sodium  in  a  cuficnt  of  carbon  dioxide.  It 
melts  With  decomposition  at  218®.     It  does  not  yield  an  imide  anhydride  (B.  33,  2296). 

«  9 

T\  a  DimethvlinJol-^  carboxylic  acid,  C;,H4(CH,)N(CHg) .  OOOH,  from  methyl-phenyl- 
hydrazone  acetoacctic  ester,'C5H5N(CH,) .  N :  C(CH,)  .  CH, .  CGLR.  melts  at  200*». 

5.  Oxyindol  Derivatives:  Indozyl,  /9-Ozjiiid(d.  C^H^^^V^    ^CH,    from   in- 

doxylic  acid  by  the  elimination  of  CO,,  and  from  indigo  by  fusion  wteh  caustic  potash  awty 
fn)m  air  (13  26,  225),  is  an  oil  easily  soluble  in  water,  with  a  ydtow  fluorescence.  It  is 
very  unstable  and  is  readily  resinified.  It  dissdlTcs  with  a  red  color  in  concentrtted 
hydrochloric  acid.  It  is  oxidized  to  indigo  blue  when  its  alkaline  solution  (best  ammo- 
niacal)  is  exposed  to  the  air.  Ferric  chloride  and  hydroddoric  add  effect  the  oooTerskn 
more  quickly : 

2C,H,ON  +  20  =  (C.H,NO),  +  2H/). 


When  indoxyl  is  digested  with  potassium  pyrosolphale.  S^K^  we  get  ^ 
indoxylmlphaie,  ZJAJA  .  O .  SO,K,  which  is  found  hi  the  urine  of  hoMvc 
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■■b  {VHme  t>uAV»ii),  geneimlly  after  the  ingestion  of  indol.  When  digested  with  acids 
the  Milt  decomposes  into  sulphnric  acid  and  indoxyl,  which  forms  indigo  blue  by  the 
addition  of  a  little  ferric  chloride.  We  proceed  similarly  in  the  detection  of  indoxyl- 
■■Miaric  add  in  urine. 

This  potassium  salt  may  be  synthesized  by  fusing  o-phenylglycocoll-carboxylic  acid 
with  caostic  potash,  and  subsequently  treating  with  potassium  pyrosulphate.  If  the 
potaannm  hydrate  fusion  be  treated  with  benzyl  chloride,  n-Benzyl-^-benzyl-oxy indol, 
■idliiig  at  l66^  is  produced  (C.  1897,  i,  862). 

IndozyUc  Acid,  C;H,NO,  =  C.H^^'   [^     ^^  .  CO,II,  a  carboxylic  acid  of  in- 

dozyl,  is  produced  from  its  ethyl  ester  by  fusion  with  caustic  soda  (R.  17,  976).  It  melts 
at  123^,  with  decomposition.  Its  f/A^/  ester  is  obtained  by  reducing  o-nitrophenyl  pro- 
piolic  ester  with  anmionium  sulphide,  or  isatogenic  ester,  and  from  indoxanthic  ester, 
which  is  an  intermediate  product  in  this  reaction,  and  can  be  obtained  by  oxidizing  the 
r  of  indoxylic  acid : 

^„yC=C.CO,R  H /C.OH^ 

C^H^.  Ammoaium  Sulphide   ^    ^«"*C  mtj       /^  '  ^^J^ 


Caostic 
Potash 

Isatogenic  Ester,  m.p.  isi** 


H 


*\NH  -/' 


Ferrous  Sulphate 


C;iI,/^^^C(OH)CO,R 
Indoxanthic  Ester  (B.  15,  744). 


When  digested  with  sulphuric  acid  it  affords  a  quantitative  yield  of  indigo-mlphonic 
and.  It  possesses  a  phenol  character,  which  is  indicated  by  its  solution  in  alkalies, 
from  which  it  is  again  precipitated  by  carbon  dioxide.  Ethyl  iodide  converts  the  salts 
of  indoxylic  ester  into  ethyl  indoxylic  ester,  CgH5(OC,Hj)N .  CO,R,  which  by  saponi- 
fication with  baryta  water,  forms  Ethyl-indoxylic  Acid.  This  acid  loses  CO,  when  it 
is  heated,  and  becomes  ethyl  indoxyl,  C9ll0(OC,H5)N,  which  resembles  indol  in  its 
chemical  behaTior  and  in  its  odor.  When  digested  with  hydrochloric  acid,  ethyl  indoxylic 
acid  yields  indoxyl^  and  by  nitrous  acid  is  converted  xnKo  pseudoisatoxime  (p.  472). 

In  many  reactions  indoxyl,  as  well  as  indoxylic  acid,  yields  products  which  are  de- 
rived from  pseudobidoxyl,  or  dihydro-^-keMndol^  an  isomeride  of  indoxyl,  so  that  it 
may  be  assumed  that  in  these  instances 

y  C .  OH^^  /  CO  N. 

C^H^^  ^^H  changes  to  C^H^^         pCH,  (compare  dihydroresorcinol,  p.  296; 

phloroglucin,  p.  165,  etc.). 

In  the  second  form  indoxyl  and  indoxylic  acid  react  with  aldehydes,  ketones,  and 

ketonic  acids, — e,  g,^  benzaldehyde,  p3rroracemic  acid,  etc., — with  the  production  of  so- 

CO 
called  indogenides.    The  bivalent  group,  C9H4<^u>C  =,  is  termed  indogen  (H.  z6, 

2197): 


^H4<NH>C  =  CH  .  C^Hj 
Isdogenldc  of  Benzaldehyde 


.CO 


Indogenide  of  Pyroracemic  Acid. 


Isatin  and  beniene  hydrocarbons  also  yield  indogenides.  Isatin  may  be  viewed  as 
indogen  oxide,  Isatin  converts  indoxyl  (B.  17,  976)  into  the  indogenide  indirubin 
(p.  476) : 


^Hndosyl  isaiio 


IndVrubVn, 
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mhuh  Is  ijom^ric  wiih  indigo  Hue.     The  latter  is  also  pcoductd  by  UKoudnwoof  »■ 
.io\>:  \y  4^} ;  hence  it  may  be  Tiewed  as  diindogcn: 

C.H.<.^^,>C  =  C<^>C,H.. 

Indigo  Blue  (Oiindosen). 

)  Ethozywitnethyl  Indol,  CJl4N(0.  C,Hj^(CH,>.  melting  at  142**,  is  Mad 
from  eihoxyaceioncphtrnylhydrazone,  C.HjNHN  :  C<CH,»CH.i.>C,Hj  (B.  15,  R*!?); 

II  Oxy indol  a  carbozylic  Acid,  melting  at    159°  with  decompcMOOD,  is  r-*-" 
with   iiiilovylic   ackL     It  resolu  on    boiliDg    o-nitrobenzylmalonic  add  with 
livdruxide : 


/NO, 
C  \l  ^ 


C."4v^^^"^>^(^^«)' 


CH,-CH^COOH),  •    *\CH 

a>  wi'11  as  by  the  reduciion  of  o-nitropbenylpyroracemic  acid  with  sodinzn  amaigUL  It 
i>  KMiiily  reduced  to  «i-indoI  carboxylic  acid,  roiassium  permanganate  oudizes  i(,«<k 
the  jMjsMble  intermediate  production  of  phenyl  hydroxy  lamine-o-carboxjlic  acid,  to 
o  :i/'>xyl>cn/oic  acid,  while  with  chromic  acid  it  yields  isatin.  It  can  be  voyeislj 
audylated  «>r  alkylizcd  in  the  NO H  group. 

n'Methoxyindol«i  carboxylic  Acid,  melting  at  185°  with  decomposition U  liso 
t educed  to  indulcarboxylic  acid,  and  oxidized  by  chromic  acid  to  n-Methoxy•l^-iutiD| 

(^M^     ^^  ^  ^^^v>CO,  consisting  of  red  needles,  melting  at  1 10*.    Bleaching  li»e. 

hydroRon  ]K.'roxide,  etc.,  convert  n-oxyindolcarboxylic  acid  into  indozin.  TTiis  is « 
blue  Cf)l<>ro(l,  unstable  dye,  very  similar  to  indigo,  but  soluble  in  alkalies.  Wheo  it  is 
dissolved  in  concentrated  sulphuric  acid  and  the  diluted  solution  is  allowed  to  &tua 
t.'xi)ose<l  !<•  the  air,  indigo  separates.  The  yield  is  good  (B.  29,  639:  30.  1045.  nS:,- 
«/  Phenyl-oxyindol,  C\HjN^CjH3)(OlI),  melting  at  175°.  ii»  formed  in  the  aciion of 
cnnct'iitratrd  sulphuric  acitl  upc»n  benzoTn  oxime.  It  is  doubtful  whether  in  tliis  deriu- 
live  the  hy«lroxyl  grouj)  is  attached  to  the  nitrogen  or  to  one  of  the  C-atom?  ^sce  K  JQi 

Hydroindol  Derivatives  :  A  hydro-derivative  of  indol  itself  is  not  known.  H''' 
rvcr,  \\]ui\  the  alkyl  indols  are  reduce<l  with  tin  and  hvilruchloric  acid,  dilijtiro-tl«i^*- 
lives  h:i\e  bern  pnxluccd.     Thus,  a-methyl  indol  (metliyl  ketol)  yielded  dihydroinethyl 

ketol,  (V.II,     ^,^.'j^j^  .  ClI .  CII3,  boiling  at  227°.     Its  behavior  differs  greatly  fruia  thi: 

of  tin.'  in«)ther  subbiauce.  In  its  proj^rties  it  is  closely  allied  to  the  aikviu'  dKiliKii.  'd 
it>  iclatiniLs  to  t«.traliytlro<iuinaldine,  which  contains  the  six-membered  hydn-gwi^^ 
pyiidiiK.'  riiij^  condensfd  with  the  fxinzene  ring,  it  behaves  like  ethyl-  to  pn^l w.iE< 
(.1//.  //.■/'/.•.',-' 1',  \\,  26,  12S5).  Silver  sulphate  oxidizes  dihydromeihyl  keio!  bad  u 
iiu'thyi  kotol  ( IJ.  27.  S27).  Malonic  ester  and  dihydromethyl  ketol  form  a  uic)d^"«-o 
dcii>atiuii  pn^luct  (IJ.  26,  I298): 

CII, CO 

which  can  also  be  regarded  as  a  derivative  of  a  diketotctrahydnx]uinoIine  (sec  this): 
'/.'/  Dimethyldihydroindol,    C81I^<^t\j*>C  :  (ClI,),,  boiling  at  210°,  is  rtadi!) 

prcMluicd  by  distilling  o-isoi)ropylamidobenzyl  alcohol,  ^^\<^i{  'cn(CH  V 

Oxygen-containing  Dihydroindol  Derivatives.  .., 

UihydroketoTndols  or  Indolinons  have  been  prepared  by  the  condensation  of  aadj' 
"^<>'l.ylphn.ylhydrazides  by  means  of  lime : 

<Vi,N(ai3)Nii.co.cii(CH,),       -^"»     >  V^<n[chj>^' 
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n,/3,/3-Trimethyl  Indolinon,  melting  at   50°  (25°)  and  boiling  at   265°,  is  f(^mied 

_^.rom  isobulyryimethylphenylhydrazide,  and  may  also  be  prepared  by  oxidizing  the  base 

^|H,^NO,  resulting  from  the  condensation  of  isobutylidenemethylphenylhydrazine  with 

iioohoHc  zinc  chloride,  with  an  ammoniacal  silver  solution.     Further,  trimethylindolinon 

kn  alio  been  produced  by  oxidizing  the  so-called  trimethyldihydroquinoline  from  indol 

B(aw  p.  468).     When  reduced  it  again  yields  the  base  C,|H,}NO,  which  is  therefore 

.■obnMy  Trimethyl-a-oxyindolin  (compare  C.  1897,  11,  120).     n,/?-Dimethylindol- 

{maOt  (^H4[C^HNO(CH,),],  melting  at  23*^  and  boiling  at  273-277^,  is  formed  from 

- ttoylauylmethylpheny Ihy drazide  (M.  17,  479). 

^  The  anhydrides  or  lactams  of  some  of  the  o-amido-acids  of  benzene 
belong  here.  They  have  been  previously  described,  but  because  of  their 
intimate  relationship  to  indol  will  be  again  brought  together : 

-;      I.  Lactam  of  o-amidophenylacetic  acid.     This  is  oxindol  or  a-keto- 

..  dihydrolndol  (i9-ketodihydroindol  is    the  ^-indoxyl    which    was   just 

^dcKribed  above). 

a.  Lactam  of  o-amidomandelic  acid.     This  is  dioxindol  or  a-keto-^- 
oxyhydrolndol. 

3.  Lactam  (or  lactime)  of  o  amidobenzoyl  formic  acid.     This  is  isatin 

'  or  m^fi-diketohydrcHndoL 

These  compotmds  change  readily  into  one  another  as  a  result  of  reduction  or  oxida- 
Ihms 

I.  Ozindol,  C;H,N0=C^H4<^^»>C0.      Its  properties  have  been  given  on  p. 


It  was  first  obtained  by  the  reduction  of  dioxindol ;  and  in  a  moist  condition,  on 
to  air  readily  reoxidizes  to  the  latter.     It  therefore  reduces  an  ammoniacal 
rfiver  lolntion.     Nitrogen  trioxide  converts  it  into  isatoxime  (p.  472).     By  reduction  the 
r  becomes  amido-ozindol  and  this  isatin  by  oxidation : 


Oxindol  Isatoxime  Amido-oxindol  Isatin. 

Di-ozindol,  C^H^-c^nh—^^^'  Its  properties  are  given  on  p.  251.  It  is 
mdily  obtained  by  boiling  isatin  with  zinc-dust  and  hydrochloric  acid.  It  oxidizes 
flndily  in  aqoeous  solution  to  isatid  and  isatin.     It  is  also  obtained  by  the  reduction  of 

3.  Isatin,  ZJa/    ^QO,  or  Q^^\  J^^ .  OH.    Its  properties  are  given  on  p. 

258.     The  following  methods  for  its  formation  may  be  especially  mentioned : 

1.  The  oxidation  of  indigo  with  nitric  acid  (Method  of  preparation^  J.  pr.  Ch.  [2], 
14,11;  15.434). 

2.  The  oxidation  of  oxindol  and  dioxindol, 

^  The  action  of  alkali  upon  o-nitrophenylpropioHc  acid,  when  there  occurs  at  first 
A  rearnuigement  into  isatogenic  acid,  which  then  loses  carbon  dioxide  and  becomes 
iiatin: 

<^H.<£y -^^^^  -^CH /'^>C.CO.H_^CH,/^>C(OH) 

o-NiiropbcnylpropioUc  Acid  Isatogenic  Acid  Isatin. 

If  a  redocing  agent  be  added  to  the  alkaline  solution  of  the  o-nitrophenylpropiolic 
^cidy  iudfgif  will  result  instead  of  isatin  (see  below). 
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BekavUr  : 

•N.COOH  .,.    ^^^_, ^  „ 

(I)  Isaiak  Acul^QJi\i\^±^  »  u  fanned  when  uatusoudiaedauiiHHKfll 

in  glacial  acetic  acid  loluUoii.  .  ,, 

Isatin  yields  nitrasalicyiit  atid  when  oxiduBed  with  nitric  add.    U)  Wm  nan 

with  ammonium  sulphide  we  get  lint  isntid,  C|«H|,N|0.,  then  diouadol  and  uiiriil 


It)  Ammonia  and  primary  amines  form  ImesaUns  of  the  gcneial  fafmla 

^  f^^v         >CO,  vl^^v  rn^hxa  digested  with  alkalies,  decompose  again  iakiBrih 

amines. 

o  l*henylenediamioe  yields  indopkenatine{fi,  ag,  194,  lojo) ;  piperidinepddsa^ 
pfnJyiisaiiM,  C.II,NOi[N'C|n,,)„  which  can  be  converted  into  a  dye— uatia  iih^- 
similar  to  indigo  ( H.  24, 1 366) .  (4)  Isatin  condenses,  further,  with  benxenc  hjdraariioiii 
phenols,  etc.  Water  exit  occurs.  It  forms  with  thiophene  the  blue  dye  i'a/ffc»n 
(i 'gll.NO,  +  C^H^S  — 11,0).  Similar  products  are  obiained  with  fuifnraae  sad  lyw- 
(5)  The  hydroxy  1  or  lactime  formula  of  isatin  famishes  alkali  salts;  from  the*iakiin 
uf  the  latter  silver  nitrate  precipitates  ailver  isatin,  C;H^(OAg)NO,  with  wttdiiiyl 
iodides  yield  Oalkyl  isatins:  Methyl  Isatin,  C;H«(C)CHa)NO,  melting  at  Wf\ 
Ethyl  Itatin,  C.HiOC,lL)NO,  melUng  at  88^  which  can  be  resapootfied  toiotii* 

')  'h   ■       ^ -..--- 


isatiiiates.  (6)  llie  keto-  (lactam  or  pseodo-)  form  of  isatin  yields :  n-Metfayl-l 
C'.H^ :  (C,0,N— CH,).  melting  at  I34^  and  n-Ethyl-^isstin,  melting  at  95».  Tlw 
are  obtained  by  the  action  of  NaOBr  upon  n-methyl  and  n-ethyl  indd  (p.  4'^}*  ^ 
second  comixHind  is  also  formed  from  ethyl- ^f^jaatin  ethylozime  (see  below).  a-Ac^ 
^-  isatin.  VA\^ :  (C^O,C .  C^H,0)  (p.  258),  is  obtained  from  isatin  and  acetic  nfajdiiit 
(7)  Similarly, /w  li^w/rtV  isoniir0i9'€9mpmmdi  are  derived  from  isatin:  ivIonBeiH 
p*»eudoisatoxime. 

/CrrzNOH 

Isatoxime,  C'^H^X    XpQii  ,  melts  at  202<^,  with  decomposition.     It  b  pitiand 

from  isatin  and  hydroxy! amine ;  or  from  oxindol  by  action  of  nitrous  acid,  and  when  it* 
duccd  it  yit'Kls  so  calleti  amido-oxindol,  which  can  be  oxidized  to  isatin.  By  tbc  sac- 
cossive  action  of  ethyl  iodide  upon  the  silver  salt  we  obtain  a  mono-  and  a  dietkyl^^ 
tive  fnmi  which  isatin  (H.  x6,  1706)  is  formed  aAer  saponification,  which  wouM  iodic* 
that  the  ethyl  groups  are  combined  with  oxygen. 

Pseudo-isatoxime,  C,!!^  r  >^\ i>C  =  N  .  OH,  melting  with  decompositioo  tt  aoo", 

is  prepared  by  the  action  of  nitrous  acid  upon  ethyl  indoxylic  acid.  Ethyl  iodide  cob- 
vtTis  it  into  (x)  a  mono-  and  (2)  a  diethyl  deriTative.  The  first  alone  yields  inMi 
whereas  the  second  is  converted  into  n-methyl-y^isatin  : 


.CO .  C(N .  O .  C,H.)  .CO .  C(N . 

I.C,h/    /  and    II.  C.h/     / 

\nII  ^N.CjHj^ 


.O.C^HJ 
Pseudoisatin-cthoxime  n-EthylM^isatin-ethozime. 


The  reduction  of  n-ethyl-V'i'^tin-ethoxime  produces  n-diethyl  indigo  (B.  16,  2J01I 
A  dioxime  is  formed  by  n-acetyl-V^-isatin  and  hydroxylamine.     i£e  B.  29,  1030,  fo 
isatin  semicarbazone,  C8H5NO( :  NNHCONH,). 

8.  Isatin  Chloride,  C;Hy      ^ca,  melting  with  decomposition  at 

'?o**,  is  produced  by  digesting  isatin  with  PClj  in  benzene  solution,  /j 
oissolves  with  a  blue  color  in  ether.     It  is  reduced  in  glacial  acetic  add 
^^^tion  by  hydriodic  acid  or  by  zinc-dust  to  indigo-blue  : 

«c.H /J^xca— -*!! s^CH /^°-5i£:^>c.H.  +  .Ha 

\N  ^  \NH        HN  ^ 
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We  can  also  obtain  from  the  isatins  substituted  in  the  benzene  nucleus 
■nbstitution  products  of  indigo-blue:    dibrom-,  dinitro-^  and  dimethyl 

Indigo-blue  i^Indigotin),  CH^<^^>C  =  C<^>CJI^,  constitutes  the 

jprincipal  ingredient  of  commercial  Indigo,  derived  from  different 
ItuUgafera  and  from  woad  {/satis  tinctoria).  It  occurs  in  these  plants  as 
A^ucoside,  called  indican,  which  parts  with  its  variety  of  glucose  and 
becomes  indigo-blue,  when  boiled  with  dilute  acids,  or  if  acted  upon 
with  a  ferment  (if  the  various  portions  of  the  plant  be  covered  with 
waler  and  exposed  to  the  action  of  the  air).  The  indigo-blue  separates 
In  the  form  of  a  powder. 

GommercUl  indigo  contains,  in  addition  to  20-90  per  cent,  of  indigo-blue,  various 
'  er  lahrtances,  which  have  not  been  well  studied,  like  indigo  gluten^  indigo-braitm, 

1  imdigo-red^  which  are  removed  by  successive  treatment  with  dilute  acetic  acid,  caustic 

■sh,  and  hot  alcohol. 

A  better  procedure  consists  in  first  reducing  indigo  by  means  of  grape-sugar  and 
Mdimn  hydroxide  to  soluble  indigo- white,  which  can  then  be  oxidized  to  indigo  blue  by 
dw  cvposnre  of  the  alkaline  solution  to  the  air,  when  the  indigo-blue  will  separate  in  a 
pve  condition  T A.  195,  305). 

JHSsimif:  Indigo  was  in  ancient  times  highly  prized  as  a  dye  by  the  Oriental  nations 
(DioMondes,  Pliny:  Ivduunf^  indicum).  In  Europe  it  found  general  application  in  dye- 
nf ,  from  the  opening  up  of  sea-intercourse  with  the  East  Indies  to  the  1 6th  century. 
To-day  the  production  of  indigo  from  plants,  chiefly  in  Bengal,  Java,  Central  America, 
b  about  8,300,000  kg.,  equivalent  in  money  to  about  ^20,000,000. 

In  the  period  of  the  alchemists  indigo  was  quite  frequently  considered  in  Europe  as 
a  mineral  or  metal  (compare  Schultz:  Steinkohlentheer,  2  Auflg.  Il,  883),  presumably 
becanse  of  its  copper-like  lustre.  More  careful  investigations  into  its  chemical  nature 
were  fint  instituted  in  this  century.  Erdmann  and  Laurent  observed  simultaneously 
(1841)  that  nitric  acid  oxidized  indigo  to  isatin,  while  Fritzsche  found  (1848)  that  aniline 
malted  when  it  was  distilled  with  caustic  potash.  Baeyer  and  Knop  (1865)  reduced 
k  In  dioxindol,  oxindol,  and  indol.  The  latter  body  Baeyer  and  Emerling  (1869)  ob- 
tained sjmthetically  from  onitrocinnamic  acid,  and  when  Nencki  (1874)  succeeded  in 
OKidiiing  indol  to  indigo  with  ozone,  the  first  synthesis  of  this  interesting  compound  was 
achieved  (compare,  however,  Engler,  B.  28,  312).  Baeyer  and  his  students  (i870-'78) 
demonstrated  the  constitution  and  synthesis  of  oxindol  or  o-amidophenyl  acetic  acid 
lactam,  its  conversion  into  isatin,  as  well  as  various  methods  for  the  conversion  of  isatin 
into  indigo  blue.  Claisen  and  Shadwell  (1879)  also  obtained  isatin  from  o-amidobenzoyl 
iormic  acid.  Baeyer  (l88o-*82),  by  a  series  of  new  syntheses  of  indigo,  produced  more 
certain  evidence  of  its  constitution  and  found  easy  methods  for  its  production.  These, 
ind  even  later  Sjmtheses,  have,  however,  not  succeeded  in  fulfilling  technical  expecta- 


Syntheses  of  Indigo-blue :  Different  methods  of  producing  indigo 
have  been  presented  in  the  preceding  paragraphs.  A  particularly  easy 
procedure  is(i)  the  oxidation  oiindoxyl^p.  468)  with  ferric  chloride  and 
hydrochloric  acid : 

as  well  as  (2)  the  reduction  o(  isatin  chloride  (p.  472) : 

«<;« /^>Ca  +  4H  =  C.H /^^>C  =  C<^H>C.H.  +  .HCL 
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Syntheses  3,  4,  and  5  commence  with  o-nitrocintuumic  add^  which  can  be  preptre 
in  the  following  manner  from  the  elements :  _ 

Acetylene,  synthesized  from  carbon  and  hydrogen,  pclymerues  to  bensene.  Bron 
benzene  with  methyl  iodide  and  sodiam  yields  toluene,  which  chxomyl  chloride  c 
something  of  that  nature  will  convert  into  benzaldehyde.  The  latter  is  changed  by  acdi 
anhydride  and  sodium  acetate  into  cinnamic  acid,  which  npoo  nitration  is  munly  change 
^  o-nitrocinnamic  acid : 

CHZ^H>  C,II,>C^H4Br>C,H5XH,>C^H5CHO><^HjCH:CH.COOH>C^H4 1  [3^.^  ^^^ 

3.  Potassium  permanganate  oxidizes  o-nitrocinnamic  acid  to  o-nitra 
benzaldehyde,  which  condenses  with  acetone  to  o-nitraphefiyl  lactU  add 
methyl  ketone.  The  alkalies  decompose  this  ketone  quite  readily  intc 
acetic  acid,  water,  and  indigo-blue : 

^^•"*<n2''"^  *  ^^^'^'  """•  =^"4<S?I>^  =^<OT>'V«4+  aCH^COOH  -h  2H,0. 
o-Nitrophenyl  Lactic  Acid  Ketone  Indigo-blue. 

4.  0-Nitrocinnamic  acid  is  changed  by  means  of  the  dibromide  into 
o-nitrophenylpropiolic  acid.  Alkaline  reducing  agents  cause  a  re- 
arrangement to  isatogenic  acid,  and  then,  by  the  elimination  of  carbon 
dioxide,  produce  indigo : 

/CI  C.COOH /CO>c.COOH 

Isatogenic  Add 

•  *\n— 6  ^  *\nh/        \nh/^  * 

Indigo-blue. 

5.  On  the  other  hand,  by  exit  of  CO,  from  o-nitrophenylpropiolic  acid,  o-nitrophcnyl 
acetylene  is  produced.  Potassium  ferricyanide  condenses  its  copper  derivatiTe  to  di- 
(o-nitrophenyl)-diacetylene  (p.  380),  which  alkalies  rearrange  to  di-isatogen,  and  re- 
ducing agents  change  to  indigo-blue  : 

Copper  o-Nitfophenylacetylide  y/'     Di-(o4iitrophcnyl)-diacetylene. 


C  H  /^^>C-C<CO\  H  CO  ^c  -  C^CO  ^p  „ 

Di-isatogen  Indigo-blue. 

The  following  indigo  s)mtheses  are  very  simple  : 

6.  P'usion  of  bromacetanilidey  CjHj  .  NH  .  CO .  CH,Br,  with  caustic  potash.  The 
indoxyl  formed  at  first  is  then  oxidized  by  the  air  to  indigo-blue  (B.  33,  3289). 

7.  Indigo  can  also  be  formed  by  fusing  phenylglycocoU^  Q^  •  NH  .  CH- .  CO,H, 
with  potassium  hydroxide.  Tolyl-,  xylyl-,  naphthyl-,  phenyunethyl.  glycocoll,  behaTC 
similarly  and  yield  indigo-blue  deriTatives  (B.  23,  3043,  3431 ;  24,  R.  380;  25,  R.  488; 
26,  2547).  Phenylmethyl-  and  phenylethyl  glycocoll,  when  acted  upon  with  fuming 
sulphuric  acid  (B.  26,  R.  633),  form  their  corresponding  indigo-sulf^nic  acids. 

f OCH 

8.  The  careful  heating  of  oniiroacetophenone,  C^H^-^j^q      »,  with  anc-dust  yields 

a  sublimate  of  indigo-blue  (B.  28,  309). 
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foi/.o.iwfrwir//^;im<wi/,  C;H^<^q^"*^^-^«"»,   readily    breaks   down 

influence  of  sonlight  into  indigo- blue  and  benzoic  acid  (B.  a8,  2497). 
production  of  in^go  when  ethylene  anthranilic  acid, 

I. CH, . ^^V^^>C,H^  b  fused  with  caustic  potash  belongs  to  this  class 
Bs  (B.  a8,  1685). 

itntion  of  Indigo-blue :  The  formula  adopted  for  indigo  is 
on  the  following  facts : 

5  vapor  density  corresponds  to  the  molecular  formula  C,«HioN,0,. 
t  ready  formation  of  indigo-blue  from  indoxyl  and  isatin,  as  well 
y  conversion  into  these  bodies  and  into  other  indol  derivatives, 
ument  in  favor  of  the  view  that  the  indigo  formula  is  produced 

ttion  of  two  groups,  C,H^<j^>C: 

It  these  two  residues  must  be  linked  to  each  other  by  C- 

1  evidenced  by  the  synthesis  from  di-(o-nitrophenyl)-diacetyl- 

j  above),   which  would   indicate    that    diphenyl  diacetylene, 

C  —  C  :  C  .  QHj,  is  the  parent  hydrocarbon  of  indigo  (see  p. 

5  formation'of  n-diethyl  indigo  from  n-ethyl-^-isatin  shows  the 
of  NH-groups  (p.  472). 

'fi'es:  Indigo-blue  is  a  dark-blue  powder  with  a  reddish  glimmer; 
es  metallic  and  copper-like  under  pressure.  It  sublimes  in  cop- 
metallic,  shining  prisms.  It  is  insoluble  in  water,  alcohol,  and 
alkalies  and  dilute  acids,  and  is  odorless  and  tasteless.  It  dis- 
hot  aniline  with  a  blue,  in  molten  paraffin  with  a  purple-red,  color 
x>rtment  recalls  the  various  colors  of  iodine  solutions),  and  can 
ilized  from  these  solvents.  It  crystallizes  from  hot  oil  of  turpen- 
eautiful  bluej)lates.  Heated  at  the  ordinary  pressure  it  partially 
ises  and  is  converted  into  a  dark-red  vapor.  The  same  occurs 
omposition  under  30-40  mm.  pressure.  See  B.  18, 1426,  for  the 
m  spectrum  of  indigo  and  its  derivatives. 

wool)  are  dyed  in  two  ways  with  indigo :  (i)  the  wool  is  immersed  in  the 
»lntion  of  indigotin  sulpbonic  acid,  which  nxes  itself  directly  (Saxony-blue 
r  (2)  the  indigo-blue  is  changed  by  fermentation  to  indigo- white  (indigo-vat), 
aturated  with  the  latter  and  exp(4ed  to  the  air,  when  indigo-blue  forms  and 
iipoo  the  fibre.  (3)  In  printing,  a  mixture  of  o-nitrophenylpropiolic  add  and 
!  reducing  agent  are  sometimes  substituted  for  the  indigo.  Steaming  causes  the 
of  indigo-blue. 

:ently  the  bisulphite  derivative  of  o-nitrophenyl-lactic  acid  ketone  has  been  used 
lerable  success  as  the  inifi^o  salt.  When  printed  in  mixture  with  alkali  and 
ed,  it  changes  to  indigo-blue. 

ives  of  Indigo-blue:  Dichlor-,  dibrom-,  dinitro-indigos,  have  been 
romi  substituted  isatins  and  o-nitroacetophenones  (see  methods  of  formation  2 
Bs>3,5Dimethyl  Indigo,  (CH,)C,H,(C,0,N,H,)<^H,(CH,),  is  formed  from 
Ibluic  aldehyde  (compare  method  of  formation  3,  p.  471).  n-Diethyl 
^^H^:  C^ON.C^Hj),,  is  produced  from  n-ethyl-^  isatin  ethyloxime  (p.  472). 
9-NAphthyl  Indigo,  (CjoH^ :  C,ONH),,  are  produced  by  melting  together  the 
~' — \  with  chloracetic  acid  and  caustic  potash  and  then  oxidizing  in  accord- 
1  7  for  the  production  of  indigo-blue  (B.  26,  2547). 
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I  -.  :.i  i  L :  1.: .  «  .n  z-z.:e^tr%:td  szil; hur'c  icid  w.ih  a  green  cokx-.     After  the  solut 
hjA  been  digoud  ior  icne  txne  iad4**in  monnwjlphoBic  mad^JfUaunm  smlfku 

faf'oTn  bhie  powder.    It  jpy  iritt  «A  a  p^Cnd  cafar^Aot  ne  nUfe 

ladiBD  Pk^tiuajlM,*A!3rOai$v5^0^     ■  < 

dcnjde. 

Indigo-whitc,  ChH|,KA>  »  obtained  Iqr  Ae  lednctkMi  of  indig 
blue  (see  above).  It  can  be  pfcdpitated  fron  ilB  alfcalinr  aolntion  I 
hydrochloric  acid  (air  being  ezclnded)  ai  a  while  ciTilalline  powde 
solable  in  alcohol,  ether»  and  the  alkalici^  with  a  jcDowidi  color.  As 
results  from  indigo  by  the  absorption  of  two  hydrogen  atoms*  and  becan 
of  its  phenoMike  nature,  it  is  ascribed  the  ibrnuda  of  a  S-Aubo^: 


It  rapidly  re-ozidizcs  to  indigo-Une  by  caposiue  to  the  air.    It  yield 
di-indol  when  heated  with  ba^ru-water  and  zinc-dnst. 


Indigo-red  and  indigo  fmrpmrim  are  JTOiacridci  of  iad|fi>4itae.    The  it 
commercial  indigo,  while  the  second  is  prodaecd,  togetha  widi  iadiiBO*  ^om  vsHol 
chloride. 

fndirmbin,  the  indogenide  of  psendoisatin,  and  imdim^  fbnaed  fron  inlid  bj  foaoi 
with  caostic  potash,  or  from  dioxindol,  are  identical  with  indign  pmiiin  (B.  flS,  $40). 

CH^"\  c c  y^^sm 

8.  Dit>enxofarfurane,  Diphenylene  Oxide,   I  11  il  i 

melting  at  81^  and  boiling  at  288^,  occurs  in  small  quantities  in  '^stnbb-fiit,'*  and  may  be 
obuined  synthetically  ( I )  by  distilling  phenyl  phosphate  (p.  147)  with  lime ;  (2)  fay  the 
same  treatment  of  phenol  with  lead  oude  ;  (3)  on  conducting  phenyl  ether  tfaioogfa  tubes 
heated  to  redness ;  (4)  by  decomposing  the  diazo-deriTative  of  o-amido-phenyl  ether  with 
sulphuric  acid  (compare  p.  147  and  B.  ag,  1876)  ;  and  best  by  the  action  of  dOute  adds 
upon  the  tetrazo-compound  ojf  o,-diamido-diphenyI  (p.  337)  (B.  15,  2746) : 

Bromine  converts  diphenylene  oxide  into  dibtomdiphenylene  oxide,  melting  st 
185^.  Fuming  nitric  acid  changes  to  dinitrodtphenylene  oxide,  melting  at  Joo^. 
Diamidodiphenylene  oxide,  melting  at  188^,  yields  Tahiable  snbstanthre  aao-dyes  (p. 
338).     Acetyldiphenylene  oxide  melts  at  81^ ;  iee  B.  94,  R.  744. 

CH^"\C C/^'^^^^CH 

9.  Dil>enzothiophene,  Diphenylene  Sul{^ide,  I  U  U  It 

melting  at  97^  and  boiling  at  333<»,  is  produced  when  phenyl  dlsnlphlde,  (C|H,)^  and 
phenyl  sulphide,  (CgH.),S,  are  distilled  through  tubes  heated  to  redness.  Qnooric  acid 
oxidises  it,  in  contradistinction  to  thio|)hene  (p.  453),  to  d^enylene  aQlfAone, 

C||  Hg  ^^  C|^fig 
(C^H«),SO„  melting  at  230^^.    Dlnaphthylene  ThloplitiM»  \/  »  mehing 

S 
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9k  I47^>  is  coosdtnted  analogously  to  dibensothiophene.     It  results  when  concentrated 
MlfilMiiii  acid  acts  upon  dioxjdinaphthylene  sulphide  (B.  27,  3002). 
10.  Dibensopjrrrol,  Diphenyleneimide  or  Carbazole, 

CWN=|  II  II  II    .melting  at  238°  and  boiUng  at  35 1^ 

ocean  in  crude  anthracene.     It  is  withdrawn  from  it  as  carbazole-potassium  by  fusion 
with  canstic  potash.     It  may  be  synthesized : 

(l)  By  conducting  diphenylamine  through  tubes  heated  to  redness ;  (2)  by  heating 
Ihiodtpbeoylamine  with  copper  in  powder  form  ;  (3)  by  distilling  o-amidodiphenyl  with 
liiBe  (B.  34,  306) ;  (4)  by  heating  odiamidodi  phenyl  with  acids  (H.  25,  133) ;  (5)  from 
o-amidodipbenylamine  through  the  diazo-compound.  The  phenylazimidobenzene,  pro- 
daced  at  first,  yields,  when  exposed  to  a  higher  temperature,  nitrogen  and  carbazole 
(A.  391,16): 

(«)  <^H,<N„>CeH,-  carbazole  \_c.H.<g(^»"»)>N  (5) 

Bekavior:  Carbazole  gives  iht  pine-shaving  reaction  (p.  457)  and  the  blue  coloration 
with  sulphuric  acid  and  isatin  (p.  453),  just  the  same  as  the  pyrrol  and  most  of  the  indol  de- 
livatiTes.  This  and  its  other  deportments  would  justify  the  conclusion  that  it  is  dibenzo- 
pyrrol  or  benzoTndol — e.  g.y  tetrahydrocarbazole,  when  fused  with  potassium  hydroxide, 
Dreaks  down  into  a-indol  carboxylic  acid : 

XH.  .CH.  XH^  vCIIjv 

HC^     ^c c^     ^CH  CH^     ^c c^      ^cn, 

I  II  II  I     >  I  II  11  I       ^ 

^CH^    \nh/^^H^  Vh/    \nH^  -^Ch/ 

cn^     ^c CH 

J  II         IL 

Clk  ,C  .C .  CO-H. 

Carbazole,  like  pyrrol,  is  a  very  feeble  base.  It  forms  a  stable  salt  with  picric  acid  ; 
Hat pii rate  melts  at  182^.  Nitrous  acid  converts  it  into  nitrosocarbazole^  [fZJiX^J^ ,  NO, 
melting  at  84**.  Heated  with  potash  it  yields  carbazole- potassium^  (C,H^),NK.  Alkyl 
iodides  convert  this  into  n-methyl  carbazole,  ((^^H^jN .  CH,,  melting  at  87^,  and 
n-etbyl  carbazole,  (CfH4).N.  C,!!.,  melting  at  68°.  Carbazole  and  acetic  anhydride 
yield  n-acetyl  carbazole^  (^«H^),N  .  CfOCHj,  melting  at  69®.  Chlorine  produces  various 
iklorcarbazoleSf  nitric  acid,  nitrocarbazoles  (A.  202,  27  ;  H.  29,  R.  292,  650,  1112^.  See 
p-  338  for  diamidocarbazole.  When  carbazol  and  oxalic  acid  are  fused  together  Tri- 
carbazole  Carbinol  or  Carbazole  Blue  (compare  p.  358)  results.  Dimethyl  Carbazole, 
Ditoiylimide^  (CH, .  C0H,),NH,  melting  at  364^,  is  made  from  o*toluidine  by  the  pyro- 
genic  method  (B.  29,  2594). 

ifydrpcarhawles :  Tetrahydrocarbazole,  ^•^*\^jj/^«^^*'  melting  at  119%  re- 
tails from  the  reduction  of  carbazole,  as  well  as  from  the  phenylhydrazone  of  kctohexa- 
methylene,  analogously  to  Fischer's  indol  synthesis  (p.  296).  It  behaves  like  an  alkylic 
indol  (compare  hydronaphthalenes,  p.  466).  When  acted  upon  by  alkyl  iodides  or  with 
chlofoiform,  it  passes  in  a  similar  manner  into  acridine  derivatives,  just  as  the  indols 
qidnoUne  compounds  (Gaz.  chim.  ital.  24,  ill).     By  the  potash  fusion  it,  like 
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tbc  mlkylic  indoU,  yields  indol  carboxylic  acid  (see  above  and  B.  16,  2006).  Tetnbf- 
drocarbaxole  CarboxyUc  Acid,  ^"«  \  jj  ^^  /  ^^t  ■  ^^^"' melting  at  230",  iifamd 
frum  the  phenylhydrazone  of  ketohexahydrobenzoic  acid  (p.  joi)  (B.  sa,  2185). 
Hexahydrocarbaxole,  ^*  ^X^jX^  >•*  melting  at  99**  and  boiling  it  267*.  ill 
strong  base  (A.  163,  352),  just  like  the  pyrrol  and  indol  hydrides  (pp.  461.470)- 

The  following  are  similar  to  carbazole  in  method  of  production  and  in  their  behavior: 
Phenylnaphthyl-carbaaole  or  Naphthophenocarbaxole,  ^     Nj^h/  (^ 

27.  3066),  melting  at  330^,  occurs  in  coal-tar  (B.  xa,  2242).  An  isomeric  napfathfr- 
phenocarbaaole,  melting  at  120^,  is  obtained  by  a  zinc -dust  distillation  from  its  rarA»F&' 


iji  iJ,  i\U^ .  NH  .  CjpHj .  COOH,  melting  at  335®,  which  results  from  the  indole 

(ion  of  phenylhydrazine  with  2,3-oxynaphtboic  acid  (p.  408).   Dinaphthyl-cafbankci 

Dinapbtho-carbazole,  ^»»    •\jjn/   "    • ;  the  a-^ot/y  melts  at  2I6^  and  the^am- 

pound  at  170^  (B.  19.  2242). 


B.  POLYHETEROATOMIC  FIVE-MEMBERED  RINGS. 

The  acetals  and  mercaptals  of  ethylene  glycol — e.  g,^  ethylene-ethidene  ether, 
CH,  _  O  CH-  —  S 

I    '  >CH  .  CH,,  and  ethylene ditkioethidene,    1     *         >CH  .  CH,  (i,  298, 305)- 

I      II,,    \  )  K^tim  — ^    O 

are  five  mcml>ered  rings  with  two  O-  or  S-atoms.  This  is  also  the  case  with  the  ethylene  Rien 

of  the  carbonic  acid  group — f.  ^. ,  carbonic  ethidene  ester ^  \      *  ^CO,  and  triO^'^^ 

Q\\   s  ' 

f  arbonic  ethylene  ester ^   1^    '  >CS  (l,  392),  the  ethidene  esters  of  a-oxyaciJs— ^-  /t 

CH,— CH  — O  ,   . 

hutii  ethidene  ester ^  1  >CH  .  CH,,  and  chloraiide,  its  chlorination  product 

{h  340).  ...  .    , 

Several  five-mcml)ered  cyclic  esters  and  amido-derivatives  have  also  been  obtained 

from    phosphoric   acid — e.  g,^    the   lactone  of  benzoylphenylhydrazido-phosphoric  acid, 

P^  y  1*0011,  which  results  on  treating  the  reaction  product  of  PCljsnd 

iH'ii/oylphenylhydrazine  with  methyl  alcohol.     o-Toluylene  diamine  and  PCIj  or  PCI, 
yield  compounds  like  C-Hg<  ^!||>P0 .  Nil .  C,H, .  NH,. 


AZOLES. 

There  is  another  group,  of  greater  importance  than  those  discussed.  I^ 
comprises  the  bodies  containing  polyheteroatomic  five-membered  ring>. 
which  are  embraced  under  the  name  azolfs  (A.  249,  i ;  B.  24,  2824;  ^• 
22,  R.  737).  They  contain  as  hetero-atoms  N  and  O,  N  and  S,  or  only 
N-atoms.  We  may  view  them  as  derived  from  the  monohetero-atoinic 
rings— furfurane,  thiophene,  and  pyrrol — by  the  replacement  of  methine- 
groups  by  N-atoms,  whereby,  as  previously  indicated,  the  stability  of  the 
ring  is  very  slightly  affected.     Viewing  the  numerous  classes  of  bodies 
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longing  here  as  ring-azo-substitution  products  of  the  monohetero- 
imic  rings,  we  arrive  at  a  natural  systemization  of  the  former,  and  also 
ich  a  simple  nomenclature  for  them,  which  in  many  instances  is  quite 
iiilar  to  the  names  which  have  become  peculiar  to  the  individual 
naps.  The  individual  azoles,  depending  upon  whether  they  are 
rtved  from  furfurane,  thiophene,  or  pyrrol,  by  the  replacement  of  one. 
Of  or  three  CH-groups  by  N-atoms,  are  designated  as  furo-monazoles, 
k>-diazoles,  pyrro-triazoles.  To  distinguish  the  metameric  rings  the 
ithine  groups  of  furfurane,  etc.,  are  termed 

[blCH  =  CH[a] 
It  t"i].  [h]i  [bj        I  >  R  >  and  the  substituents  as  a,  a„  8,  fi,  (p. 

[b,]CH  =  CH[a,], 

3,  so  that  we  distinguish  ^ro-ldLymonazo/e,  furo-\h']-monazoie,  pyrro- 
-^axale,  pyrrO'\i^'diazole,  pyrro-\ib^'diazole^  etc.     Retaining  the 
i  of  the  individual  bodies  and  the  groups  introduced  by  their  dis- 


verers,  there  will  in  the  following  page  be  placed  at  the  beginning  of 
ch  individual  group  the  names  resulting  from  the  introduction  of  the 
iinenclature  just  described.  This  will  render  the  constitution  and  the 
•ition  of  the  azoles  in  the  system,  which  follows,  very  evident : 


CH  =  CH 
c!h  =  CH-^ 

Pnrfnrane 
CH  =  N 

c!h=ch-^ 

Pnn>-[a}-nionazoIe, 
Isojuzole  (p.  493) 

N  =  CH 

Faro-(b1-inonaKoIe, 
Ozazoles  (p.  502) 

CH  =  N    ^ 

Fiiro-[aai  ]-diazole, 
Fnnuanes  (p.  514) 

N=rN 

(}h=CH'^ 
ParcKabH  iazole, 
ABhydiiaes  of  o-Diazo- 
pbcnols  (p.  5x6) 

N  =  CH    ^ 

Faro-[bbi><]  iazole, 
Osybiazofes  (p.  5x6) 

c!h=n  >^ 

Fwo{ab|><liazole, 
I  (p.  515) 


CH  =  CH 

(iH  =  CH^ 

Thiophene 

CH  =  N 

(iH  =  CH'^ 

Thio-Tal-monazole, 

Comp.  Benzisothiazole 

(p.  507) 

N=rCH 

(!h=ch^ 

Thio-[bl-inonazole, 
Thiazoles  (p.  504) 

CH  =  N 

Thio-[aai]-d  iazolet, 
Piaztbioles  (p.  518) 


N  =  N 

(!h=ch'^ 

Thio-[abl-d  iazole, 

Anilidothiobiazole, 

Pbenylenediazosul- 

pbides  (p.  517) 

N  =  CH 

1^  =  CH>^ 
Tbio-(bbi]-dIazole. 
TbiobiazoUnes  (p.  517) 

N=CH     ^ 

^H=N   >^ 

Thio-[abi]-d  iazole, 
Azosulphimes  (p.  517) 


CH  =  CH 

(}h  =  CH 
Pyrrol 


>NH 


CH  =  N 

Pyrro^al-monazole, 
Pyrazole  (p.  4S0) 

N=cn 
(!h=ch"^ 

PyiTj>-[b]-monazole, 
Imidazoles,  Gly- 
oxalines  (p.  496) 

CH  =  N 

Pyrro^aail-diazole, 
Osotriazole  (p.  508) 


>NH 


N  =  N 

c!h=ch" 

PyiTO-[ab}Kliazole 
(p.  510) 


PyiTo-[bbi]-diazole 
(p.  5") 

N  =  CH 

Pyrro-[abi  )-diazole, 
Triazoles  (p.  511) 


48o 


ORGANIC  CHEMISTRY. 


N         N.   ,., 

(Cuni|>.  B.  99.  2492) 

Thi«K»bb,Hn*xol««. 
Triazsulpholcs  (p.  518) 

FrrMabbiHriaak 
TctniolcsU>-54) 

1          >o 
N       N 

N  =  N 

S:> 

The  i>arciit  substances  of  all  the  rings  just  given  have  not  been  prepucd.  In  ■ 
instiiiict's,  however,  their  next  homologues  are  known  ;  in  some  cases  onlj  the  km 
(leriv.itivcs.  Only  single  representatives  of  the  furo-  and  thiotriazoles  are  knovn  tf  d 
{>rcs('nt  lime.  It  is,  however,  not  impossible  that  by  synthesis  thrse  rings,  couirtB 
iiuiinly  of  inor|;anic  elements,  may  be  multiplied  and  the  system  enlarged.  lodeed.^ 
iiiny  smiecd  tu  such  a  degree  that  the  purely  inorganic  rings — ^. /*.,  those  oooftrad 
from  four  N  atoms  and  an  NH -group — will  be  prepared.  This  would  be  1  n 
h(iiii(>U>uu<:  of  hydrazoft  acid.  From  the  standpoint  of  a  nitrogen  ckemiiiry^  C-coi 
lainin^  rin^s  could  be  as  readily  evolved  from  the  nitrogen  ring  by  replacing  the  N-tfi 
with  dl  groups,  as  was  suggested  above  in  the  reverbe  case. 

The  immemus  and  imfxirtant  pyrazoUs^  together  with  their  benzo-derivatiyes,  then^ 
zol  s^  c(>nsi>ting  of  dihetero-atoniic  rings,  will  l)e  next  discussed;  then  will  ibllovll 
i.i,'.v./:«*Vj,  with  their  ^t-z/ctt-derivativcs,  the  indoxazenes.  After  this  will  appear  tbejl; 
ox.iliiiohor  imUttzoles^  the  oxazt*lfs^  and  the  thiazoles^  sometimes  in  conjunction  with  the 
I K'ii/«)  derivatives,  which  it  is  customary  to  consider  under  the  name  of  «i«A>'rf)^^ 
il>l>  '>S.  I5,>,  157),  In^cause  they  are  fonned  from  o  diamines,  o-amidophenols,  and  o-«mifc 
())ii>lil)('iioIs  with  carlioxylic  acids  1 7  the  exit  of  water.  In  the  trihetero  atomic  nog! 
n^:iiu,  tin-  ijruui^s  of  the  ]n'rro<liazoIes  or  triazolfs  are  placed  lirsl  ;  the  jzimiJtsm 
/-  :u,i.\t.i't:!iirs  Ih1<»iij»  to  their  iH'nzoderivalivcs.  Attached  to  these  are  the  furodiiwb 
llir  ///r./../;/.  .,  ,/tii,oo\t\ffS,  oxy/n'tizo/rs^  azoxinifs  :  and  the  thii\iiaz0le5 :  az^iul^^^ 
t':i.'hi,n,\in  „  pi.i.thiolf^  (phtM/t'fio/s),  Mi<»-[ab]-<//c/Ct'/^j,  and /"/uny/enfjiazifjiii/^i^ 
The  //  i,i:  .//.'/'/ti.'/t'i  and  /t/fiiz.'/fs  conclude  the  list. 


I.  PYRAZOLE-  OR  PYRRO-[a]-MONAZOLE  GROUP. 

ryra/i)K-,  CII^X,,  may  he  regarded  as  derived  from  pyrrol  by  replace 
inonl  of  a  niethine-j;roin)  adjacent  to  an  NH-gronp  by  nitrogen— /i'^^;* 
[a]-Wf'//(r.fV^'  (^sce  above).  See  3-methylpyrazole  (p.  482)  for  details  ii 
regard  lo  the  cnstilulion  of  pyrazole.  There  diXt  vl  (/ihydrofyrazoii^ 
/r/<r.r'////^  and  a  tetrahxiiropyrazoU  ox  pyrazoliJine  corresponding  totb 
(ii-  and  letrahydrnpyrrols. 

Keio-subsiitulion  products  of  these  hydrogenized  pyrazoles  are  keU 
pvia/oline  or  pyrazolon,  among  the  derivatives  of  which  is  the  fehritiu 
iintipyntu\  keto|)yra/olidine  or  pyrazolidone^  and  diketopyrazoIUinc.  co 
responding  to  tlie  luityrolac  tarn  or  pyrrolidone  (p.  462)  and  succinimij 
I'he  subjoined  diagram  indicates  the  relations  existing  between  the 
pyrazole  and  the  pyrrol  derivatives: 

,.    "  rn.^.CM/       CH,— CO  en,— en/      '  en,— co -^         ch,-co 

^«»ol  pyrrolme        iPvrrolonJ*        Pyrrolidine.  Tclra-     Pyrrolidone,       Diketojwfl 

methylriie  Imide     Butyrolactam  idine. 

*^  parent  su\)stances,  enclosed  in  brackets,  are  only  known  in  their  derivatives- 
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^  CR=N     V  CH=N  V  CH- — NH.  CH,  .  NH.  CO  — NH. 

^MH    1  ;NH     I  ^NH     I  >NH    I  >NH     I  ^NH 


'^  CH, — CH,^  CH,— CO^  CH, — CH/  CH,  .  CO  '^  ,-^^ 

PyrazoUne  Pyrazolon        [Pyrazolidinc]     [Pyrazolidone]       3,5-Diketo- 

pyrazolidine. 

ffwsole,  C,H|N„  malting  at  70**  and  boiling  at  187°,  results  from  epichlorhydrin, 
idne  hydrate,  and  zinc  chloride  (B.  23,  1105).  A  better  method  consists  in  split- 
aff  CO,  from  its  carboxylic  acids  (B.  26,  R.  282),  or  in  the  action  of  bromine  upon 
BoUae  (p.  486)  (B.  ag,  775).  It  is  a  feeble  base;  its  salts  are  unstable.  It  does  not 
ine  with  methyl  iodide.  An  ammoniacal  silver  solution  precipitates /yr<7a;(7/^ji/2/^r, 
,Hf  Ag,  corresponding  to  pyrrol -potassium  (p.  458).  The  p/a/inum  double  salt^ 
!^N, .  HG),PtCl|,  at  200-210^,  loses  four  molecules  of  hydrochloric  acid  and  be- 
S  (C^H,N,),PtCL  (B.  26,  R.  185).  n-Acetyl  pyratoU,  boiling  at  Y^d"",  and 
xaoyl  ^ratoie,  boiling  at  281°,  result  from  the  action  of  acetyl  chloride  and  benzoyl 
ide  opon  pyrazole  (B.  28,  716). 
be  pjrazole  derivatives  are  designated  in  the  following  manner : 

'>NH  I  (or  n)  ;  the  numbering  proceeds  from  the  imide  group,  beyond  the 
1  ^=  CHj 
id  nilrogen  atom. 

Homologous  Pyrazoles  are  formed  : 

Fiona  the  hjdrazones  of  the  /?-diketones  and  /^-ketone  aldehydes  or  oxymethylene 
■Cft.  As  a  rule,  the  reactions  proceed  smoothly  with  the  elimination  of  water,  when 
Detooes  are  digested  with  the  hydrazines : 

Q  JJ    _  Q QY\    __    Q     Q\\ 

|CX).CH,.CO.CH, -f-CjHj.NH.NII,  =    *    *'ll I  *,      '  -f  2H,0 

Vi  ■^^■ti» 

Beasoyl  Acetone  1,3,5-Diphenyl methyl  Pyraxole. 

\j  thb  procedure  the  unsymmetrical  ^-diketo-compounds  yield  two  isomeric  pyra- 
i;  this  is  because  the  two  possible  hydrazones  are  formed.  In  the  example  cited  the 
%^0tiy  is  produced,  together  with  1,3,5-diphenylmethyl  pyrazole.  The  oxalyl- 
tooes  (I,  521 ;  H,  514)  and  phenylhydrazine  yield  the  bisphenylalkyl  pyrazoles  : 
HC  =  CH  —  C  — C  — CH  =  CR 
I  in  I  (A.  278,  295). 

IjN N      N NC,h/ 

:.   By  the  elimination  of  carbon  dioxide  from  the  homologous  pyrazole  carboxylic 

»  (p.  484). 

;.  By  the  exit  of  hydrogen  from  the  pyrazolines  (p.  485).  Frequently,  in  reactions 
ire  pyrazolines  may  well  be  expected  pyrazoles  appear.  This  is  true  of  the  interaction 
lie  hydrazines  and  epichlorhydrin : 

,— CH— CH,a-f-NH,.NHC;H5    CH,— CH  =  CH        -jh  CH— CH=CH 

O'^  NH N.CjHj  N N.  CJI^ 

picblorbydrin  (n-Phenylpyrazoline)  n-Phenylpyrazole. 

\.  Pyrazoles  also  result  upon  dbtilling  pyrazolons  or  pyrazolidones  with  zinc-dust  or 
i(B.26,i03): 

CH,— CO  p^Ss  CH  =  CH 

I    "  >NC.H. -^ >  L  >NC-H. 

CH..C  =  N"^      •    *  CH,.C N"^      •    * 

Pnenylmethylpyrazoion  Phciiylmethylpyrazole. 

\.  Certain  hydrazones  of  mono-ketones  yield  pyrazoles  when  they  are  heated  with 
1  anhydrides  (Bull.  See.  Chim.  [3],  xx,  115  ;  see  B.  28,  703  Anm.  4) : 

;.  C=  N-NHq.H,       (CH..  CO),0->-^"*?  =  ^>N .  C.H,  +  CH. .  COOH 

CH.  I    V      •        /I  HC  =  C.CH, 

ettophcnylhydrazoDc  1,3,5-Pheayldimethylpyrazole. 

Bekmfwr:  The  homologoas  pyrazoles  maybe  arranged  in  three  groups:  (i)  pyra- 
M  with  free  imide-gxxmp ;  (2)  n-alkyl  substituted  pyrazoles,  which  can  be  obtained  from 

ll--4« 
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the  first  class  (or  their  silver  salts)  by  the  action  of  alkyl  iodides — best  by  the  distillation  c 
the  io(l -alkylates  (H.  28,  716)  with  an  excess  of  alkyl  iodide— or  from /S-diketooes  an 
alkyihydrazines ;  (3)  nphenyl  substituted  pyiazoles,  which  are  made  throogh  tl 
pheiiyihydrazines,  and  are  chiefly  distinguished  by  their  stability  and  power  of  oysta 
lization. 

All  pyrazole  homologues  are  feeble  bases.  They  form  double  salts  with  silTer  nitrab 
mercuric  chloride,  and  platinic  chloride.  The  platinum  double  salts,  like  pyiaxole  itsfl 
part  with  4  liCl  on  heating  and  become  R,FtCI,  (R  =r  the  pyrazole  residue).  The 
usually  combine  with  alkyl  iodide  to  form  ammonium  compounds  (see  above). 

Potassium  permanganate  oxidizes  the  c-alkylized  pyrazoles  to  pyrazole  carbozyli 
acids,  in  contradistinction  to  the  pyrrols,  which  are  burnt  up  by  thb  reagent  (B.  u 
172). 

In  the  n-phenylated  pyrazoles  during  the  oxidation  the  phenyl  group  b  often  split  06 
and  replaced  by  hydrogen.  This  is  particularly  true  if  it  be  amidated.  The  behaTJo 
is  (|uite  ditTercnt  during  reduftiiM.  Pyrazoles  with  the  free  imide-group  are  but  slighdj 
altered  by  the  reducing  agents  (A.  273,  266).  n-Phenylpyrazoles  are  reduced  to  pm 
zolines  (p.  485),  which  yield  intense  colorations  with  ferric  chloride,  chromates,  etc 
(k'norr's  pyrazoline  reaction).  In  more  energetic  reductions  trimethylnu  diamim 
t/t/hitftTrs  arc  formed  by  the  rupture  of  the  union  between  the  N-members.  In  some 
n-phcnylpyra/oles  the  reduction  is  accompanied  by  the  splitting-oflf  of  the  phenyl  group 
as  lienzenc  or  some  similar  group. 

(i)  PyrazoUs  with  free  imide  hydrogen:  3-  (or  5-)  Methyl  Pyraxole, 

._      ..    ii-N 
I  I        (see  below),  is  an  oil,  boiling  at  204**.    It  resolts 

f  i)  from  the  interaction  of  oxymethylene  acetone  and  hydrazine  ; 

(2)  from  its  carboxylic  acids; 

(3)  as  well  from  1,3-  as  from  1,5-phenylmethyIpyrazole  by  elimination  of  the  phenyl 

(;roup  thnnigh  oxidation  (A.  279,  217-225). 
The  la?,t  two  methods  show  conclusively  that  3 -methyl  pyrazole  and  5-methyl  pjTazolc 
arc  identical.  It  is  concluded,  therefore,  that  pyrazole,  like  benzene,  possesses  "oscillt- 
tin^  linkages"  ;  the  imide  hydrogen  atom  is  capable  of  oscillating  between  the  two 
N-atonis  ( Knorr,  A.  279,  188).  The  formula  presented  above  for  pyrazole  is  supposed 
to  represent  this  condition. 

3,5  Dimethyl  Pyrazole,  NH —N  =  C(CH,)  —  CH  =C(CH,),  melts  at  107'' md 
l»oils  at  220°.  It  is  obtained  from  acetyl  acetone  and  hydrazine, and  from  1,3.5-phenyl* 
dimethyl  pyrazole  liy  reduction  ^elimination  of  the  C^H^-^rw*/)  (B.  25,  R.  163,  744). 

3,4,5-Trimelhyl  Pyrazole,  kll  —  N  =C(CH,)  —  C(CH,)  =  ^(CH,),  melting  »t 
138°  and  lK)iling  at  2  ^3°,  is  obtained  from  methylacetyl  acetone.     3,4,4,5-Tctramcthyl 

Pyrazole,  N  ^C(CIl3)  — 0(011,),— C(CH,)  =  li,  melting  at  50-55®,  and  boiling  it 
243°,  is  formed  from  dimcthylacetyl  acetone  (A.  279,  244,  247).     3-  (or  5-)  Phenyl- 
H 
r  H  C— N  -  -N 
pyrazole,  1  1       melting  at  78°,  is  formed  from  benzoyl  acetaldchydc 

(j).  250)  (I).  28,  696). 

Isomeric  4- Phenyl  Pyrazole,  melting  at  228®,  is  obtained  frxnn  1,4-phenyl  pyrazole 
carboxylic   acid^(A.   279,   254;    I{.  27,   3247;    28,  223,  699).     3, 5-Phenyl  Methyl 

Pyrazole.  Nil  —  N  :r.  C(CH,)  — ClI  =  C(C,Hj), melting  at  1280  and  boiling  at  3l7^ 
has  been  prepared  from  benzoyl  acetone  (A,  279,  248),  as  well  as  from  phenylmethyl- 
isoxazole  (p.  494),  on  heating  with  alcoholic  ammonia  (B.  28,  2952). 

(2)  n- Alkyl  Pyrazoles  :  n-  (or  I-)  Methyl  Pyrazole,  C,H,N,  .  CH,.  boiling  at  I27«>, 
is  formed  in  the  interaction  of  pyrazole  silver  and  methyl  iodide  (B.  26,  R.  281 ;  28, 
716).  1.3-Dimethyl  Pyrazole,  C,H,(CII,)N,.  CH,,  boils  at  I50«  (A.  ayg.  231 V. 
1,3,5  Trimethyl  Pyrazole,  CJ1(C1I,),N,CH„  melting  at  37«  and  boiling  at  170®, 
crystallizes  in  combination  with  one  molecule  of  chlorofonn.     X,3,4,5-T«trMncth7l 
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Pyrasole,  C^(CH,),NjCH„  boils  at  190-193°.  These  compounds  are  also  formed  from 
acetyl  acetone  and  methylaoetyl  acetone  by  the  action  of  methylhydrazine  (A.  279,  232, 

235)- 

(3)  VL'Pkinyl  Pyrazoies:  n-  (or  1-)  Phenyl  Pyrazole,  CjTIjN, .  C-Ifj,  melting  at  ii<» 
and  boiling  at  246°,  with  sp.  gr.  I.II25,  is  obtained  from  epichlorhydrin  and  phenylhy- 
dnuine  (see  above),  as  well  as  from  its  carboxylic  acids.  It  yields,  upon  reduction, 
phenylpyrazoline  together  with  trimethylenephenyldiamine.  n-Tolylpyrazole,  QH,- 
N, .  CyHf,  melting  at  33**  and  boiling  at  259°,  yields  in  like  manner  trimethylenetolyl- 
diamine  (Gaz.  ch.  ital.  18,  354).  i-Phenyl-3- methyl  Pyrazole  melts  at  37°  and 
boils  at  255**.  Its  iodmethylate  melts  at  144°.  The  first  body  is  derived  from  phenyl- 
Diethylpyrazolon  (p.  481,  A.  238,  203 ;  B.  24,  648),  as  well  as  from  oxymethylcne 
acetone  together  with  the  isomeric  i-Phenyl-5'methyl  Pyrazole, 

CgH^N  —  N  =  CH  —  CH  =  C(CH,).  This  is  an  oil,  boiling  at  255°.  Its  iodmethylate 
melts  with  decomposition  at  296°.     i- Phenyl -4- methyl  Pyrazole, 

C^H^N  —  N  =  CH  —  Cf  CH,)  =  CH,  boiling  at  266°,  is  formed  by  a  rearrangement  of 
the  iodmethylate  of  i-phenyl  pyrazole  (H.  26,  R.  327).  i-Pheny  1-3,5 -dimethyl 
Pyrasole,  C^(CH,)^HN, .  C^H^,  boiling  at  273°,  is  obtained  from  acetyl  acetone.  Upon 
reduction  it  yields  dimethyl  pyrazole  and  benzene,  together  with  i-  Tetrahydrophenyl\^- 
dimethyl  fyrazoU^  which,  by  oxidation,  is  decomposed  into  dimethyl  pyrazole  and  ad i pic 
acid  (B.  a6,  R.  246).  i-Phenyl-3, 4- dimethyl  Pyrazole,  boiling  at  278°,  results  from 
oxymethylene  melhylcthyl  ketone,  CHOH  =  C(CH,)  —  CO  .  CII,  (B.  25,  R.  943). 
1,3-Dipbenyl  Pyraxole,  C,n,(C,ILJN, .  C^Hj,  melting  at  56°  and  boiling  at  337°,  is 
obtained  from  benzoylacetaldehyde  (B.  ai,  I135)  ;  1,5-Diphenyl  Pyrazole,  meltin^r  at 
54**  and  boiling  at  340°,  is  derived  from  its  carboxylic  acid  (B.  25,  3145) ;  Ii3.5  Tri- 
phenyl  Pyraxole,  C^H^CHj), .  N, .  C-Hj.  melting  at  212°.  is  made  from  its  carlx)xylic 
acid  (B.  a6,  1881^.  See  A.  289,  332,  for  the  production  of  i  ,3,4-triphenyl  pyrazole, 
meltir^  at  185^,  by  the  decom(x>sition  of  1,3,4,6-tetraphenyldihydropyridazine. 

2.  Haloid-,  nitio-,  amido-pyrazoles,  pyrazole -sulphonic  acids. —  rhc  halogens 
replace  the  hydrogen  atoms  in  pjrrazole.  Bromine  reacts  most  readily.  The  halogen 
atoms  in  the  4-position  are  most  securely  combined.  In  the  suli)honation  and  nitration 
of  pyrazole  the  NO,  and  SO^H-groups  also  enter  the  nucleus.  n-Phcnylated  pyrazoies 
are  nitrated  and  sulphonated  in  the  phenyl  residue.  n-SuIphophenyl-pyrazole-acids  have 
also  been  prepared  by  the  introduction  of  phenylhydrazine-sulphonic  acids  in  the  pyrazole 
syntheses  (A.  278,  296).  In  the  nitropyrazoles  the  basic  character  of  the  pyrazoies  dis- 
appears.   They  are  acids,  which  form  stable  sodium,  potassium,  etc.,  salts. 

The  amido-pyrazoles  result  in  the  reduction  of  the  corresponding  nitro-lxxlies.  IMiey 
resemble  the  aromatic  amines  in  their  deportment.  They  have  also  been  obtained  by 
the  action  of  hydrazines  upon  the  nitriles  of  /)-ketone*carboxylic  acids  and  upon  malono- 
nitrile. 

4-Brom-pyrazole,  CgHiBrN,,  melts  at  97°.  3-Methyl-brom-pyrazole  melts 
at  67*  (A.  279,  227).  1,3,5-Triphenyl-brom-pyrazole  melts  at  142°.  i-Phcnyl- 
tribrom-pyraxole  melts  at  107^'.  lod-pyrazole  melts  at  108^  (B.  26,  R.  281). 
4-Nitro-pyrazole,  C,H,(N02)N„  melts  at  142°.  3-Methyl  4-nitro-pyrazole,  melt- 
ing at  134®  and  boiling  at  325°,  is  made  by  nitrating  methyl-pyrazole  or  3-methyl-5-pyra- 
zoTe  carboxylic  acid  with  a  mixture  of  nitric  and  sulphuric  acids  (A.  279,  228) .  4-Nitro- 
1,3,5-trimethyl-pyrazole,  melting  at  57°,  yields  upon  re<Iuction : 

4-Amido-i,3,5-trimethyl-pyrazole,  melting  at  103°,  which  may  be  readily  converted 
into  diazo-oompounds,  and  subsequently,  by  combination  with  anilines,  phenols,  etc. ,  into 
aso-dyes.  i-Phenyl-3,4-ethylmethyl-5-amido-pyrazole,  melting  at  81^,  is  prepared 
from  mediyl  propionyl-acetonitrile,  (1H5C0CH(CH,)CN,  and  phenylhydrazine  (Bull. 
Soc.  Ch.  [4],  4,  647).  3,5-Diamido-pyraaole,  (^(NII,)2lI,N,  (?),  is  formed  from 
malooonitrile  and  hydrazine  acetate  (B.  27,  690). 

Methyl-p3rrazole-8ulphonic  Acid,  C,H,N.(CH,)(SO,H).  melting  at  258<>,  is 
Ibnned  when  faming  sulphuric  acid  acts  upon  methyl-pyrazole  (A.  279,  230). 

3.  Osypyrasoles :  In  certain  reactions  the  pyrazolons  (p.  486)  behave  as  such.  In 
•Ikylising,  these  yield  alkoxypyrazoles,  together  with  isomeric  i\-a.\V^\  d^T\N^\!vi^  V'^'^'^^ 
pyrincs).    Fiuther,  compoiuids  wit  also  formed  in  the  \nleTac\.\otv  ol  «^cv^  W^va.^^  ^vA 
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pyrazolons,  which  are  prolwbly  to  be  viewed  as  esters  of  oxjpjrasoles.  The  alkyl 
iodides  and  alkoxypyrazoles  yield  addition  products,  which  also  result  from  the  anti- 
py fines  and  alkyl  iodides,  and  when  they  are  gently  heated,  alone  or  with  alkali,  they 
arc  reconverted  into  antipyrines.  The  acid  esters  of  the  oxypyrazoles  also  yield  alkyl 
iodide  addition  products,  which  may  be  resoWed  into  antipyrines  (J.  pr.  Ch.  [2],  54, 
177  ;  55«  145  ;  A*  293*  42).  Alkoxypyrazoles  are  also  produced  by  the  elimination  of 
water  from  the  hydnzoncs  of  the  ^-ketonic  esters  by  means  of  suitable  reagents. 

n-Phenyl-s-ethoxy-pyrazole,  C^uji  ,^  :CU  .CH:t{OC^H^),  is  formed  from  iu 
carboxylic  ester,  which  is  produced  by  the  condensing  action  of  zinc  chloride  upon 
the  pbenylhydrazone  of  oxalacetic  ester,  then  saponifying  and  splitting  off  carbon  dioxide 
(B.  a6.  R.  550). 

When  the  etboxy-group  is  saponified  with  hydrochloric  acid  n-phenlypjrrazolon, 
melting  at  118°  (p.  488 ;  B.  27, 407),  results.   n-Phenyl-j-methyl-s-methozypyraxole, 

QHjN .  N  :  C(CH,) .  CH  :  c:l:(OCH,),  boiling  at  240<>,  is  formed  when  diazomethane  acts 
upon  phenyl- methyl  pyrazolon  (B.  28,  1626^,  or  methyl  iodide  and  sodium  methylate, 
together  with  the  isomeric  antipyrine  (p.  488) ;  also  by  the  action  of  phenylhydrazine 
and  hydrochloric  acid  upon  the  methyl  ester  of  acetoacetic  acid.  Its  iodmethylate, 
which  is  also  produced  from  antipyrine  and  methyl  iodide,  readily  changes  to  antipyrine 
on  boiling  with  sodium  hydroxide  (p.  488  and  A.  293,  1 7).  n-Phenyl-3-inethyl-5- 
ethoxypyrazole,  melting  at  38^  and  boiling  at  301^,  is  formed  from  the  phenylhydrazone 
of  acetoacetic  ester  by  means  of  acetyl  chloride  or  an  excess  of  hydrochloric  acid.  It 
yields  phenylmethylpyrazolon  when  it  is  saponified.  Sodium  and  alcohol  convert  it 
into  phenylmethylpyrazoline  ( B.  28,  627,  635,  706).  The  last  two  esters  have  also  been 
obtained,  by  carl)on  dioxide  elimination,  from  carbomethozy-  and  carboethoxy- 
phenylmethylpyrazolons,  products  resulting  from  the  action  of  chlorcarlx>nic  methyl 
and  ethyl  esters  upon  phenylmethylpyrazolon  (see  above,  and  J.  pr.  Ch.  [2],  54,  180; 

55»  I4Q). 

4.  Pyrazole  Ketones  are  produced,  like  the  thiophene,  pyrrol,  and  indol  ketones, 
on  heating  the  pyrazoles  with  acid  chlorides : 

i-Phenyl  4-acetyl-pyrazole,  C,(COCH,)H,N, .  C^Hj,  melting  at  122®.  Its  oxinte 
melts  at  130°  and  \\.'i>  phenylhydrazone  at  143°  with  decomposition.  I-Phenylbenzoyl- 
pyrazole,  C3((:CK\jH.)n,N,C^Hj,  melts  at  123°;  its  oxime  at  143**  and  its  phenyl- 
hydrazone at  139®  with  decomposition. 

5.  Pyrazole  Carboxylic  Acids  are  produced 

1.  By  oxidizing  alkyl  pyrazoles  with  potassium  permanganate.  When 
several  alkyl  grou|)s  are  present  they  are  gradually  changed  to  carboxyl. 

2.  Pyrazole  carboxylic  esters  are  formed  synthetically  by  the  action  of 
hydrazines  upon  the  carboxylic  esters  of  /9-diketones  or  oxymethylene 
ketones  : 


CJIjCO.CHj.CO.COjR  -f-  NHj.NHCjHg—^^CjHjN— N  =  CCCjHsJ—CH  =  i.CO,R 
Acetophcnone  Oxalic  Ester  i ^-Diphenyl-5-pyrazole  Carboxylic  Ester. 

I'he  7-diketonic  esters  also,  which  resalt  from  the  interaction  of  bromacetone,bromace(o- 
phcnone,  etc.,  with  sodium  acetoacetic  ester,  yield,  by  action  of  diazobenzene  salts  with 
the  splilting-off  of  the  acetyl  group,  phenylhydrazones  of  ^-diketone  carboxylic  esters, 
which  condense  to  pyrazole  carboxylic  esters  (B.  26,  1881). 

3.  Pyrazole  carboxylic  esters  are  formed  by  the  addition  of  diazoacetic  esters  to  mono* 
and  dicarboxylic  acids  of  the  acetylene  series  (B.  2a,  2165 ;  A.  273,  222)  ; 

co-R— cn  C .  CO,R  CO.R .  C CCO,R 

A       +    H  >-  II  II 

N=  N  C .  C(),R  N— NH .  CCO.R 

Diazoacetic  Act:tv\ene  3,4^Pyrazole  Tricarboxylic  Ester. 

Ester  DicaiboxvWc  'EaXtx 
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lioDohalogen  snbstitntion  products  of  the  acrylic  and  fumaric  series  and  a,/3-dihaloid 
itiited  Mtorated  adds — €,g.f  a,/3-dibrompropionic  acid,  dibromsuccinic  acid,  etc. — 
with  diaaoacetic  ester.  When  the  pyrazole  carboxylic  acids  are  heated  carbon 
de  is  evtrfred  and  pjrrazole  results.  'Die  carboxyl  group  in  the  3-position  is  most 
%Bilji^t  dS.  The  next  in  order  is  that  in  the  5-position,  while  the  COOH-group  in  the 
jtpoiltiiin  is  most  firmly  combined  (A.  278,  273).    There  is  no  Natom  adjacent  to  it. 

3-  (or  5-)  Pyrazole  Carboxylic  Acid,  CgH^N, .  COOH,  melting  at  209**  with  decom- 
■HRioOv  is  obtained  from  3-methyl  pyrazole  (p.  482),  as  well  as  from  3,5-pyrazoline 
'ofeavboiytic  acid  by  the  exit  of  carbon  dioxide  and  H,  (A.  273,  237).  4- Pyrazole 
CMbozylic  Acid,  melting  at  275**,  is  obtained  from  pyrazole  tricarboxylic  acid.  3,5- 
^fiasole  Dicarbozylic  Acid,  C,H,N,(COOH)„  melting  at  289^,  is  made  from 
■clbyt pyrazole  carboxylic  acid,  dimethyl  pyrazole  (A.  279,  218  ;  B.  25,  R.  744),  as  well 
Vfinon  diaaoacetic  ester  by  means  of  dibrompropionic  ester.  3,4,5- Pyrazole  Tricar- 
bonrlic  Acid,  C^HN,(C(X)H)„  melting  at  233°,  is  prepared  by  methods  I  and  3  (p. 

3.1Cethyl-5i>yrazole  Carboxylic  Acid,  C,H,(CH,)N,.  COOH,  melts  at  236°  (B.  25, 
R.  744;  A.  279,  217).  3,5-Diinethyl-4-pyrazole  Carboxylic  Acid,  C,H(CH,),N,- 
OOOH,  melting  with  decomposition  at  290°,  is  derived  from  acetyl-  or  ethideneaceto- 


'  (A.  279,  239).  Two  isomeric  c-Phenylpyrazole  Dicarbozylic  Acids, 
C^CLHg)IiN,(CO,H)2,  melting  at  235^  and  243^,  have  been  obtained  from  diazoacetic 
Oler  by  mrans  of  phenylpropiol-  and  a-bromcinnamic  acid  (B.  27,  3247).     n-Phenyl- 


pyiaaole  Carboxylic  Acid,  CLH.N,(C.Hj)COOi] ;  the  3-^r/V/ melts  at  146°,  and  the 
§-mc»d  melts  at  183^*  (B.  24,  1888). '  The  4  anW  melts  at  220°.  It  is  obtained  from 
■-plienylpyrazole  tricarboxylic  acid  (B.  22,  179).  n-Phenylmethylpyrazole  Car- 
ta^lic  Acids,  C,H(CH.)N,.CfH.(COOH).  There  are  five  known  isomerides :  (i)  the 
I,5,3-arf(t/,  melting  at  136'°,  results  nrom  the  action  of  diazobenzene  chloride  upon  acetonyl 
aoetoacetic  ester  (p.  484,  method  2),  as  well  as  from  acetone  oxalic  ester  and  phenylhy- 
drazine,  together  with  (2)  the  1,3,5 -<7ri</,  melting  at  190°,  which  is  also  produced  by  a. 
peculiar  rearrangement  of  phenylmethyloxypyridazone  (see  this)  (A.  253,  54;  295, 305); 
(3)  the  1,5,4-tfrfV/,  melting  at  166^,  is  obtained  from  oxymethylene  acetoacetic  ester 
(A.  378,  270;  295,311);  (4)  the  1,4,3-ariV/,  melting  at  I34<>,and(5)  the  1,3,4-anV/, 
melting  at  192^,  have  been  prepared  by  a  half-sided  oxidation  of  phenyldimethylpjrra- 
sole  (B.  25,  R.  943;  26,  R.  245).  i,5-Diphenyl-3pyrazole  Carboxylic  Acid, 
C|H(C^H5)N, .  C,Hj  COOH),  melting  at  185®,  is  prepared  from  phenacylacetoacetic 
ester;  pbenylpyrazole  dicarboxylic  acids — compare  A.  295,  306.  i-Phenyl-3,4,5- 
tricarboxyUc  Acid.  C,N, .  G^H^CCOOH),,  melts  at  1840  (B.  22,  172). 


PYRAZOLINES. 

Metallic  sodium  and  alcohol  reduce  the  pyrazoles,  especially  the 
n-phenylpyrazoles,  to  dihydropyrazoles  or  pyrazolines.  The  latter  are 
also  produced  by  rearrangement  of  the  hydrazones  of  unsaturated  alde- 
hydes or  ketones,  in  that  the  amine  residue  of  the  hydrazine  adds  itself 
to  the  unsaturated  linkage : 

CH,  =  CH— CH  CH,— CH,— CH 

II     >-        \  II 

C;HjNH N  C^H^N N 

Acrolein  Pbenylbydrazone  n-Phenylpyrazoline. 

While  this  rearrangement  proceeds  with  many  hydrazones  at  lower  temperatures,  with 
others  it  b  only  completed  when  they  are  distilled.  Frequently  it  occurs  that  the  cor- 
respoading  pjmiole  (p.  481)  is  formed  instead  of  the  pyrazoline,  or  is  produced  along 
with  the  latter. 

The  ketazine  of  acetone,  bisdimethylazlmethylcne,  is  capable  of  a  rearrangement 
flnilar  to  the  preceding.  It  is  changed  quite  readily  by  maleic  acid  into  malelnate  of 
ti  iBiiUhylpyfaioliiie ; 
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CH,— C  =  N— N  CHg-C  =  N— NH 

in,      c(CH,),  in, — <?:(CH,), 

Bisdimethylazlmetbylene  3,55-TriiiieUiylpyTmioUne. 

Behavior:  The  pyrazolines  are  feeble  bases.  Thej  are,  for  the  most  pazt,  ooly 
soluble  in  concentrated  acids.  They  are  less  stable  than  the  pyrazoles.  Oxidizing  agents 
convert  them  into  very  unstable  dye-sulistances,  which  are  probably  derived  from  bis- 
pyrazolines  (B.  26,  100 ;  Knorr's  pyrazoline  reaction).  When  reduced  they  frequently 
yield  trimethylene  diamine  derivatives;  this  is  particularly  true  of  the  n-phenylpyra- 
zolines.  

Pyrazoline,C,H,N,  =  tH,  — CH,  — CH  =N— ^H,is  anoil,bwling  at  I44*».  It 
is  formed  from  acrolein  and  hydrazine  hvdrate  (B.  28,69 ;  ag,  774).  3,5,5-Trimethyl- 
pyrazoline,  C,H,(CH,),N,,  boiling  at  66-69^  (20  mm.),  is  obtained  from  mesityl  oxide 
and  hydrazine,  as  well  as  from  ^r>-dimethylazimethylene  (see  above) ;  its  picraU  melis 
at  138°  and  its  malHnate  at  127°  (B.  27,  770).  5-Phenylpyrasoline,  C,H5(C,Hj)N,, 
is  obtained  from  the  hydrazone  of  cinnamic  aldehyde  (B.  27, 788),  as  well  as  from  its  dicar- 
boxylic  acid  (B.  26,  261 ).  n-Phenylpyraxoline,  CgH^N, .  C^Hb*  malting  ^  5^^  and  boil- 
ing at  274^,  is  converted  by  bromine  into  VL-pkenyldibrompyraiolitu^  C,H,Br,N,  .  C,H(, 
melting  at  39°. 

1,3,5-Triphenyl-pyrazoline,  C,n,(CH.),N,,  melting  at  135®,  is  changed  by  bromine 
to  triphenyltribrompyrazoiine^  C,(C,H5),Br.N,,  melting  at  179®. 

Pyrazoline  carboxylic  acids  are  obtained  from  diazoacetic  ester  or  diazomethane  by 
means  of  uleiine  mono-  and  -dicorboxylic  acids  or  mono-haloid  saturated  acids  (compire 
p.  484) : 

CH,  HC— COOR  CH CH .  COOR 

A  -f      II  >  II  I 

N  ---  N  HC— COOR  N— NH— CH .  COOR 

Diazomethane  F'umaric  Ester  4.5-P>Tazoline  Dicarbozylic  Ester. 

CH    CO,R         CH,  CO,R .  C CR, 

A  +    II  >  II  I 

N:  -  N  CH  .  COOR  N— NH— CH .  CO,R 

Diazoacetic  Ester         Acrylic  Ester  3^-Pyrazoline  Dicarbozylic  Ester. 

The  ])yra7()llne  carboxylic  acids  show  the  rather  remarkable  peculiarity  that  when  they 
arc  lieated  alunc  they  break  down  into  nitrogen  and  trimethylene  carboxylic  acids  (p. 
22).  Myflra/inc  is  split  off  when  they  are  heated  with  hydrochloric  acid.  Upon 
oxidation  they  l>ecome  pyrazole  carboxylic  acids ;  and  when  their  silver  salts  are  heated, 
pyrazoles  are  pro<luced.  Ujwn  reduction  they  yield  pyrazoline  compounds  in  part  (p. 
490)  (E.  lUichner,  A.  273,  214). 

Pyrazoline-3,5-dicarboxylic  Acid,  C,H^N,(COOH)„  melts  with  decomposition  at 
242°.  Pyrazoline -4, 5 -dicarboxylic  ester  (B.  27,  1890),  pyrazoline-3^,5-tricar- 
boxylic  methyl  ester,  C3lI,N,(COOCHg)3,  melting  at  61®,  and  pyrazoline-3,4,5,5- 
tricarbonacetic  trimethyl  ester,  C3H,N,(CO,CH.)j(CH,.  CO,CH,),  melting  at  105°, 
are  obtained  from  diazoacetic  ester  by  means  of  fumaric  and  aconitic  esters,  while 
5-Phenyl-3,4-pyrazoline  Dicarboxylic  Methyl  Ester(?).C,H,(C;H5)N,(COOCH,),, 
is  formed  from  cinnamic  ester  and  diazoacetic  ester. 


PYRAZOLONS. 

The  pyrazolons  or  ketodihydropyrazoles  are  those  pyrazole  derivatives 
which  have  been  known  for  the  longest  time.  They  were  discovered  in 
1883  and  investigated  by  L.  Knorr.  Different  pyrazolons  have  been 
previously  discussed  at  the  conclusion  of  the  hydrazones  of  the  ^-ketonic 
acids,  of  which  they  are  the  inner  anhydrides,  and  to  which  they  sustain 
tht  same  relation  as  the  lactams  V^eai  Vo  vVv^  cow^^ndiu^  amido-acids. 
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hence  the  designation  lactazams  was  suggested   for  the  pyra/olons  (i, 

They  are  produced  (i)  by  the  elimination  of  alcohol  from  the  hydra- 
zones  of  /9-ke tonic  esters  : 

CHj .  C— CHj-^COOCjHj       p  xj  Qxx  CHjC— CHj— CO 

N NH ,  QHj  ^        N iSlCeHs 

PbenylbydrazoncHicetoacetic  Ester  z^-Phenylmetbyl-pyrazolon. 

A  number  of  these  hydrazones  when  acted  upon  with  condensing  agents  which 
eliminate  water — f.g".,  hydrochloric  acid,  acetyl  chloride,  etc. — yield  alkoxypyrazoUs 
(p.  483),  which  subseqaently  are  converted  by  saponification  of  the  alkoxy-group  into 
pyrazolons.  Some  of  the  phenylhydrazones  of  the  /3-ketonic  esters,  when  treated  wiih 
concentrated  sulphuric  acid,  jrield  mt/d?/ derivatives. 

When  hydrazines  are  condensed  with  the  esters  of  ^,/3-diketone  dicarboxylic  acids — 
/.  g.^  diaceto-succinic  ester  and  oxaldiacetic  ester — bbp3rrazolons  are  produced  (H.  28, 
68): 

CO— CH,— C— CH, .  CO  (C,H JN  .  CO .  CH  — CH  .  CO .  N(CeI  Ij) 

N(C;H5)  — N  N N(C;Hft)  N C(CH,)C(CH5)=N 

Bisphenylpyrazolon  Blsphenylmethylpyrazolon. 

(2)  By  the  oxidation  of  the  corresponding  pyrazolidones. 

Behavior:.  The  pyrazolons,  like  the  other  pyrazole  derivatives,  are  feeble  bases  (see, 
however,  antipyrine).  They  also  manifest  the  acid  properties  of  the  /3-ketonic  esters, 
and  therefore  yield  unstable  salts  with  bases  just  as  they  do  with  acids.  They  also  have 
a  series  of  reactions  in  common  with  the  derivatives  of  ^-ketonic  acids.  This  is  due 
to  the  reactivity  of  the  CH,-gronp  standing  between  the  two  CO-groups ;  they  condense 
to  bemyiidtne  derivatives  with  benzaldehyde,  and  with  nitrous  acid  form  isonitroso-  or 
iv^nrvjo-compounds,  while  with  diazobenzene  salts  they  yield  more  or  less  intensely  colored 
ac0-compounds,  etc.  (B.  37,  782;  28,  625). 

Different  formulas  have  bc«n  proposed  to  show  the  constitution  of  the  pyrazolons : 

N  =  CH— CH,  NH— CH  =  CH  NH  — CH  =  CH 

^-  iJth ho         "•  i^H io        "'•  ^_(I:OH. 

Two  isomeric  n-phenylpyrazoles,  corresponding  to  the  formulas  I  and  II,  have  been 
made  in  various  ways.  Furthermore,  formula  II  corresponds  to  antipyrine,  the  most  im- 
portant member  of  the  group  (p.  488).  It  is,  however,  very  often  quite  difficult  to 
arrive  at  a  distinction  between  the  different  possible  formulas.  The  alkoxypyrazoles  are 
derived  from  the  hydroxyl  form  (III)  of  the  pjrrazolons.  It  is  true  that  they  are  also 
produced  from  pyrazolons  by  various  alkylization  methods,  together  with  the  isomeric 
n-alkyl  derivatives  constituted  according  to  formula  II  (B.  28,  706,  1626).  The  reaction 
products  of  acid  chlorides  and  pyrazolons  are  also  probably  derived  from  the  same 
formula  (pp.  483,  484). 

Pjrrasolon,  CO .  CH, .  CH :  N.  NH,  melting  at  164**,  is  best  prepared  from  formyl-  , 
acetic  ester  (i,  364)  and  hydrazine,  but  is  also  produced  from  its  carboxylic  acids.  It  con- 
denses with  benzaldehyde,  nitrons  acid,  and  diazobenzene  chloride  to  4-Benzal-pyra- 
colon,  (C^H,ON,) :  CHC,Hj,  melting  at  200<>,4-i8onitro»opyrazolon,  (C.H,ON) :  NOH, 
meltii^  with  decomposition  at  181^,  and  4-pyra2olon-a2oben2ene,  (C,Il,ON,) :  N .  • 
NHCHt'  melting  at  \^^  (B.  29,  249). 

3-iIethyl  Pyrazolon,  C,(CH,)H,ON,,  melting  at  215^*,  is  obtained  by  the  action  of 
hydrazine  npon  acetoacetic  ester  ot  dehydracetic  ester  (J.   pr.  Ch.  [2],  39,   132). 

n-Phenjd-S-pjrrasokm,  00.  CH,  .  CH  :  N.  N. C,H^,  melting  at   ii8^,  is  obtained 
both  from  n-jilieD/J-j-  and  4-pynuoloQ  carboxylic  acids  and  itom  \-\^ti^VvVY^^^*'^'^ 
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done.  n-Phcnyl-3-pyra«)lon,  tu  :  CH  .  CO .  NH  .  NC^H^,  melting  at  154*^,  remit 
apoo  oxidizing  i-phenjrl-j-pjnzolidooe  with  ferric  chloride,  and  hj  treating  n-pbenjl 
pjimtoline  soccetsiTely  with  bromine  and  canstic  potash,  etc.  (B.  it,  5$,  6^0 ;  19, 519 
J.  pr.  Ch.  [a],  5«.  138).  

n-Phenyl-3-methjl  Pyrasokm,  00 .  CH, .  C(CHg) :  N .  ifCJEi^  mdtioff  at  i3f 
from  acetoacetic  ester,  the  /9-chloiaotoolc  eaten  (B.  IQ.  1654),  or  telioUc  add  by  nein 
of  phenylhydrasine,  is  that  pyrasole  derivative  which  b  the  best  hnown,  and  indeed  bn 
been  known  for  the  longest  time  (A.  238, 14?).    WiA  heniaMehyde  it  yhddi  the  Jwayfr 

ifai/compoond,  <!x) .  C( ;  CHC;H,)C(CH,)  ;  N.  A .  QH^ meMngat  loy*;  wHk^ 

an  trMif>^4^erivatiTe,  to .  C(NOH)C(CH,) :  N .  ikcjtt^  meUng  at  t57^  wUdi  bmj 
be  oxidized  and  rednced  to  miirv'  and  amid^-^kmyimitfyi  Jtyrmt^m.  'tut  latter  is  sbo 
made  by  the  reduction  of  pkenylmeiky^  pyrtmoUn  mmktmmt.  When  the  amido-derifs- 
tive  is  oxidized  it  becomes  rubaaamie  aHd^  CLH|,N|P^  melting  at  l8l^.  It  is  a  red- 
colored  oompoond,  which  in  its  behavior  lecalla  the  ptnpiiric  add  (I,  510)  of  the  vie 
acid  groop.    A  large  excess  of  the  oxidant  cooveiti  amtdopyraaolop  immediately  ibId 


4Keto-f-pheiijl-3-methyl-pyr«c6loii«  CO .  CO.  C(CH,) :  N .  NC^H^  the  isatm  oT 
the  pyrasole  gronp,  which,  by  redaction,  yields  the  conespondmg  seooodaty  akohol: 

4-Oxy-i-phenyl-3-methyl  pyrmsokm  (A.  ags,  50). 

Ferric  chloride  oxidizes  phenylmethyl  pyraaoloo,  wUh  the  wuon  of  two  nKdecakSyto 
QH.N— CO— C====C— CO— NCLHa 
Pyratcie  Biue,^    *j^  ^^    ^„  ^  ^         '  whidiiesemblesmdig»blae 

in  constitution  and  chemical  behavior.  Less  energetic  oxidants-^,  g,^  pihenylhydfasiBe, 
etc. — produce  Hsphenylmetkyipyraaolomf  which  contains  two  atoms  more  c3f  hydrogeo. 
This  can  also  be  prepared  from  phenylmethylpyraaolon  silver  and  iodine,  as  well  as  froB 
the  diphenythydrazone  of  diacetosnccinic  ester  (p.  473).  The  interactiaii  of  disso- 
methane  and  phenylmethyl  pyrazolon  yields  phenylmethvlmethoxypyraaole  (p.  4S7),  sad 
along  with  it,  but  in  small  quantity,  the  isomeric  antipyrine  (compare  B.  98,  i^ki6). 

C;H,N— CO-CH 

Antipynne,  1,2,3-Phenyldimethyl  P]rra20lon,        i  i     » 

melting  at  114^,  is  obtained  in  the  form  of  its  hydroiodide  when  phenyl- 
methylpyrazolon  is  heated  to  100^,  together  with  methyl  iodide  and 
methyl  alcohol.  It  also  results  by  the  condensation  of  symmetrical 
methylphenylhydrazine  with  acetoacetic  ester  (A.  338,  160;  B.  ao,  R. 
609): 

CeHj .  NH       RO .  CO .  CH,  _  CiHsN— CO— CH 

ch,.i!jh  io.CH,""  CH,k incH,' 

Homologues  of  antipyrine  are  formed,  similarly  to  it,  from  phenyl- 
methylpyrazolon :  -2  Benzyl-  and  2-£thyl-i-phenyl-3-methylpyra- 
zolon,  homoantipyriney  melting  at  119®  and  73®  respectively  (J.  pr.  Ch. 
[2]»  55.  153  \  A.  293,  3  Anm.). 

Antipyrine  is  a  strong  monacid  base.  It  is  very  soluble  in  water  and 
alcohol,  and  crystallizes  from  ether  in  shining  leaflets. 

It  is  highly  prized  in  medicine  as  an  antipyretic.  Its  saKcylaie^  sali- 
pyrine,  acts  similarly  to  it.  This  is  also  true  of  the  homologue  toly- 
pyrine  or  ^'-tolyldimethylpyrazolon,  etc. 

Antipyrine  yields  deriTatkes  perfectiv  similar  to  those  obtained  from  phenylmethyl- 
pyrasolon  (B.  a8,  623).     When  antipTtiae  i&  bo\Ved  ^Ci  akidboilic  potash  it  Is  1 
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verted  into  phenylmethylbydrazine.  On  heating  it  with  sodium  in  toluene,  conducting 
carbon  dioxide  through  it  at  the  same  lime,  the  union  between  the  two  N-aloms  is 
broken  and  yi-metbylamidocrotonic  aniiide  is  produced  (B.  25,  769)  : 

C^HjN— CO— CH                                  CjHj .  N  H-CO— CH 
CH,N t .  CH,  ^    CHjNH C .  CI  I,' 

This  is  a  rapture  of  a  ring  similar  to  that  observed  in  the  change  of  the  pyrazolines  to 
trimethylene  diamines  (p.  4S6) . 

4-Nitrasoantipyrine,  (CnHjiN,) .  NO,  results  when  antipyrine  is  acted  upon  with 
nitioos  acid.  Zinc  and  acetic  acid  reduce  it  to  4-aniido-antipyrine,  melting  at  109^,  the 
diaio-compounds  of  which  are  readily  formed  and  yield  dye-substances  (A.  293,  58). 

4-Ozyantipyrine,  melting  at  182^,  results  from  the  methylation  of  4-oxy-i-phenyl-3- 
meChylpyrazolon  (p.  488)  and  is  a  compound  with  a  pronounced  phenol  character 
(A.  293,  49). 

At  low  temperatures  methyl  iodide  converts  antipyrine  into  pietuio-iodmethylate^ 

,     .        ,    C-H-.N C(OCH,)==CH 

having  the  formula,  xiLir'ij       ^tn  i  \  ,  as  it  can  also  be  prepared  from 

methoxymethylphenylpyraxole  and  metiiyl  iodide.     At  higher  temperatures  methyl  iodide 

and  antipyrine  yield  4-Methyl  Antipyrine,  bd  .  C(CH,)  :  C(CH,) .  N(CH,)i!j.C,IIj, 
melting  at  82^,  and  later  i-Phenyl-3,4-trimethyl  Pyrazolon, 

to  .  C(CH,),  .C(CH.)  :  N  .  I^C^Hj.  melting  at  560  (A.  293.  i).  See  C.  1897, 1,  540. 
for  the  action  of  phenols  upon  antipyrine.  Consult  A.  293,  42,  for  the  addition  of  acid 
chlorides  to  antipyrine. 

l-Phenyl-5-methyl  Pyrazolon,  CH,  .  C  =  CII  —  CO  —  NH  .  kc^H^,  melting  at 
167^,  is  isomeric  with  I-phenyl-3-methyl  pyrazoion.  It  is  produced  when  the  corre- 
sponding pyrazolidone  is  oxidized  with  ferric  chloride  (B.  28,  R.  78).  When  it  is 
methylated  isantipyrine  (B.  25,  R.  367  ;  28,  629)  results.  This  is  isomeric  with  anti- 
pyrine, and  it  is  poisonous, 

Pyrazoion  Carboxylic  Acids :  Their  esters  are  obtained  from  the  hydra- 
zones  of  /9-keto-  or  aldehydodi carboxylic  esters.  The  acids  readily 
break  down  into  CO,  and  pyrazolons. 


Pyrazolon-3-carbozylic  Acid,  io.  CII,  —  C(COOH)  ^  N  — l^H,  decomposes 
at  250®.  Its  methyl  ester  melts  at  227^.  It  is  formed  from  oxalo-acetic  methyl 
ester,  chlorfumaric  ester  (B.  29,  R.  860),  or  acetylene  dicarboxylic  ester  with  hydra- 
zine (B.  25,  3442;  26,  1722).     Nitrous  acid  converts  it  into  an  f>0M//r^j<7-compound, 

CO  — C(NOH).C(COOH)  =  N  — l!jH.  melting  at  20I^  which  yields  the  hydrazide 
of  hydrazipyratolon  carboxylic  acid  when  treated  with  hydrazine  hydrate.  The  anhy- 
dride of  this  acid,  decomposing  at  126**,  represents  a  symmetrical  dicyclic  nucleus: 

N C .  COOH  _„^  N         c— CO— NH 

NH— CO— i  =  N.NH,  NH  —CO—h  =^^.  l!r 

4-Hydrazi-pyrazoIon-3-carbozylic  Acid  Pyrazolonopyrazolon. 

which  may  also  be  viewed  as  the  dilactazam  of  dioxosuccinic  osazone  (B.  26,  2057). 
By  the  elimination  of  carbon  dioxide  pyrazolon-3-carboxylic  acid  yields  pyrazoion, 
obtained  in  various  other  ways  (see  B.  29,  249). 

Pyrazolon.4-carbozylic  Acid,  60 — CH(COOH)  —  CH  =  N .  lin.  Its  ethyl  ester 
melts  at  181®.  It  is  fonned,  along  with  malonyl  hydrazides,  iiV\ctvVv'^dxvL\Tv<^\i>]^\^^  ^^5^"^ 
upon  the  eat^r  of  dlcaiboxyglutMComc  acid,  (CO,H),CVl .  CH  •.  CVCO^^v  ^^  ^^*^ 
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hydniiBe  ud  the  oter  of  etfacnynetfayleBeiuloBfe  a^                                 Tlbidi 
spliu  off  CO,  quite  cmUj  mkI  becomei  pyiMOJon  (B,  «»,  988). 

i-Pheiiylpsnmsoloii-4C«tMKylic  Add, (^— CH(CDOH)^CH»N-llq& 


melts  «t  93^  with  deoompotition.    Its  ttfyl 

pbenylhydntiiie  acts  npoD  the  eiter  of  dicgbogyl-glufcooic  acid  or  the  aterif 
methylenenwloDic  eiter  (i,  494)»  The  iMmeric  i-PlMayl-3-pyiasoloB  C  " 
Acid,  meltinff  at  l8i^,  it  prodnced  in  the  form  of  its  eater  firam  oKaloacrtic 

pheDylhjrdnunne.  Both  phenylpyraaoloii  caiboxyiic  adds  ^dd  the *^ — 

(p.  488;  B.  a8,4i> 

The  otaaooes  of  the  diozosiiociiiic  add  csteit  readilj  iMd  the  ctfer  of  l-f 
phenylhydraaoiie-3-p3frasolon  caib6xylic  add  ( i) .  Thia  has  a  red  coloc  It  i 
at  1 54**.  It  is  the  peRot  soUtance  of  the  Taloable  yellow  dye  tartradiie  (2),  Ae  dirf 
constituent  of  whicii  is  the  trisodimn  salt  of  tartradnic  add  or  f,p  rol|iliiiij1li>iiff' 
4,p-tulpbosylphenjlhjdrasoiio-pgnasokm-3-caitosjlic  add: 

COjHfc i :  N .  NHC;Hg        OOyNaft 1 :  NNHC;H(j4]S(Vik 

The  latter  add  can  also  be  obtained  finom  l,p-SQldK«y^ihenyl-3-^)ynaolQn  csibaE^ 
acid  and  from  the  diaaide  of  snlphanilic  add,  whidi  lolly  T  '    *' 

(A.  294.  219). 


PYRAZOLIDINB8. 

The  derivatives  of  tetrakydropyrazoU  or  pyrazolidine  pass  easily,  as  a 
general  thing,  into  pyrazoline  compounds,  therefore  they  possess  reducing 
proi)erties.     The  simplest  pyrazolidine  is  not  yet  known. 

n-Phenylpyrazolidine,    1  *  j*    *,  is  an  oil.    It  boils  atl6o®  (iobiiil).  Iti$ 

formed  when  sodium  phenylhydrazine  acts  upon  trimethylene  bromide  (B.  26,  R.  4^)- 
The  oxygen  of  the  air  oxidizes  it  to  phenylpyrazoline.    Alkali  and  methyl  iodide  coofot 

it  into  i-Phenyl-2-methyl  Pyrazolidine,  CH,— CH,  —  CH, .  N(CH,)NC;H5.  boflinj 
at  175-180°  (90  mm.).  The  reduction  of  the  corresponding  pyrazolidone  pfodncei 
I  phenyl-3-inethylpyrazolidine  (B.  26,  107).  1,3,5 -Triphenyl-2-methylpynsoli- 
dine,  melting  at  1 10°,  results  in  the  reduction  of  trij^enylpyrazole  iodmcibylite  with 
sodium  and  alcohol. 

Pyrazolidine  carboxylic  acids  have  been  obtained  by  the  reduction  of  pyraxoUne  »• 
boxylic  acids  (B.  26,  R.  282). 

Keto  derivatives  of  the  pyrazolidines  : 

(i)  Pyrazolidones  result  from  the  interaction  of  hydrazines  and  /S-haloid  i^^oi^ 
or  a,/?-olefine  carboxylic  acids.  If  phenylhydrazine  bie  employed,  it  is  possible  for  tbe 
reaction  to  pursue  a  double  course,  according  as  the  secondary  or  tertiary  group  of  ^ 
hydrazine  is  rearranged  by  the  carboxyl  group  of  the  acid : 

(.)  CH, .  CH  : CH .  cOQH     NH..NH.CH.    ^CH,CH.CH.«) 

z-Phenyl-a-mcthyl-5-pyruoUdoae 

(2)  CH..CHBr.CH.COOH      ''"''^"C."'       >^\'^''^^'-^^ 

z-Phenyl-54iethyl-3-|»]rrasoUdooe. 
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The  resulting  isoraeridos  are  (listiii^uish»Hl  Ity  the  fact  that  the  l-j)hcnyl-5-pyrazoli- 
dones  have  onlyA/^/V  properties,  whereas  the  l  phciiyl-3  j>yraz()iidones  also  por>bess  odd 
[)roperlies.  (.>n  oxidation  the  pyrazohdones  readily  become  pyrazolons,  and  when  reduced 
with  sodium  and  alcohol  they  are  converted,  in  part,  into  pyrazolidines  (see  below). 

Pyrasolidone,  CH,  .  CH, .  CO .  NH  .  NH,  boiling  at  133-135°,  is  obtained  from 
aoylic  add  and  hydrazine.    It  is  a  base.    When  oxidized  it  yields  pyrazolon  (J.  pr.  Ch. 

[2],  51,  73).  i-Phenyl-5-pyrazolidone,  CO .  CH, .  CH, .  NH  .  N .  C,H.,  melting  at 
78^,  is  derived  from  /3-haloid  propionic  acids  by  means  of  sodium  formylphenyl- 
hydrmzine,  or  from  acrylic  acid  with  phenylhydrazine  in  toluene  solution  (B.  28, 
26).  It  is  only  basic,  and  when  oxidized  it  becomes  i-phenyl-5-p3rrazolon,  melting  at 
Il8»  (p.  488).  

The  isomeric  l-Phenyl-3-pyrazolidone,  CH, .  CH,  .  CO .  NH .  N  .  C,H^.  melting  at 
119-121°,  and  obtained  from  )3-haloid  propionic  acid  with  free  phenylhydrazme,  as  well 
as  from  nnsym.  )9-phenylhydrazidopropionic  ester  (B.  24,  K.  234),  possesses  acid  prop- 
erties also,  and  when  oxidized  becomes  i-phenyl-3-pyrazolon,  meldng  at  154°  ;  its  n-acetyl 
derivative  melts  at  67°  (B.  29,  517). 

l-Phenyl-3-inethyl-5-pyra2oliaone,  melting  at  84°  and  boiling  at  321°,  is  derived 
from  CTOtonic  acid  and  phenylhydrazine  or  from  symmetrical  ^-phenylhydrazidobutyric 
acid  (B.  27,  R.  687).  It  is  a  base.  It  readily  changes  to  1,3-phenylmethylpyrazolon. 
When  methylated  it  yields  1 ,2,3-phenyldimethylpyrazolidone,  hydroantipyrine^  melt- 
ing at  146°.  It  cannot  be  converted  by  oxidation  into  antipyrine  (B.  26, 103).  I-Phenyl- 

3-diniethyl-5-pyrazolidone,  CO  .CH,  .C(CH,),NH  .  NC^H^,  melting  at  75*»,  is  produced 
from  dimethyl  acrylic  acid  and  phenylhydrazine.  Boiling  baryta-water  decomposes  it 
intophenylazoisovalericacid,  C-H^N :  N .  C(CH,),CH,COOII  (A.  292, 284).  i-Phenyl- 
5-inethyl-3-pyrasolidone,  melting  at  128°  and  obtained  from  unsym.  /?-phenylhydrazido- 
butyric  acid,  also  possesses  acid  properties.  By  oxidation  it  yields  1,5-phenylmethyl- 
pyrazolon  (p.  488). 

(2)  DikeiopyrazoHdines  are  the  cyclic  hydrazides  of  the  malonic  acids  :  3,5-Diketopyr- 

asolidine,  Malmyl  hydrazine,  (ItO.  CH,  .  CO.  NH  .Nil,  is  an  oil.  It  is  formed 
frommalonic  ester  and  hydrazine  (B.  28,  R.  159). 

I-Phenyl-3,5-diketopyra2olidine,  Malonylphenylhydratine^  melting  at  192°,  is 
obtained  from  the  phenylhydrazide  of  malonic  ester  acid  (B.  25, 1506).  Consult  B.  30, 
1018,  for  its  derivatives. 

2.  INDAZOLES. 

Just  as  the  benzopyrrols  or  indols  correspond  to  the  pyrrols,  so  do  the 
benzopyrazoles  or  indazoles  correspond  to  the  pyrazoles. 

There  are  two  isomeric  series  of  N-alkylic  indazoles.  The  one  series 
is  produced  by  the  action  of  alkyl  iodides  upon  indazole  or  its  homo- 
logues.  The  second  series,  called  isindazoles,  result  synthetically  from 
ortho-substituted  a-alkylphenylhydrazines,  and  therefore  have  the  alkyl 
residue  attached  to  the  N-atom  adjacent  to  the  benzene  nucleus ;  conse- 
quently, in  the  isomeric  n-alkyl  indazoles  the  alkyl  residue  must  be 
joined  to  the  second  (/?-)  N-atom,  and  the  subjoined  formula  : 

C^H^^  I   /NH,  must  be  ascribed  to  the  simplest  indazole  from  which 

the  others  are  derived. 

/CH>v 
Hence  the  real  benzopryazole,  C^H^^       >N ,  is  the  hypothetical  parent- 
substance  of  the  isindazoles. 
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ImUnoles  resalt  (i)  upon  heating  the  o-hydrazine  cinnminic  adds  (p.  277)  (E.  Fiidia 
and  Tafel,  A.  227, 303)  : 

^•"*<NH-Nn,^^" >-c;h,<^j5^>nh  (+  ch,.cooh) 

o-Hydrazine<mnainic  Acid  Indaxole. 

It  is  sin^lar  that  a  lactam-like  anhydride  of  the  hydraxine-dnnamic  add  11  nol 
formed  in  this  reaction.  It  would  contain  a  seven-membered  ring  (see  p.  436).  loda- 
/ole  acetic  acid  is  produced  by  the  moderated  oxidation  of  o-hydraxine-dnnamic  add. 

(2)  From  the  elimination  of  water  from  o-hydrazine-acetophenone  or  o-hydruioe- 
phenylglyoxylic  acids : 

p  „  ^co .  coon .  p  „  ^c— cooH 

(3)  n-Phenylindazoles  are  formed  in  the  reduction  of  o-nitrdbeniylanilines  (B.  24, 
961  ;  27,2899): 

^•"*<NOr^"^"*~^^ ^  C.II,<™>NC,H.. 

(4)  Furtlier,  indazoles  are  formed  by  the  careful  decomposition  of  o-diazotduene 
compounds  (B.  26,  2349)  : 

(a)  NO,  .  C.n,<N^  NQ ^  NO,. C;H,<J">NH 

I>-Nitro-o-diazotoluene  Chloride  p-Nitroindazole. 

(b)  C,H,.. -I^"!  j^  ^YiQ^n^ >■  C.H.<^">NH(+  NH, .  C,H,) 

Toluene-o-diazotoluide  Indazole. 

Isindazoles  are  obtained  (i)  from  o,a-alkylhydrazine-cinnamic  acids  or  o,a-alkylhydn- 
zine-acetophencnes : 


<-'JI 


^.CH.CII.COOH  ^^  jj  /CII^^^  /CO.CH,  /C(CH,)^ 

(2)  By  the  action  of  glacial  acetic  acid  or  acetic  anhydride  upon  o-amidoaldoximes  or 
keloximcs  (B.  26,  1903;  29,  1261): 

.,  „     .C :  NOII (CH3C0),0 j^  CH  ==^xi 

'^«'^*'^  Nil,  ^^•"*^N(COCH,)-^"* 

(3)  The  formation  of  an  imidazole  derivative  from  the  phenylhydrazone  of  o,p-dinitro- 
phenyijjlyoxylic  ester  recalls  pyrazole  syntheses  (B.  22,  319) : 

a-Phenylisindazole,  Cgll^^^      in/^*   melting  at   142°  (C.    1897,  I,  763),  is 

similarly  formed  from  salicylaldehyde  and  phenylhydrazine  by  the  action  of  acetic 
anhydride. 

Properties  :  The  indazoles  are  usually  crystalline,  feeble  bases,  quite  stable  toward 
oxidizinjj  ajjents.  Chromic  acid  decomposes  /9- phenyl  indazole  into  azobenzene-car- 
hoxylic  acid.  1  f  ydro-compounds  are  obtained  with  difficulty.  The  free  imide-group  can 
be  alkylized  by  alky!  iodides  at  100°.  The  isindazoles  resemble  the  indazoles  in  general 
characteristics.  The  substituents  of  the  pyrazole  ring,  proceeding  from  the  nitrogen 
attached  to  the  benzene  nucleus,  are  designated  with  Iz-  c-,  y3-,  y- ;  and  those  of  the 
benzene  ring,  Bz-  1,2-,  3-,  4-. 

Indazole,  C^II^Nj,  melting  at  146°  and  boiling  at  270®,  is  produced,  in  addition  to 
the  reactions  already  given,  by  diazotizing  o-amidobenzaldehyde  (B.  25,  1754).  Sodium 
nitrite  converts  it  into  nitrosoindazoU^  C^lf.N,  .  NO,  melting  at  74®.  >-Methyl  Inda- 
zole, ^[{^(CHs^Nj,  melting  at  113^  and  boiling  at  281°,  is  obtained  from  o-hydrazine- 
acetophenone.  Acetyl  chloride  converts  it  into  fi-acetvl-y-methylindatoU^  C,H4(CH,)- 
iV, .  COCW^,  melting  at  72°  (^li.  24,  23^V    ^^  ^onx»^ 
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5,r-Diin€thjl  indasole,  C, H|(CH,)N, .  CH,,  melting  at  8o».  /3-Phenyl-inda2ole 
C^gN| .  C^H^t  melting  at  84®  and  boiling  at  J45^y  is  formed  from  nitrobenzyl  aniline 
(coap.  p.  492).  Methyl  iodide  unites  with  it  to  an  iodmethylate^  melting  at  188®,  and 
at  oxidized  by  chromic  acid  to  azobenzene-carboxylic  acid  (B.  24,  3058;  27,  48). 
^Flwiiyl-uidasole,  melting  at  108°  or  1 16^,  is  produced  by  the  reduction  of  o-diazo- 
icBaophenone.  'When  sodium  sulphite  is  used  for  this  purpose  there  first  results  an 
n-Gontaining  body,  CjyH|oN,0,  melting  at  126®,  which  probably  is  a  P-oxy-y- 
yl-indazole,  that  upon  further  reduction  becomes  phenyl  indazole  (B.  29,  1265). 
KS-Nitro-indaxole,  NO,.C^H,(CN,H|),  melting  at  181°,  is  formed,  together  with 
■itimeiol  (B.  26,  2J49),  upon  diazotizing  nitro-o-toluidine.  Bz-i,3-Nitromethyl 
ladasolc,  melting  at  192^,  is  obtained  from  nitroxylidine  (B.  29,  305). 

7-Indasole  Carboxylic  Acid,  C^ H^N,  .  COOH,  melting  with  decomposition  at  259°, 
lideriTcd  from  o-hydrazine-pbenyl-glyoxylic  acid,  which  is  prepared  from  isatinic  acid 
{p.  S58),  thus  completing  the  transition  from  the  indol  to  the  indazole  group  (B.  26, 
ai7).     When  the  acid  is  heated  it  breaks  down  into  indazole  and  carbon  dioxide. 

7-Indasole  Acetic  Acid,  C, H.N, .  CH| .  COOH,  results  from  the  moderated  oxidation 
of  o-hydrocinnamic  acid.  It  melts  at  169®,  and  decomposes  into  carbon  dioxide  and 
y-melhyl  indazole. 

a,y-Dimethyl  Isindazole,  ^s^ix  tJ".^,/  \  y'^'  melting  at  36°,  is  made  by  the  reduc- 

tioB  of  nitroso-o-ethylamido-acetophenone.  Iz-a-Acetyl  Isindazole,  C^ H^N, .  COCH,, 
I>HB-y-Acetyl  Methyl-  and  a,y-Acetyl  Phenyl  Isindazole,  melting  at  103°  and 
185^9  are  formed  by  method  2  (p.  492)  from  o-amido-benzaldoxime,  -acetophenon- 
oidaie,  and -benzophenonoxime.  Alkalies  again  resolve  them  into  these  oximes  (B.  29, 
1255).  a-Ethyly-isindaxolc  Acetic  Acid,  C,H^N,(C,H5){CH,.  COOH),  melting 
■t  132^,  is  obtained  from  nitroso-o-ethylamido-cinnamic  acid.  See  above  for  a-phenyl 
isindrnxole  and  nitro-a,>'-phenyl  isindazole  carboxylic  acid. 

CH 
Hydr^isindatoU  Derivatives:  /?  Phenyl  Dihydroindazole,  CjH^<J^jj«>N .  C^Hj, 

melting  at  138®,  is  produced  by  the  reduction  of  phenyl  indazole  with  sodium  and 
alcohol. 

Bz-Nitro-a-phenyl  Dihydroindazole-}'carboxyUc  Acid,  melting  at  235°,  is  formed 
in  the  reduction  of  nitrophenyl  indazole  carboxylic  acid  (A.  264,  149). 

Indazolon,  or  Benzo-pyrazolon^  is  the  inner  anhydride  or  lactazam  of  o-hydrazine- 

bennic  acid,  C,H,<^^^>NH  (A.  213.  333). 

Nitro-Iz, ^-phenyl  Indazolon  is  formed  from  the  ester  of  nitrophenyl  hydrazidobcn- 
loic  acid  (B.  30,  iioo).     We  must  include  here  Camphylphenylpyrazolon  Car- 

C C C(),R 

boxylic  Ester,  CgH..^  II  ===^=^=1:::         »  melting  at  114°,  which  is  formed  from  the 

\C-N(C.H,)-N 
ester  of  camphor-oxalic  acid  and  phenylhydrazine  (C.  1897,  ii,  123). 
The  following  are  benzodipyrazolans  : 

.CO  .CO 

Hexahydrobenzodipyrazolon,  NH^  ^C^H^/^  ^NH,  melting  at  275°, is  ob- 
tained from  the  ester  of  succino-succinic  acid  and  hydrazine. 

Dicarbobenzobis-n-phenylpyrazolon,  (COOH),Cg( j^j,>NCjn5),,  is  produced 

by  the  interaction  of  phenylhydrazine  and  hydroquinone  tetracarboxylic  ester  (Am.  Ch. 
J.  «a.  379). 

3.  ISOXAZOLE  OR  PURO[a]MONAZOLE  GROUP. 

hozazole  is  the  azole  of  furfurane  corresponding  to  pyrazole  or  pyrro- 
M-monazole :  Furo-lp^-monazole.  In  accordance  with  similar  structure 
the  isoxazoles  are  produced  by  methods  similar  to  those  employed  for  the 
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] 'reparation  of  the  p>Tazo1cs.  The  latter,  as  known,  are  obtained  frot 
the  hydrazones  of  pHdiketo-com pounds,  and  accordingly  the  isoxazole 
result  by  the  exit  of  water  from  the  roonoximes  of  ^-diketones  am 
i3-ketone  aldehydes  or  ox\ methylene  ketones  (Claisen,  B.  24,  3906): 

c;HjC— CH,— CO .  c,Hj  c;HjC-^h  =  c .  c;h, 

N .  OH  N O 

BenzoyUcetophaione  Moooume  «,Y-DipliCD7l  Isosuzole. 

Compare  B.  24,  R.  767,  for  the  formatioo  of  isoxaic^es  from  nitroptraffins  bj  tbf 
action  of  alKalies. 

/V  ,vr;f>.- .-  1  ho?«  isc'xazoles.  in  which  the  adjacent  methine  group  of  the  N-membei 
i>  '>l:^«(i(u:e<^  are  very  stable  bodies.  When  this  CH-groap  is  not  substituted,  a  r^df- 
rr.n^ement  rT  V-ketonic  acids  into  oitrilcs  ocean  quite  readily,  especially  under  the 
influence  of  sodium  alcobolate : 


N  =  CH— CH  =  CiC,Hj6 >-N:3C— CH,— C(C,Hj)  =  O 

a-PbenylisoazoIe  Bcnzo)-l  Acetonitrile. 

Tlie  isr>xaz<.iles.  like  the  pyrazolefi,  are  feeble  bases.     The  substituents  of  the  simplest 
hypriihetical  iscxa/ole  arc  designated  in  the  diagram: 

>  CH  =  N       ^ 

I  >o. 

,?CH  =  CH  « 


:  Methyl  Isoxazole.  N  -  CCHs)  — CH  -.-.  CH  —  O,  boiling  at  liS®,  issuble.  It 
ii-<iiit>  when  hyilruw  Limine  acts  u)>on  oxymethylene  acetone.     There  is  formed  at  tlie 

aiiir  time  til-  iM'ineiic  a-Methyl  Isoxazole,  N  =  CH  —  CH   =  C(CHj>  — 0,boilinp 
at   i-'j"^,  \vhi«.h   reatlily  rearranpes  itself  to  the  nitrilc  of  acetic  acid  (B.  25,  17S7!. 

'i^,>  Trimethyl  Isoxazole,  N  -  C(CH,)  —  C(CH,)  ^  C(CH,)  —  6,  melting  at  3.5' 
an<i  I  toiling  at  24N^'.  result. >  frtMii  the  notion  of  alkalies  upon  methylacetylacetoxime  and 
from  nitrix'lliarie  (J.  Ch.  Sic.  1891,  410). 

See  W.  24,  3912.  fiT  \\\\^  ili'<«>nipt»sitions  in  consequence  of  reductions.  Phenyl 
Methyl  Isoxazole,  iiulim;^  at  (».s^,  is  (ibtuincd  from  benzoyl  acetone  (p.  250).  When 
li<-aieil  with  aliohulic  aniniuiiia  it  yields  3,5-phcnyhnethyl  pyrazole  (p.  482). 

Isoxazole  Carboxylic  Acids. — Their  esters  are  prepared  from  the  oximes  of  the 
ketmie  oxalic  e>ler-> : 


((•II^;rr)_(n.^_((r()()K)^^N.01I >-  (CH,)(i  =  CH— C(COC)R)  :r^  N— O 

AcirlMiie  <.)xalesler  Oxhnc  ^,r-Isozazole  Carboxylic  Ester. 

Tlw  fifc  aciils  <atiii()t  he  decomposed  into  carbon  dioxide  and  isoxazoles.     They  are 
coinpleti'ly  l»n>kr-ii  down  when  healed  (B.  24,  3908). 

J<i^  i\o.\<nolts  re^>ull  fiorn  the  interaction  of  oxalyldiketones  and  hydroxylamine : 


NHjOH      I  i 

<:n3— <<)— <:n.^   en   ro   c\\^-  co— CH, — - — ^o— N— cfcH,)— ch=c— co — en,— co-cn, 
Oxalyl  Diacetoiie  Acctonyl-y-methylisozazolyl  Ketone 


I  II  I 

O — N  —  (.(CIIj,)— f  H  ^  C— C  =  CH— C(CHg)  =  N— O 
Bis-ynicthyl  Isoxazole. 
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Atttrntfi-y-mitkylisoxoMoiyl  Ketone  appears  as  an  intennediate  product.  It  can  also 
bt  BMde  hf  the  oondensation  of  /-methylisoxazole-a-carboxylic  ester  with  acetone  (B. 
•4t  3910). 

Ismasolons. — These  are  keto-derivatives  of  the  hypothetical  dihydro-isoxazole  or 
iwwgoline.  They  correspond  to  the  pyrazolons  or  lactazams,  consequently  can  also  be 
daiignili  li  as  lactatones  or  laeioximes.  They  result  when  the  oximes  of  the  /3-ketonic 
\  loie  alcohol  (B.  24,  140 ;  30,  I159 ;  A.  296,  33) : 


HO .  N  =  C(CH,) .  CH,— COOR ^6  .  N  =  C(CH,)— CH^O. 

A  series  of  compounds,  obtained  from  glyoxal,  methylglyoxal,  phenylglyoxal,  etc. 
(alio  their  oximes),  by  the  action  of  hydroxylamine  hydrochloride,  can  also  be  considered 
M  the  ojumes  of  isoxazolon  derivatives  (comp.  B.  30,  1287). 

Tlie  iioxazolons,  similarly  to  the  pyrazolons,  can  be  variously  formulated : 

CH,— CO  CH— CO  CH  =  C(OH) 

The  isoxazolons  have  a  very  pronounced  acid  nature.  They  decompose  the  alkaline 
enth  carbonates  in  the  cold,  and  form  salts  not  only  with  metals,  but  also  with  am- 
Mooia  and  primary  amines.  The  constitution  of  these  salts  varies.  Ethers  result  from 
the  action  of  alkyl  iodides  upon  the  silver  salts.  Methylamine  is  liberated  when  phenyl- 
iiozaaolon-methyl  ether  is  distilled  with  caustic  potash.  The  methyl  group  is  there- 
lore  (Nnobably  linked  to  nitrogen,  and  the  compound  is  derived  from  formula  II  (A.  296, 

37). 

y-Methyl  laoxazolon,  C^H^NO,,  melting  at  170°,  is  made  from  the  oxime  of  aceto- 
aoetic  ester.  Barium  salt,  (C.[iYO,N,),6a  -f  l^Hfi.  The  ammonium  salt,  (CgH^- 
<^H,)NH4;  methyl  ester,  (C8HtO,N,)CH|  (A.  296,  46).  When  the  oxime  of  aceto- 
acetic  ester  is  condensed  in  the  presence  of  diazobenzene  salts  the  phenylhydrazone  of 
y-muikyl'^ketoisoxazoline,  (C^HjNO,) :  NNHC,H..  melting  at  192°,  results.  The  con- 
densation of  the  same  oxime  in  the  presence  of  ketones  or  aldehydes  gives  rise  to 
laopropylidene  and  Benxylidene  Methyl  Isoxazolons,  (C^HgNO,)  :  C(CH3)2, 
mdting  at  121®,  and  (C^HjNO,) :  CH  .  C^H^,  melting  at  I4i*>  (B.  30,  1337). 

lacmitrosomethyl-isoxazolon— compare  B.  28,  2093 ;  30, 1342.  yPhenyl  Isoxa- 
Bolon,  C;H,N0„  melts  at  152°.  Siher  salt,  CjH,NO,Ag;  aniline  salt,  CjH^NG, .  - 
NH,CH.,  melts  at  ni°.  Methyl  ester,  CjH^NG, .  CH,,  melts  at  78°.  The  action  of 
benzoyl  chloride  and  alkali  produces  two  benzoyl  esters  of  phenyl  isoxazolons,  insoluble 
ip  alkalies,  melting  at  161^  and  115^  (B.  30,  1614).  /^.t'- Dimethyl  Isoxazolon 
melu  at  124^  x,/3-Methyl  Ethyl  Isoxazolon  melts  at  50^  (A.  296,  56).  y,^-Methyl 
Benayl  Isoxazolon  melts  at  106°  (B.    30,    1161).     y-Phenyl-a-imido-isoxazolin, 

O  — N  =  C(C.Hj)  — CH— C:  (NH),  melting  at  III®,  results  from  cyanacetophenone, 
CH|.  CO  .  CH,  .  CN,  or  benzodiacetonitrile  and  hydroxylamine  (B.27,  1095  ;  Jr.  pr. 
Ch.  [2],  47,  124).  /-Phenyl-a-benzoyl/^isoxazolon,  melting  at  175S  is  obtained 
from  benzoyl  formoln  (p.  381)  and  hydroxylamine  (B.  25,  3468;  compare  B.  30, 
1290):  

C;HjCO-CO-CH(OH)-CO.C,H5  +  NH,0H— M!>-N=C(C.Hj)-CO-<f:H.CO.C,H5 
Benzoyl  Formoln  PhenylbenzoyM-isoxazolon. 

Compare  B.  30, 1085,  for  the  so-called  pyroxolon  carboxylic  ester,  CsH^NO, .  CO,R, 
a  reaction  prodoct  of  hydroxylamine  and  the  ester  of  dicarboxyglutaconic  acid. 


4.  INDOXAZENE  OR  BENZISOXAZOLE  GROUP. 

The  benzisoxazoles  or  indoxazenei  are  obtained  from  the  oximes  of  o-haloid  or 
o-nitrobenzophenones  (p.  347 ;  B.  25,  1498)  (compare  method  of  formation  3  under  the 
iandazc^esy  p.  492) : 
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Ai-Methyl  Qlyozaline,  Gfyoxai EtkyNn,  Paragiyaxal  MeikyUn.  C;H,(CHg)N^  melt 
ing  at  137®  and  boiling  at  267°,  results  from  the  reazTmngement  of  n-methyl  glyozalinc 
(sec  above),  or  from  glyoxal,  acetaldehyde,  and  ammonia.  Ethyl  iodide  converts  it  into 
/i-Methyl-n-ethyl  Qlyoxaline,  C,H,(CH,)N,.C,H5,  boiling  at  aij^*,  which  is  also 
formed  from  diethyl  oximide  chloride,  and  manifests  {^ysiological  acUoos  similar  to  those 
of  atropine.  ^- Ethyl  Qlyoxaline,  Clyoxai  PropyUn^  C^H,(C;H^)N,,  melts  at  80®  and 
boils  at  268^. 

a-Methyl  Olyoxaline,  C,H,(CH,)N,,  boils  at  263^.  It  is  prepared  from  its  mer- 
captan  by  method  2  (p.  496)  (H.  a6,  2204). 

a,/j,u-Trimethyl  Qlyoxaline,  C,(CH,),N,H,  melting  at  183^  and  boiling  at  271°,  is 
made  from  diacetyl,  ammonia,  and  aldehyde. 

/j,/i-Diphenyl  Qlyozaline,  C,11(C,H.),N2H,  melting  at  162^,  is  produced  on  heat- 
ing /:^,/i-d [phenyl  oxazole  (p.  503)  to  300^  with  alcoholic  ammonia ;  also  by  the  conden- 
sation of  phenyl-a-amidoacetonitrile  and  benzaldehyde  by  means  of  hydrochloric  add 
(compare  method  of  forming  oxaxoles,  p.  502)  (B.  ag,  2103) : 

t^  CH— N^ 

a./?,//-Triphenyl  Qlyozaline,  Lophine,  melting  at  275^,  b  produced : 
(i)  From  benzil ,  benzaldehyde,  and  ammonia. 

(2)  When  hydrobenzamide  is  distilled  or  omarine  oxidized. 

(3)  By  the  reduction  of  triphenyl  cyanidine  or  triphenyl  tricyanc^n ;  ammonia  is 
eliminated. 

(4)  Krom  benzamidine  and  benzoin  (B.  29,  R.  673). 

L<)])liine  (from  7mo*k%  tuft  of  feathers,  alluding  to  its  tufted  crystalline  form)  exhibits 
in  marked  degree  the  property  of  ])hosphorescing  when  shaken  with  alcoholic  potash; 
it  is  then  (Iecomi>osed  into  ammonia  and  benzoic  acid.  Like  the  glyoxalines,  it  does  not 
form  an  acetate. 

'X\\o  haI()p[(Mi  derivatives  of  the  glyoxalines  result  from  substitution  ;  also  by  the  split- 
ting ofi  of  hydrogen  chloride  from  the  dialkyloximide  chlorides.  Tribrom-glyoxaline, 
(■^Br^N.,!!,  melting  at  214°,  is  formed  from  glyoxaline  and  bromine.  Chlor-n-methyl 
Qlyoxaline,  C^HjClN, .  CH,,  boiling  at  205°,  and  Chlor-n,/i-dimethyl  Qlyozaline, 
CjlU'itCH^jNj.  ClI,,  boiling  at  2iS°,  are  obtained  from  dimethyl-  and  diethyloxiroide 
chloride. 

Suip/iyJroiieriviitivfs  are  formed  by  condensation  from  acetalyl  or  acetonyl  thiureas 
and  similar  Ixxlies  (p.  496) ; 

/i-Imidazolyl  Mercaptan,  C,Il3(SH)N,,  melting  at  222®  with  decomposition,  is 
changed  by  methyl  iodide  to  imidazolyl-yu-methyl  sulphide,  C,Hj(SCH3)N,,  melting 
at  139**  (IJ.  25,  2359).  a,/?-Diphenyl  Qlyoxaline-/i-mercaptan,  C,(CgH5),HN,(SH), 
is  formed  by  the  interaction  of  benzoin  and  thiourea  (A.  284,  8). 

a,/i-Qlyoxaline  Dicarboxylic  Acid,  C3H,(COOH),N,,  is  obtained  from  dioxytar- 
taric  acid,  ammonia,  and  formaldehyde  (A.  ch.  ph.  24,  525),  and  by  oxidizing  benzogly- 
oxaline  (A.  273,  339).     It  breaks  down,  on  heating,  into  CO,  and  glyoxaline. 

Hydroglyoxalines. — The  glyoxalines  cannot  be  reduced  to  hydro-derivatives.  />/• 
hydroglyoxalinesy  or  glyoxalidines^  result  (i)  from  the  acidyl-compounds  of  ethylene 
diamine : 

CH,— NH  .  CO  .  C.H,  CIL— N    ^v 

I  ^1  ^C.CH.(+CH.COOH). 

CHj— Nil— CO— C,H5  CH,— NH^ 

(2)  They  are  very  probably  the  compounds  formed  from  allyl  acetamide  and  allyl 
benzamidc  by  means  of  the  hydrochlorides  of  aromatic  bases  (B.  a8,  1665): 

/NH— CIL  ><;N CH, 

CJUC<  I     *  4-  NH,C.1L 3»-C,H.Cr  1 

•    *  V:)        CH  :  CH,  ^         *  •    *  ^    *   VNCCJHJ— CH  .  CH, 

A\\y\  fienzamide  oA^t^^l?^r^^^>A\v>MSl'«i\  ^>eiw^ 
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/i-Methjl    Qlyozalidine,  Lysidine,  C^HgN,  =  i  ";  ^  nh/^  *  ^^^  melting  at 

105^  and  boiling  at  195-198^,  is  formed  on  heating  ethylenediamine  hydrochloride  with 
lodiiim  acetate.  It  forms  a  very  easily  soluble  uric  acid  salty  and  therefore  has  been 
reoommended  as  a  relief  from  gout  (B.  27,  2952).  The  homologous  glyoxalidines — 
#.^.,  /(-ethyl-,  /i-propyl  glyoxalidine,  etc.,  (B.  a8,  11 73,  11 76) — behave  similarly. 
Bmsiyl  chloride  and  alkali  resolve  methyl  glyoxalidine  into  acetdibenzoyl  ethylene 
diamine  (B.  a8,  3068). 

/i-Phenyl  Olyozalidine,  Ethylenebenzamidine,  C,H.(C,H5)N,,  melting  at  lOI^,  is 
also  obtained  from  ethylenediamine  and  thiobenzamide  (B.  25,  2135). 

a,^i/<-Triphenyl  Dihydroglyozaline,  Amarine, 
C,H..C— NH 
CnH«N-=  0  >CH.C^H.,  melting  at  113®,  results  from  the  rearrange- 

CeH^.C— NH 
rnent  of  hydrobenzamide.     Alkyl  iodides  convert  it  into  dialkyl  derivatives,  hence  it 
most  contain  two  imide  groups.     It  yields  lophine  upon  oxidation  (p.  498) .     Furfurin^ 
or  trifuryldihydroglyoxaliney  is  analogously  constituted  (p.  450). 

Bisglyoxalidine,  fC,H.N,),,  melting  at  290-300^,  is  a  condensation  product  of 
mbMoic  acid  and  ethylene<fiamine  (B.  24, 1846) : 


.1  II  I 

NH,.CS— CS.NH,  +  2NH,.CH,.CII,.NH,->'NH — CH, — CH, — N=C— C=N — CH, — CH, — NH 
Rnbeanic  Acid  Bisglyoxalidine. 

Teirahydrogiyoxalidines  have  been  obtained  from  ethylene  aniline  and  aldehydes 
(B.  20,  732) : 

Triphenyltetrahydroglyozaline,  m.  p.  137°. 

We  most  include  with  the  ietthy  thio-y  and  imiV/<7-substitution  products  of  hydro- 
glyoxalines  a  series  of  cyclic  urea-,  thiourea-,  and  guanidine-derivatives,  which  for  the 
most  part  have  been  already  described  with  the  fatty  compounds. 

1.  JCetogiyoxalidineSt  imidasolons,  or  urefftes,  result  from  the  inner  condensation 

CH  — NH 
of  a-weldo-keto-compounds  :     Imidazolon,    n  >CO,  melting  at  105®,  is  ob- 

CH  — NH 
tained  from  acetyl  urea  (p.  496).     Different  urelnes  have  been  obtained  from  benzoin 
and  benzil  by  means  of  various  ureas  (compare  B.  25,  2357 ;  27,  1083,  1144,  2203; 
Gaz.  chim.  Ital.  19,  573). 

2.  /Telo-  and  Thiotetrahydroglyoxalines  are  the  cyclic  alkylen  ureas  and  thioureas — 
e.g,^  ethylene  urea  and  -thiourea  (I,  400,  409). 

3.  Diheto-  and  imidohetotetrahydroglyoxalines  are  found  in  the  hydantoTns  and  glyco- 
cyanidines — e.g.^  hydantdn,  creatinine^  etc.  (i,  401,  413). 

4.  THketo-  and  imidodihetotetrahydroglyoxalines :  oxalyl  urea  or  parabanic  acid  (l, 
505)  and  oxalyl guanidim  (B.  26,  2552). 


6.  BBNZOQLYOXALINBS,  OR  BBNZIMIDAZOLBS. 

The  benzimidazoles,  sometimes  called  cyclic  amidines,  anhydro>bases, 
and  aldehydinesy  contain  the  glyoxaline  or  imidazole  ring  in  union  with 
a  benzene  ring : 

CH  =  CH  — C  — N   ^ 

(fn  =  CH  —  i  —  wa/ 
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Their  intimate  connection  with  glyoxaline  becomes  very  evident  from 
the  fact  that  benzimidazole  becomes  glyoxaline  dicarboxylic  acid  when  it 
is  oxidized  (p.  496). 

Formation  of  the  Benzimidazoles  : 

(i)  By  the  condensation  of  o-phenylenediamines  with  carboxylic  acids, 
or  their  anhydrides  or  chloridft.  An  exit  of  water  occurs  (Ladenburg,  B. 
8,  677 ;  II,  826).  Acidyl  compounds  are  produced  at  the  same  time  as 
intermediate  products: 

^•"*<NH;  +  CH,XOOH— $-C;H,<JJ^^-C0-™»— ^C,H,<NH^C.CH, 
o-Phenylenediamine  Acetyl-o-phenylenediainine  fi-MethylbeDximldafole. 

The  diacidyl-o-phenylenediamines  also  yield  benzimidazoles  (B.  23,  1876 ;  25, 1992). 
The  anhydrides  of  dibasic  acids  react  like  those  of  the  monobasic — <.  g.,  snccinic  anhy- 
dride and  o-phenylenediamine  form  benzimidazole-^-propionic  add  (B.  27,  2773).  Tbe 
o-naphthylenediamincs  behave  like  the  o-phenylenediammes. 

(2)  lienzimidazoles  are  also  produced  by  the  redaction  of  acidylated  o-nitranilines, 
when  acidylated  ophenylenediamines  are  also  formed  as  intermediate  products  (Ho- 
brecker,  B.  5,  920) : 

p..    .Nil. CO. CH, .  rp„/NH.CO.CH,T i.rw/^"V  ph 

(3)  N-alkylic  benzimidazoles  result  when  aldehydes  act  upon  o-diamines  {aldehydwn 
of  I^enburp;,  B.  xi,  590).  The  dialkylidene-o-diamine,  which  probably  first  appears, 
rearranges  itself  at  once  into  the  n-alkylic  imidazole  (B.  20,  1585).  The  non-alkylized 
imidazole  is  produced  as  a  by-product  from  the  monoalkylidene  body  : 

^  „  ^N  =  CH .  cn, ^  c  „  /Nc.  CH, 

IN  _  C.11 .  (.li,  \n^H,  .  CH, 

P„^N-^CII.CH,_^:2H 5.cH<-N^S:    CH 

Mono-alkylic  o-diamines  yield  l)enzimidazoles  (B.  25,  2826). 

Properties:  The  beii/imiilazoles  behave  very  much  like  the  glyoxalines  (p.  496); 
however,  the  basic  properties  arc  slightly  less  than  the  salt-forming  power  of  the  imido- 
gnmp.  Most  of  the  l>enzinti(Iazoles  are  soluble  in  aqueous  alkalies.  Alkyl  residues  are 
easily  introduced  into  the  imide  group  ;  acid  residues,  with  more  difficulty.  Benzoyl 
chloride  and  sodium  hydroxide  decompose  even  at  0°,  just  as  in  the  case  of  the  glyoxa- 
linfs,  the  imidazole  ring  with  the  production  of  dibenzoylated  o-diamines.  They  are 
very  stable  toward  reducing  and  oxidizing  agents.  Certain  derivatives  of  l:>enzimidazole 
can  dye  cotton  without  the  help  of  mordants  (B.  26,  2760).  In  this  respect  they  resem- 
ble the  bcnzoxazoles  (p.  503)  and  benzothiazoles  (p.  507). 

The  numl>er  of  known  benzimidazoles  is  very  great.     See  KUhling :  Stick stofThaltige 
Ortho-condensationsproducte,  S.  177-210. 

Benzimidazole,  o-Phenylene  Formamidine^  Cs^*\      x^^^»  melting  at  167®,  is 

obtained  from  formic  acid  and  o-phenylenediamine,  as  well  as  by  the  action  of  chloroform 
and  potash  u{K)n  o-phenylenediamine  (B.  28,  R.  392).  Potassium  permanganate 
oxidizes  it  in  part  to  glyoxaline  dicarboxylic  acid.     ^-Methyl-benzimidazole,  o-phenyl- 

ene  acetamidine,  ^6^^\^^T~^C  •  CW|»  ™clts  at  176®. 

/i-Phenylbenzimidazole,  phenylene  benzamidine^  ^s^^v         ^^  •  ^^6»   nie'ting 
at  291°,  also  results  fi-om  the  rearrangement  of  o-amidobenzophenonoxime  (B.  24, 2386 ; 

»9.  R.  358)- 
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//-Methyl  Tolimidazolc,  o-  Toluylene  Aiclamidiue,  CII3 .  Cgllg  .  (^    .      ^C.  CII3, 

melting  at  199®,  and  obtained  from  m,p-toluylenediamine  with  glacial  acetic  acid  or 
Acetaldehyde, unites  with  methyl  iodide  to  n, //-dimethyl  tolimidazole,  melting  at  142°, 
then  to  its  iodmethylate^  melting  at  221^.  Silver  nitrate  precipitates  the  silver  salt^ 
C|HJ[C^HgN,Ag).  Chloride  of  lime  replaces  the  i^i^^c  hydrogen  by  chlorine,  which 
readily  exchanges  its  place  with  a  benzene  hydrogen  atom : 

C,H.<JJ^  •  CH, >-  C,H,a<JJ^ .  CH,. 

This  chlorination  may  be  continued  until  all  of  the  hydrogen  atoms  of  the  benzene 
nndeus  have  been  replaced  by  chlorine  and  there  is  finally  obtained 

n-Chlor-/<-methyl    Trichlorimidazole,   CH,  .  Vixt^IT^C  .  CH,. 

ik'Acftyi'H-methyl  ToHmidatole^  C^Hj(C,H,N, .  COCH,),  is  formed  when  acetyl 
chloride  acts  upon  the  silver  salt.  The  n-benzoyl  derivative^  melting  at  92^,  is  formed 
from  the  base  and  benzoyl  chloride,  while  benzoyl  chloride  and  sodium  hydroxide 
produce  dibenzoyltoluylenediamine.     //-Methyltolimidazole  condenses  with  benzaldehyde 

to  einnamyl JoKmidatole^  ^^v  ^^tt  y^'  ^^  *  ^^  •  ^6^6»  *"^  "^^^  phthalic  anhy- 
dride to  a  phtkalone  ^compare  quinophthalone),  which  is  oxidized  by  potassium  per- 
manganate to  ioHmidazole-H'Carboxylic  acid,  CgH, N, .  COOH.  Compare  B.  25,  2712, 
upon  polymeric  benzimidazoles. 

BiBbenjrimidaxolea  are  made  by  reducing  the  o-nitro-oxanilidcs  (A.  209, 257) : 

^    *\N0,  0,N/   •    *  •    *\NH/  \NH/   •    * 

Bisbenzimidazole,  m.  p.  above  300^. 

Benzobisimidazolea  are  formed  from  the  o-diamidobenzimidazoles  and  carboxylic 
acids  (B.  22,  1652) : 

o-DianidobeDZo-M-methyHinidazoIe  Benzobis-M-methylimidazole,  m.  p.  145°. 

BcMzimidazole  hydrides,  benzimidazolines,  are  not  known  with  certainty.  The  pri- 
mary products  resulting  from  the  interaction  of  monoalkylic  o-diamines  and  aldehydes 
are  considered  as  such.  They  give  up  hydrogen  and  readily  change  to  benzimidazoles 
(B.  95,  2827).  The  condensation  products  of  acetoacetic  ester  with  o*tolylenediamine 
(B.  25,  606)  behave  similarly.  Methylene  iodide  and  dibenzene-sulphon-o-phenylene- 
diamine  jrield  dibenzenesulphonmethyleneo-phenylenediamine, 

C,H^<JJ|^«^JJ»|>CH„  melting  at  I48*>.     It  can  be  considered  as  a  derivative  of 

the  simplest  benzimidazoline.  In  an  attempt  to  split  off  the  benzene  sulphon- groups 
with  hydrochloric  acid  it  was  resinified  (B.  28,  R.  756). 

These  substances  can  l>e  considered  as  derivatives  of  hydrobenzimidazoles,  which  re- 
snlt  in  the  moderated  reduction  of  acidylated  o-nitranilines  with  ammonium  sulphide 
(Raa,i396): 

Acet-O4iitrotoluide  Ozy-fA-methyl  Tolimidazole. 

These  are  relatively  stable  bodies,  which  yield  bennm\dazfiXe&  "wVAii  ^<t^  «x^  ^vssc^^^ 
with  noc-dmL 
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The  cyclic  phenylene  ureas,  -thioureas,  and  -guanidines  are  kei^^  tkio-^  and  imido- 
bentimuiazolines^  which  result  from  o-diamines  with  COCl.  and  CSCly  or  CS,,  with 
urea  and  thiourea  or  ammoDium  sulphocyanide,  with  phenyl  mustard  oil  and  caiixidi- 
imide  (p.  95) : 

^"*<NH;  +  ^^^^  («^  ^^S^) ^  C,H,<JJg>CX)  (or  C;H,<Ng>cS) 

Carbodiphenylimide  Pheoylenephenyl  Gnanidine. 

In  many  respects  these  bodies  behave  like  oxy-,  sulpho-,  hydro-,  and  amido-derivatives 
of  benzimidazoles,  and  permit  a  choice  from  the  two  formulas : 

I.  q,H,<^2>co(s .  NH)        11.  c;h,<j[J^c  .  oh(sh  ,  nh,). 

o-Phenylene  Urea,  Benstmidazoltm^  C^H^(NjiH,CO),  melting  at  508^,  is  also 
obtained  from  o-amidophenylurethane  (B.  xa,  1290 ;  23,  1047).  o-Toluylene  Urea, 
Cf  H^(N,H,)CO,  melting  at  290^,  also  results  in  the  saponification  o(  ft-ethoxytolimitlaxaU^ 
CfHs(N,H) :  C(OC,H5),  melting  at  163°.  The  latter  is  the  reaction  product  of  imido- 
carbonic  ester  and  o-toluylenediamine. 

o-Phenylenesulpho-urea,  TTiiobenMimidazoKne^  C^H^(N,H,)CS,  melting  at  29S® 
with  decomposition,  is  obtained  from  phenylenediamine  sulphocyanide  (A.  aax,  9; 
228,  244). 

o-Phenylene-phenyl  Quanidine,  fi-AnilidobenximidoioUne^  C^H4(CN,H,C^Hg), 
melting  at  i83°,  is  obtained  from  carbodiphenylimide  and  o-phenylenediamine. 

The  oxazoUs  and  thiazoles  correspond  to  the  imidazoles.  The  latter 
were  regarded  as  cyclic  amidines  (p.  495),  and  the  former  may  be  looked 
upon  as  cyclic  imido-ethers  and  alkylene  thioamides  (i,  269).  As  a  rule, 
these  bodies  are  as  little  changed  by  reduction  to  hydride  bases  as  the 
glyoxalines  or  imidazoles;  they  remain  unaltered  or  are  decomposed 
(comp.  B.  29,  2381). 


7.  OXAZOLES  OR  EURO  [bjMONAZOLES. 

I* 
The  oxazoUs  or  furo-\h\m<ma%oleSy  \  ]>0,  are  isomeric  with  the  isoxazoles 

ch — ch 

^  a 

(furo-[a]-monazoIon,  p.  493).    Oxazoles  are  produced  (i)  by  the  condensation  of  a-haloid 
ketones  with  acid-amides  (B.  20,  2576;  21,  2195): 

C.H.CO  NH,v^  C,H.C N^ 

^-Phenyl^>metbyl  Oxasole. 

It  may  be  assumed  that  here  the  ketone  and  amide  react  in  the  hydroxyl  form. 
(2)  When  concentrated  sulphuric  acid  acts  upon  benzoin  and  acid  nitriles  (B.  96, 
R.  496)  : 

CH. .  CO  C,H.C N^v 

•    *     I  +N  =  C.CH, >^   •(  ^.CH, 

C^Hg .  CH  . OH  CJtl^CH-0^ 

Benzoin  a|l-\)^\^v^Vi^HBDAid^iNsn3Utf^ 
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(3)  When  hydrochloric  acid  gas  acts  upon  mandelo-nitrile  (and  homolo^^ues)  and 
benzaldchydcs  []i.  29,2097): 

C  =  N  CH— N^ 

The  ozazoles  are  feeble  bases.  They  break  down  into  acids  and  amines  on  evapo- 
latioQ  with  hydrochloric  acid.  Oxidants  and  reducing  agents  frequently  rupture  the 
ozmade  ring  with  great  ease.     The  parent  substance  of  the  group  is  not  known. 

^-Phenyl  Oxacole,  C,H,(C^H5)NO,  melting  at  46°  and  boiling  at  222°,  is  made 
from  formamide  and  bromacetophenone.  /^-Phenyl-  and  a,/3-Diphenyl-^-methyl 
Oxasole,  melting  at  45®  and  boiling  at  242^,  and  melting  at  44^  and  boiling  at  192- 
195**  (15  mm.) ;  see  above.  a-Methyl-^-phenyl  Oxazole,  from  benzamide  and  chlor- 
■eetone,  is  converted  by  alcoholic  ammonia  into  phenylmethyl glyoxaline, 

a^-Diphenyl  Ozaxole,  melting  at  74^  and  boiling  above  360^*,  is  formed  from  benz- 
■mide  and  phenylbromacetaldehyde  by  method  I,  and,  together  with  benzalmandelic 
tmide,  from  the  nitrile  of  mandelic  acid  and  benzaldehyde  by  method  3  (B.  29,  205). 
Chromic  acid  oxidizes  it  to  phenylglyoxylbenzamide^  C,HjCO .  CO  .  Nil .  CO .  C^H^, 
iriiile  sodium  and  alcohol  reduce  it  to  bemylphenyloxethylamine^  C^H^CH, .  NH .  CH,  .- 
CH(OH)C^H^.  Nitric  acid  apparently  produces  a  nitrodiphenyl  oxazole.  It  is  con- 
▼ertcd  into  diphenylimidazole  when  heat^  with  ammonia. 

Dihydro-axazoUs^  oxatolitus^  are  produced  by  the  condensation  of  /3-haloid  alkyl- 
•midet  with  alkali  (B.  aa,  2220) : 

fLH  c/NHCH,.CH,Br c^^-CH, 

^-Bromethylbenzamide  f&-Phenylozazoline. 

/f-Phenyloxaxoline,  boiling  at  243^,  is  broken  down,  in  the  reduction  with  sodium 
and  amyl  alcohol,  to  oxethylbenzylamine,  OHCH, .  CH, .  NHCH^C^H^  (B.  29,  2382). 

/i-Methyl  Ozasoline  is  an  oil.     lis  ptcra/e  melts  at  159°  ^B.  23,  2502). 

]8-Methyl-/< -phenyl  Oxazoline,  boiling  at  244°,  is  obtained  from  /3-brompropyl- 
benzamide,  also  from  allylbenzamide,  C^H^  .  CO .  Nil .  CII, .  CH :  CH,,  with  concen- 
tnted  sfUphwic  acid  (B.  26,  2840)  (compare  glyoxalidines,  p.  499^. 

Amido-oxmoHms  or  imidotetrahydro-oxazoUs  are  the  so-called  allylene-V'- ureas. 

CIL— -Nn. 

Bthylene-^-urea,/<-amfV<7-0xaf^/rW,  1  ^C.CH, ;  lis  picrate  melts  at  158°. 

Propylene-Vf-urea,  fi-amidtha-metkyl  oxazoline  ;  its  picrate  melts  at  186^.  These 
oompoands  result  from  the  action  of  potassium  cyanate  upon  y9-bromethyl-  and  -propyl- 
amine. a,^-Diphenyl-/<-amidoxazollne,  melting  at  154^,  is  formed  from  diphenyl- 
oxethylamine  (p.  372)  and  potassium  cyanate  (B.  28,  1899). 

Derivatives  of  a  ketoieirakydro-oxazoU  have  been  obtained  from  carbamic-)3-haloid 
alkyl  esters  by  the  elimination  of  hydrochloric  acid  (B.  25,  R.  9) : 

C.H.N— CO— O 
q,H,NH.CO.O.CH,.CH,Cl >    *    *^^  ^^^ 

Phenylcarbamic  Cbloretbyl  Ester        n-Phenyl-fi-ketotetrahydro-ozazole. 


8.  BENZOXAZOLES. 

These,  like  the  production  of  benzimidazoles  from  o-phenylene 
diamines,  result  upon  heating  o-amidophenols  with  carboxylic  acids 
(P-  153)  • 

o^Amidopbeaol  fd-MclhyVbenzoaaxoVft. 
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The  benzoxazoles,  also  called  alkenylamidophenols,  are  weak  bases 
They  are  resolved  into  their  components  on  digesting  them  with  adds 
Some  l)enzoxazole  derivatives  are  substantive  cotton  dyes  (B.  aS 
1127). 

Benzoxaxole,  Methmylamidophenol^  C^H^^     ^^>  ™'^^  ^  3'^  ^^  ^'^  ^  ^f 

//-Methyl  Benzoxazole,  ethenyi amidopkenol^  boils «t  201^.  ^-Phenyl  Benxoiaflole 
melting  at  103**,  is  also  fornied  in  the  reduction  of  benzoyl-o-nitrophenol  (B.  9, 1526; 
29.  K.  358;  A.  2x0,384). 

/i- Amidophenyl  Toluozazole,  CH, .  C^H,/     ^ .  C^H^NH,,  melting  at  iSfi",  ii 

produced  in  the  reduction  of  p-nitrobenzoyl-m-nitro-p-cresol.  By  combiuation  of  its 
dia/o derivative  with  /^DaphthoI,  etc.,  carmine-red,  acid-sUble  substantive  cotton  dyci 
arc  produced. 

Oxy-  ami  M/iJ-derivatives  of  the  benzoxazoles  are  obtained  from  o-amidophenols  with 
(.)(  M\  or  CIO  ),K  and  CS,  or  CSCl,.  ^mi«/i9-deriyatives  result  on  heating  thio-  or  oiy- 
coni|K)unds  with  amines.  Here,  as  in  the  case  of  analogous  benzimidazole  compaoDds, 
two  funnulas  may  l>e  considered  for  these  bodies : 

'^^'•"•(n^*^^^")  C.H.<(^\c(SH)  q,H^°\c(NH,) 

t.H4<Nn>CO  C,II.<^,j>C:S  C,H«<gjj>C!NH 

M-Oxyboiizoxazolc  |i-Thiobcnzozazole  li-Amidobeiizozazole. 

Isornoric  alkyl  compounds  are  derived  from  the  two  forms  of  |i-oxybenzoxazoIe,  which 
may  1)0  distini^uishcd  as /<!< /r>/^  and  lactam  ethers  ox  O- ^n^  N-alkyl  derivatives.  'Ihe 
ainidiilicii/oxazoles  exhibit  similar  conditions. 

//  Oxybenzoxazole,  Curbonyl  Amidopheno! ^  C.HjNO,,  melting  at  137®,  is  insoluble 
in  alkalies.     Methyl  ioilide  converts  it  into  an  n-etnyl  derivative. 

n  Ethyl  Benzoxazolon,  C' H.<x;T~rT7T>C0,  mcltsat  29°.     //-Ethoxybenzoza- 

zole,  ( 'jl  I^'.     ^  ^.COC^I  I5,  is  formed  from  imidocarbonic  ester  and  o-amidophenol  (B.  19. 

26!;5).  //  Thiobenzoxazole,  C^H^NSO,  melting  at  193-196®,  is  soluble  in  alkalies 
aiMl  arninoni.i.  It  is  obtained  from  amidophenol  hydrochloride  by  the  action  of  potas- 
sium xaiiilKijTenatc  ;  also  from  o  oxyazol)enzene  and  CS,. 

//  Anilidobenzoxazole,  C-'-HjNjO(C,U5),  melting  at  137®,  is  produced  simultan^ 
on^ly.  The  latter  is  aKo  forine<l  on  heating  thiobenzoxazole  with  aniline.  //-Amido- 
benzoxazole,  (  ,Ilj;.\.,(>,  melting  at  130°,  is  isomeric  with  o-phenylene  urea  (p.  S^^)- 
It  results  on  s])lit(in^  (^It  hydrogen  sulphide  from  o-oxyphenylsulphourea  by  means  of  mer- 
curic oxide.  // Phenylimido  n-ethylbenzoxazolon,  C,H4<  »r,p  „  v >C :  N  .  C,Hj. 
is  formed  from  n-ethyl  ben/oxazolon  and  aniline  (J.  pr.  Ch.  [2],  42,  450). 


9.  THIAZOLES  OR  THIO  [b]-MONAZOLES. 

Just  as  the  oxa/oles  are  prepared  from  acid-amides,  so  the  thiazoles  or  thio'\\i\-mcin- 
(m) 
N         CI  I 
azoles^    \  ;>S,  are  obtained  from  the  thio-amides  and  a-haloid  ketone  derivatives: 

ifi)        (a) 


HjCCl  IIS  /  HC— S  ^ 

Chloraldchydc       TUxacelauvvA^t  v.-\^<eCto,>i\'\\kVMriMt. 
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Faitber,  thiaiole  and  its  homologues  result  from  the  action  of  nitrous  acid  and  alco- 
hol upon  /i-amidothiaioles  just  as  the  benzene  hydrocarbons  are  obtained  from  the 


Behavior:  Thiazole  may  be  derived  from  pyridine,  just  as  thiophene  is  derived  from 
bmgpe — f.  ^.,  by  imagining  a  CH  :  CH-group  replaced  by  sulphur.  Accordingly,  the 
Ihiftsoles  show  a  like  agreement  or  similarity  in  their  physical  and  in  part  in  their  cbem- 
iodproperties  with  the  pyridines,  just  as  the  thiophenes  do  with  the  l>enzene8. 

Ine  tbiazoles  are  tertiary  bases,  forming  addition-products  with  alkyl  iodides.  As  a 
inle,  they  are  stable  toward  oxidizing  agents ;  chloric  acid,  however,  destroys  them. 

Thimsole,  C,H,NS,  boiling  at  117°,  has  an  odor  like  that  of  pyridine.  It  results 
wheQ  N,0,  and  alcohol  act  upon  /<-amido-thiazole.  C,II,NS.  HCl.  AuCl,  melts  with 
decompotition  at  248-250<*.  C,H,NS .  HgCL  melts  at  202-204^.  a-Methyl  Thiazole, 
C^H|(CH,)NS,  boiling  at  232^,  is  obtained  from  its  amido-compound  and  by  distilling 
Methyl  oxythiazole  with  zinc-dust  (A.  250,  279).  The  isomeric  //-methyl  thiazole, 
boiling  at  128^,  with  an  odor  like  picoline  (see  this),  is  prepared  from  monochloracetone 
ipid  thiacetamide.  a,/<-Dimethyl  Thiazole,  boiling  at  143^,  from  chloracetone  and 
thiooetamide,  when  reduced  by  sodium  and  alcohol  is  resolved  into  ethyl  propylamine 
■id  hydrogen  sulphide.  It  condenses,  like  the  a-methylated  pyridines,  with  formic 
aldehyde  to  an  alkine,  C,HNS(CH,)(CH, .  CH,OH)  (B.  27,  1009). 

Trimethyl  Thiazole,  C,(CH,),NS,  melts  at  167°.  a-Phenyl  Thiazole  melts  at 
5a*  and  boils  at  273°.  Triphenyl  Thiazole,  melting  at  87°,  is  formed  from  thio- 
benzamide  and  bromdesoxybenzoln  or  desylbromide. 

HtUnid  thiazoUs  are  prepared  by  acting  with  concentrated  haloid  acids  upon  diazo- 
diiazoles: 

/f-Chlorthiazole  boils  at  145^  and  /<-bromthiazole  boils  at  171°. 

Ik'AmidothiazoUs  result  from  the  action  of  a-haloid  keto- compounds  upon  thioureas  : 

CH, .  CO  NH;s.  CH, .  C— N^ 

H,Ca  HS'^  HC— S^ 

•-Chloracetone  Thiourea  /i-Methyl-^-amidothiazole. 

Substances  are  formed  from  the  symmetrical  dialkylic  thioureas  which  are  derived 
from  imidothiazoline.     Consult  A.  265,  1 10,  for  isomeric  monalkylamidothiazoles. 

The  amidothiazoles  are  similar  to  the  anilines.  They  can  be  converted  into  diazo- 
oompounds,  and  through  these  into  haloid  thiazoles,  thiazoles,  thiazole-azo-dyes,  etc. 

/<-Ainido-thiazole,  C,H,(NH2)NS,  melting  at  90®,  may  be  prepared  from  dichlor- 
ether  and  thiourea.  Its  nitrate  is  converted  by  N,0,  into  Diazothiazole  Hydrate, 
C^H,f .  N:NOH)NS,  which  yields  yellow  to  brown-colored  azo-dyes  with  resorcinol, 
naphtbol,  etc.  (A.  246,  40).  M ethyl -/i-amido- thiazole,  CsH(ClI,)(NH2)NS,  melt- 
ing at  42°  and  boiling  at  136°  (30-40  mm.),  is  formed  from  chloracetone  and  thiourea 
or  ammonium  sulphocyanide  (B.  20,  3127).  Phenyl-/i-amidothiazole,  C,H(C,Hg)- 
(NH,)NS,  from (.»-chIoracetophenone  (p.  231),  y\^^%  phenvldiazothiazoU hydiate  (A.  261, 

HC-^  S 
14).     j9,n-Diinethyl-/<-methyl  Imidothiazoline,       u  >C:NCII„  melting  at  96°, 

CH,C— N.CH, 
is  obtained  from  chloracetone  and  symmetrical  dimethyl  thiourea. 

Oxythiatolis  are  obtained  from  a-sulphocyan- ketones  by  the  action  of  alkali : 

C-H..CO  C,IL.CO    H,Nv  C.II.C— N^ 

HjC.SCN  H,C S^  HC— S^ 

Salpbocyan-acetopbenone  Carbamthioacetophenonc  o-Phenyl-ffc-oxythiazole. 

/9-Methyl-/<-oz3rthiazole,  C,HrCH,)(OH)NS,  melting  at  i6o<>,  resulu  from  the  exit 
of  carbon  dioxide  from  its  carboxylic  acid  and  also  when  alkalies  act  upon  sulphocyan- 
acetooe  (A.  159,  297  ;  B.  25,  3652).  a-Phenyl-/f-ozythiazolq  melts  at  204**  (A.  249, 
16)  (lee  above). 

MertmpiHhiauiet  result  upon  heating  a-chlorketones  with  ammonium  dithiocarbaixi^< 

n-43 
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CH, .  C  —  N/ 


/3-Methyl-^-mercApto-thuisole,  i  ^C  •  SH,  melts  «t  90^. 


/?-Phenylinercapto-thiaxole  melu  at  168^  (B.  s6,  604). 
Thiazole  Carbozylic  Acids :  Their  esten  are  produced  in  the  ooodensation  U 
chloracetoacetic  ester,  chloroxalo-acetic  ester,  etc,  with  thiounides : 

CO,R.CHa    ^    ^^\ccH 5-^*^-^\c.CH 

CHj.CO  NH^         *  CI^.C— N^    *       * 

o-Chloracctoacetic  Ester      Thiacetamlde       DiinethyltbiAsole-aFcarbozirlic  Ester. 

Furthcnnore,  the  amitfo-,  oxy-,  and  mercapio-tkiaMoli  caiboxjlic  acids  are  fonnedby 
reactions  similar  to  those  employed  for  the  amido-,  0x7-,  and  mercapto-thiazoles,  if  in- 
stead of  the  ketone  derivatives  the  corresponding  ketone  carboxylic  acids  are  introduced 
into  the  reactions. 

/?  Methylthiazole-a-carboxylic  Acid,  C,(CH,)HNS(COOH),  melu  at  257°.  Its 
ester  is  obtained  from  amidomethylthiaxole  carboxylic  ester  (see  below)  by  convertiog  it 
into  chlorthiazolecarboxylic  ester  and  then  reducing  the  latter. 

//-Methyl-a,/3-thiazoleDicarboxylic  Acid,  C,(CH,)(COOH),NS,  melu  with  decom- 
position at  169**.  It  is  formed  from  chloroxaloacetic  ester  and  thiacetamide.  ^-Methyl- 
/?  thiazylacetic  Ester,  C,H(CII,)(CH,  .CO,R)NS,  boiling  at  239<»,  is  formed  from 
)  -bromacctoacetic  ester  and  thiacetamide. 

/i-Ainidothia2ole-/)-carboxylic  Acid,  Sulphuvinic  Acid,  C,HSN(NII,)CCK)H* 
(-}-  2H,0),  decomposes  at  245°,  and  is  formed  from  dibrompyroracemic  acid.  Its 
ester ^  melting  at  173^,  is  produced  from  monobrompyroracemic  ester  and  thiourea 
(A.  261,  25). 

//-Amido-methylthiazole-/9-carboxylic  Ester,  melting  at  175°,  is  obtained  from 
a-chloracetoacetic  ester  and  thiourea.  Its  diazohydrate  melts  at  lOO®  with  decomposition. 
/i-Oxy..^methylthiazole  Carboxylic  Ester,  C^(OH)(CH,)SN  .CCX>C,H5.  melting  at 
128°,  is  formed  from  a-sulphocyanacetoacetic  ester  (A.  259,  2S4,  298).  ^-Mercapto-/3- 
methylthiazole  Carboxylic  Ester,  C,(SH)(CH,)SN.  COOCjHj,  melting  at  I4i*>,  is 
formed  from  a  chloracetoacetic  ester  and  ammonium  dithiocarbaininate  (B.  26,  R.  604). 

Dihydrothiazoles  or  thiazolines  are  synthesized  from  (l)  alkylen  haloids,  or  /3-haloid 
alkylamines  and  thioamides  (B.  24,  783  ;  29,  2610) : 

CIL.NH,  NII5S,  ^    CH,— N^ 

CIIj.Br        ^      SH/  •  CH,— S^  * 

(2)  By  the  action  of  P^Sj  upon  acidyl-/3-bromalkylamides  (B.  26,  1328)  : 

l^he  thiazolines  are  much  more  readily  decomposed  than  the  thiazoles.  ^-Methyl 
Thia2oline,  boiling  at  145°,  on  evaporation  with  hydrochloric  acid,  becomes  /^-amido- 
ethyl  mercaptan.  /z-Phenylthiazoline,  lx>iling  at  276^,  is  obtained  from  benzoyl- 
/^bromethylamide  by  the  action  of  P^Sg.     It  yields  benzoyl  taurine  when  it  is  oxidized: 

CH,— S\  O        CH,— SO,H 

I    '      >c.c.n, ^,    '       •  (B. 23.  158). 

CII,— N^  CH,— NH— COC,H, 

a-Methyl-//-tolylthiazoline,  C3H,(CH,)(aHT)NS,  boiling  at  295^,  is  made  from 

CH,— S  V 
/3-brompropyUolylamide  and  PjSj.    Thiazoline-^-mercsptan,    1  ^CSH,  melt- 

ing at  107°,  is  prepared  from  bromethylamine  and  S,C  (B.  22,  1 152),  as  well  as  by  the 
action  of  carlx)n  bisulphide  u|X)n  vinylamine,  CH, :  CH  .NH,  (B.  28,  2932). 

The  alkylcn  derivatives  of  pseudosulphourea,  previously  discussed,  are  amidofAiazo- 
lines,     Tiiey  have  mostly  been  o\)VaAive(\.  V>^  xt^vxi^x^ijnBkSDLV  oC  all^l  thioureas  [thiosin' 
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mmimeSf  1, 409) :  ^-Anilido-a-methyl  Thiazoline,  o  PhtnylpropyUne-y^-ihiourea,  C,!!,- 
ICH3)NS(NUCHj),  melting  at  117°,  b  made  from  allyl  pbeoyltbiourea : 

iH.  _  N>NHC,H,  (B.  aa.  2991). 

^-Pipeiyl-a-metbyl  Thiaxoline,  C,H,(CH,)NS(NC5H,o),  boiliDg  at  2770,  is 
abuined  from  aHylpipeiyltbionrea  (6.  24,  265).  /i-Methylamido-a,3-diphenylthi- 
■lolinc,  C^H,(C^Hj),NS(NHCH,),  melting  at  155®,  is  derived  from  diphenyloxyethyl- 
uniiie  (p.  372)  and  methyl  mustard  oil  (B.  a8,  1900). 

Tlie  following  are  derivatives  of  tetrahydrothiazole : 

CH,  — S 

j9i^Diketotetrahydrotbiasole,  or  Mustard  Oil  Acetic  Acid,   1  ^y,>  ^^* 

mehing  at  112^.     It  resalts  on  evaporating  sulphocyan acetic  acid  or  sulpbocyanacet- 
"  \  with  adds  (B.  a6,  R.  324 ;  1,  423). 


j9,^-Ketoimidotetrahydrothiazole,  1     '       -_,  >CNII,  melting  at  71°,  is  formed 

CO   —  CHj 
in  the  actioo  of  concentrated  snlphuric  acid  upon  sulphocyanacetamide.     /3,//-Diketo- 

COOH  .  CH, .  CH  —  S 
tetrabydfothiasole  Acetic  Acid,  1  ,  >C :  NH,  melting  with 

OC NH 

deoompositioo  at  169^,  is  formed  from  /?|/x-imidoketotetrahydrothiazole  acetic  acid, 
COOH.CH,.CH-.S 

I  xTu^^  •  NH,  melting  at  216®,  which  is  the  condensation  product 

OC  Pin 

of  cliloiiiiodnic  acid  and  thiourea  (B.  27,  R.  742). 


10.  BENZOTHIAZOLES. 

The  benzothiazoles,  the  analogues  of  the  benzimidazoles  and  l)enzox- 
aiolcs  (afUiydro-bases)  dj^  prepared  (i)  from  o-amidothiophenois  (p.  157) 
and  carboxylic  acids  (their  chlorides  or  anhydrides)  by  the  exit  of  water 
(A.  W.  Hofmann,  B.  23,  1224): 

^"*<NH,  +  ^^"^ ^  ^'"^Xn^^  •  ^' 

(3)  Upon  heating  add  anilides  with  sulphur,  or  oxidizing  thioanilides  with  potassium 
far icjrMude ; 

Thiobenzanllidc  M-Phenylbenzothiazole. 

Fhenylbenzothiazole  is  also  produced  on  heating  henzylamine  with  sulphur.  Hydro- 
len  Mlphide  is  evolved  and  thiobenzanilide  is  first  formed,  which  then  reacts  in  the  sense 
above  indicated  (A.  259,  300^. 

The  benzothiaioles  are  feeole  hases ;  their  odor  resembles  that  of  quinoline.  Fusion 
with  caustic  potash  resolves  them  into  amidothiophenols  and  carboxylic  acids. 

Diflcfent  benzothiazole  derivatives  are  important  as  substantive  cotton  dyes. 

BimMiotlihiuoU^  Metkenyl  amid<^hiophrnol,  C^H^(^^  boiling  at  234*',  is  pro- 

doeed  fiom  o-amidothiophenol  and  formic  acid,  or  formanilide  and  sulphur. 
CH 

BensiMithiaiole,  C^H4<  1    >S,  boiling  at  242*',  is  isomeric  with  benzothiazole. 

It  b  iBmied  in  the  reduction  of  the  o-nitrobenzyl  ester  of  carbaminthiolic  acid  or  of 
o-nkrobenxflniercaptan  (p.  180)  (B.  28,  1028;  29,  160).  /i-Methylbenzothiazole, 
C;H4(NSC;H,)»  boils  at  238<».    /i-Phenylbcnxothiazole  mehs  at  114**-    A*»P-Amido- 

ptenyl-tolafhiasole,  Dehydrothiotoluidine,  CH, .  C^H,;^  J^C .  C^U^.NHv^'' 
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ing  at  191  **,  is  produced  when  thiotolaidine  11  heated  with  iolphur.  Its  irimitkylam- 
monium  chloriiU  derivative  is  the  dye  Thioflavin.  DehydrotoloidiDe,  when  fortber 
heated  with  thiotoluidine  and  sulphur,  yields  the  base  of  the  dye  Primalin : 

CH,  q,H,/^\c .  QiH.<^^c.  <;h.nh,. 

A  series  of  benzothiazole  derivatives  has  been  obtained  from  chlotpheas^-maiUfd 

oil,  or  /zchlorbenxothiazole,  C^H^^^CQ,  melting  at  24^  and  boiling  at  248^.    It 

results  when  PCl^  acts  upon  phenyl-mustard  oil.  The  reduction  of  chlorphenyl-mostard 
oil  leads  to  benzothiazole;  with  alcohol  we  get  ^-oaybenaoChiaBole ;  with  sodiiw 
cthylate,  //-elhoxybenzothiazole ;  with  sodium  sulphydrate,  sulphydro-,  with  ammoait, 
amido-,  and  with  aniline,  anilido-benzothiasole.  ^c-Ozybensothiaiaole,  CH^fNSC- 
OII),  melting  at  136®,  is  formed  from  chlorcarbonic  ester  and  amkloChioplicnoL 
/i-Ethoxybenzothiasole,  ethoxy-mustard  oil^  C^H4(NSCO.Hj), melting  at  25®  and  boil- 
ing al>ove  360°,  results  upon  oxidizing  phenylthiomethane  with  potassium  ferrKyanide. 

//-Sulphydrobenzothiasole,  CgTi4(NSC .  SH),  melting  at  179S  u  ako  obtiined 
from  amidothiophenol  and  CS, ;  from  azobenzene  with  CS, ;  from  ^enyl-mnstaid  oil 
and  sulphur,  etc.  (B.  24,  1403).  ^-Amidobensothiaaole,  CLH  J  NSC .  NH,), 
melts  at  129<'  (B.  13,  II).  /z-Anilidobenzothiaaole,  C;H.(NSC  .  NHC^H^),  melting 
at  159°,  is  also  formed  from  azobenzene  and  phenyl-mustard  oil  (B.  24,  1410).    Bis- 

benzothiazole,  CjII^^  ^C  .  C^  e^^t^i  (^'  •9»  ^'  *7)»  "•  prodoc^  w*»«n  w"^!*" 
is  heated  with  acetanilide. 

The  hypothetical  nucleus  of  Selenazole,  1  /^u>^»  corresponds  to  ihiazolc. 

CIi  "^  CH 
Some  derivatives  of  it  have  been  obtained  in  a  manner  similar  to  that  used  with  the 

analogous  thiazole  derivatives.     //-Methyl  Selenazoline,  1  '  ^Se,  boiling 

CHj  —  CH|  — ^ 
at  161°,  results  on  treating  di  acetamidoethyldiselenide,  (CH, .  CO .  NH  .  CH, .  CH,Sc),, 
with  phosphorus  pcntachloride.     It  is  an  oil  with  an  odor  resembling  that  of  pyridine  (H. 

25,  3048).     //Imidotetrahydroselenazole,  Eihylene-y^-seUnureay  \  )Se, 

CH, CHj/ 

is  an  oil.     It  is  obtained  from  bromethylamine  and  potassium  selenocyanide  (B.  13, 

X      ^,  ,         t  .       .,  ,  CH,  — NH  — C:NH   . 

1003).     The  nng-homologous  tnmethylene-V'-selenurea,  1  ,  is  pre- 

CHj  —  CH,  —  Se 
pared  in  an  analogous  way. 


II.   OSOTRIAZOLES  OR  PYRRO-[aai]-DIAZOLBS. 

CH  =  N\ 

Osotriazofus  (l,  328),  pyrro\a,n^-dtazoU5^  \  pNH,  derivatives  of  osotriazole, 

are  formed  : 

1.  By  boiling  with  acids  or  distilling  the  osazones  of  o-diketo-compounds,  or  the  060- 
tetrazones,  which  are  the  oxidation  products  of  the  osazones: 

C.H,.C  -  N-NIIC,H, ^C,H,.C  =  N-Nq,H. ^q,H,C  =  N^ 

C,Hj.C.^N— NIIC.H^  CjHj.C  =  N— NCjHi  C,H,C  =  N^  * 

Benzil  Osazonc  Benzil  Osotetrazone  Triphenyl  Oflotriazole. 

2.  By  the  action  of  acetic  anhydride  or  PCI^  upon  the  hydraaoximes  of  the  o-diketo* 

compouni\s\  water  is  split  off  in  tViVs  iew:V\oii  I5.  iia\  • 
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c;h»— c=NOH  c.h,c=n/   '  •  ** 

The  methyl  phenylhydrazones  of  a-ketoximes  also  yield  osotriazoles  with  the  elimina- 
tioo  of  methyl  alcohol  (Pechmann,  A.  a6a,  265). 

Behavior:  Osotriazoles  are  mostly  feeble  basic  liquids  with  an  odor  resembling  the 
alludoids.  They  distil  without  decomposition.  Their  imide  hydrogen  can  be  replaced 
by  metals.  The  phenyl  group  of  the  n-phenyltriazoles  can  be  split  off  after  amidation 
by  simple  oxidation.  Potassium  permanganate  oxidizes  c-alkylosotriazoles  to  osotriazole 
carboxylic  adds.     However,  the  osotriazole  ring  is  stable  toward  most  reagents. 

Oiotriasole,  C,H,N,,  melting  at  22°  and  boiling  at  204°,  is  obtained  from  its  car- 
boxylic  acid  (see  below).  Silver  nitrate  precipitates  osotriazole  siher^  C,I-I,N,Ag,  from 
its  aqueous  solution.  Benzoyl  chloride  produces  n-benzoyi  osotriazole^  melting  at  looP. 
n-Phenyloaotriazole,  C^H,N,.  CgHj,  boiling  at  224°,  is  formed  from  its  carboxylic 
add  or  from  glyoxal  osotetrazone.  n-Phenylmethylosotriazole,  C,H(CH,)N, .  C^FIj, 
boiling  at  150®  f6o  nmi.),  is  obtained  from  methyl  glyoxal.  n-Phenyldimethyloso- 
triajKUe,  C,(CH,)|N,.  C^H^,  boiling  at  192^  (60  mm.),  is  formed  from  dimethyl  glyoxal 
(1,328;  II,  124).  Triphenylosotriaxole,  C,(CgHg),N,,  melting  at  122°,  is  obtained 
from  benzil  (B.  ai,  2806). 

n-Phenyi-c-aniido-c-methylisotriasole,  C;(CH,)(NH,)N,CH.,  melting  at  83®, 
b  formed  from  acetylamidrazonphenylhydrazone,  C,H5NHN:C(^fH,) .  aCII,) :  N  . - 
NHCgHg  (B.  a6,  2783;  a8,  1283).  It  forms  a  diazo- compound^  which,  on  l)oiIing  with 
water,  l>ecomes  n-phenylmethyl  ozyosotriazole,  C,(CH,)(OH)N,C,Hj,  melting  at 
141^,  and  with  potassio-copper  cyanide  it  forms  n-phenylmethylcyantriazoU. 

n-Phenyldiamido-osotriasole,  C,N,(CHj)(NH,)|,  melting  at  143°,  is  derived  from 
oxalenphenylhydrazide-amidoxime,  C^H^NH .  N:C(NH,)C(NH,)  :NOH.  In  certain 
respects  it  shows  great  similarity  to  the  aromatic  o-diamines  (p.  95),  in  that  it  forms  an 
on'fi^-like  blue  dyestuff ;  with  o-diketones  it  yields  quinoxaline-\^^  bodies.  It  does  not 
form  anhydro-\ii3C&,  Nitrous  acid  converts  it  into  a  stable  ^/rV/s^^compound,  which  is 
readily  changed  by  sodium  acetate  to  phenylosotriazole-azimide^ 

QJAJt^^  I  ^N.    The  latter  can  be  readily  decomposed  into  the  diazo-com- 

pound  (A.  295,  129). 

n-Phenyltriasole  Aldehyde,  C,H(CHO)N,C,H5,  melting  at  70°,  is  obtained  from 
its  oxime,  melting  at  II5°»  which  is  formed  from  diisonitrosoacetone  phenylbydrazone, 

HON:CH.C  =  N.NHC,H5^  x      „     ^        .      ^  u      ,.     •       u 

L  (li  479) •     By  the  exit  of  water  the  aldoxime  becomes 

CH  =  N.On  ^»"»'^^        ^ 

n-pkenylcyaniriazoie,  C(CN)HN.CJl5,  melting  at  94*'. 

Osotriaxole  Carboxylic  Acid,  C,(COOH)HN,H,  melting  at  21 1<>,  results  in  the 
oxidation  of  n-amidophenylosoiriazole  carboxylic  acid  with  potassium  permanganate. 
The  latter  add  is  obtained  by  the  amidation  of  n-phenylosotriazole  carboxylic  acid, 
C,(COOH)HN.C^Hj,  melting  at  192°,  the  oxidation  product  of  n-phenylmethyltriazole. 
Pneoylosotriazole  carboxylic  acid,  when  reduced  by  sodium  amalgam,  is  resolved  into 
pmssic  acid  and  phenylhydrazido-acetic  acid,  n- Phenylosotriazole  Dicarboxylic 
Acid,  C,(COOH),N,CgH(,  melting  at  236°,  from  phenyldimethyltria7x>le,  readily  yields 
an  anhydride^  melting  at  184°. 

The  pseudo-asimides  may  be  viewed  as  benzo-derivatives  of  osotriazoles.  A  con- 
stitution similar  to  that  given  the  indazoles  has  been  ascribed  to  them,  hence  they  may 
be  called  indodiatoUs  : 

c;h,<^">nr  c,h,<JJ>nr 

Indazoles  Pseudoazimides. 

pMiidoAzimides  are  produced  when  o-amido-azo-compounds  are  oxidized  (comp.  B. 
95,  901 ;  sy,  2374,  etc.).     The  condensation  can  also  be  eS(ecXe4\y)  xDft^^'&  <A  ^v^kc^v 
dikiride  (B.  sl^  2201). 
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Should  the  amido-groap  be  substituted  the  ozidmtioo  will  give  rise  to  maatmm 

hydroxide  comnoonds  (B.  ao,  1 174 ;  18,  328).  Heretofofe,  such  compouds  woe  air 

prepared  from  tiAses  of  the  naphthalene  aeries.  This  reactioD  can  easilj  be ]ude«t» 
gressive  by  reducing  agents : 

ho,,c;h, 

u  Amido-azubenxcne  n-Phcnyl-^iimldo-     Benxrne-asooaphtbyl- 

benzene,  m.  p.  log^  aniline 

o-Anilidonaphthalene-azo-benzoic  acid  jriekis  the  acid  of  the  latter  compoaad.  h 
readily  changes  to  a  bctalne-like  anhydride  :  ^   j j  <^>i7  C  H~io  ^^'  *"* ^ 


Qyj CHv 

12.  PYRRO[ab]DIAZOLES:  I      ^    r/^^' 

The  a/imides,  or  benzopyrro[ab]diazoles,  are  Isomeric  with  the  pseiidoiaisidtt 
The  oxidation  of  azimidotoluene  produces  pyrrofabjdiazole  dicarboxylic  add,  vUd 
by  (he  loss  of  CO,  becomes  azole,  the  constitution  of  which  is  proved  by  this  metbodcf 
iurination  (B.  26,  2736)  : 

/NIK    ^  ^  coon. C— NIK  HC— MK   ^ 

cn,.c.ii,(       >N y  1;         >N >-    ;         :.N 

^N^  COOH.C N^  lie— N   -' 

Azimido-toluene  Pyrrodiazolc  Dicarboxylic  Acid  PyTTo[ab]diazole. 

Pyrro[ab]diazole  boils  at  209°;  its  ^^wzm'-dcrivative  melts  at  iii°.     PyrroliL 
diazole  Dicarboxylic  Acid  melts  with  decomposition  at  200°.      n - Phcnylpyrn>[ib 
diazole  Dicarboxylic  Acid,  C,(COC)H),N5(  jllj,  melting  at  150°,  is  probably  the  add, 
ilu'  t./ip-  (in.  p.  127°)  of  which  is  pro<luced  when  diazobenzene-imide  acts  upon  tcttyl- 
cnt'  «licarU).\ylic  ester  (B.  26,  R.  585) : 

/N  C.CO.R  N  =  N 

^N  C .  C(),R  CO,R .  C  ^  C  .  CO,R. 

This  reaction  is  similar  to  that  by  which  pyrazole  carboxylic  esters  are  formed  from  diuo- 
acclic  with  acrtylcne  dicarboxylic  esters  (p.  4S5). 

("<»nsult  J.  pr.  (h.  [2],  53,  341,  for  an  n-ozypyrro[ab]  diazole  dicarl>oxylic  acid. 

Benzopyrro[ab]diazoles  or  azimide-benzenes  result  from  the  action  of  nitroos 
acid  u|)on  odiuniines  (p.  96) : 

r  II  .    NH, ^  /     ,j  ^N  =  NOH\ .    ^  „  /N    Vv 

o-Phenylciicdiainine  o-Amidodiazooenzene  Azimidobenzene. 

When  tlie  benzene  nucleus  is  substituted  then-substituted  azimidobenzenes  occur  in 
two  isomeric  forms,  determined  by  the  position  of  the  NR-group  with  reference  to  the 
benzene  subsiituents.  This  is  a  proof  of  the  unsymmetrical  structure  of  the  azimidoben 
zenes.  W  hen,  however,  the  Nil-group  is  free  there  always  appears  to  be  but  one  pre 
lerred  jMJsition  of  the  hydroj^en  atom  (see  uramidoazimidobenzoic  acids,  p.  212  and  A. 
^9"'  3 '3)-  The  azoTmidol>en/enes  no  longer  manifest  the  instability  of  the  dia/o  of 
diaz:uni«lo derivatives,  but  can  lie  tlistilled  without  dccomix>sition.  The  imide  hydrogrt 
can  bo  replaced  by  alkyls.     The  tertiary  bai.es  form  ammonium  bases  with  alkyl  iodides. 
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i-OxyjVr/ia/itrjof  iheazimido-benzenes,  the  Azimidoles,  are  formed  when  alkalies  act 
ipoD  o-nitrophenylhydrazines  (B.  27,  3381 ;  ag,  R.  790) : 

.NH—NH,  .N(OH),  .NH— Nv 

^Nitropbenylhydrasine  Azimidole. 

Asimido-bensene,  C^H4(N,H),  melting  at  98^,  is  isomeric  with  diazobenzene-imide 

III).   J[2]n-Phenylazimido[4]ethoxy-benzene  melts  at  108°.     [2]n-Phenyl- 

" i>[5jethozy-bensene  melts  at  99°  (compare  J.  pr.  Ch.  [2],  53,  97).    n-Tolyl- 

>-toluene,  CYHg(N3.  C^H.),  melting  at  95°,  is  derived  from  o-amidoditolylamine 

15,  1633),  and  is  isomeric  witti  n-fofyl-^aamido-fo/uem  (p.  510),  melting  at  126°. 

Bwwoiffimidolc,  C,H4(N,OH),  melting  at  157^',  is  formed  in  the  action  of  alkalies 

o-nitrophenylhydrazine.    It  is  a  rather  strong  acid.     It  yields  the  iodethylate  of 

rlailmidobenzene  with  ethyl  iodide.     Hydriodic  acid  reduces  it  to  azimidobenzene, 


lAOe  pocassiiim  permanganate  oxidizes  it  to  a  strong  tribasic  acid,  probably  n-oxypyrro- 
(•b]iUaide  dicarboxylic  acid  (see  above). 


13.  TRIAZOLES. 

^  (3)CH  =  N    V 

^.    Thm  tnMnlci  oi /lyrro-lahiydiazoles,      t  ^NH(i),  are  isomeric  with  oso- 

~  ibiMole  and  pyno[ab]-diazoIe.  The  symmetrical  formula  of  a  pyrro-[bbj]diazole, 
JL  ^  ruy^^*  ™*y  ^  suggested  for  the  simplest  triazole ;  certain  of  the  n-alkyl  tria- 
Hles  inCiodiiced  here  are  derived  from  it.     In  behavior  the  triazoles  recall  the  pyrazoles 

PmrutatioH  of  Trianoles:  (l)  Cyantriazoles  are  formed  when  the  anhydrides  of  fatty 
"  I  act  upon  dicyanphenylhydrazine  or  cyanamidrazone  (B.  a6,  2385).    Aldehydes  and 
— \  react  similarly  (Bladin,  B.  z8,  1544;  25,  183) : 


CII.C=N-NHQ,H,  CN.C=N-NH(^H.      CN.C=  N 

iSth.  +(ch.co),o^     VcacH.     "^     ^=c^c^t'' 

Dkyanpbenylhydrazine  3-Cyan-s-inethylphenyl- 

triazole. 

Aoetylcyantmidnsone  is  an  intermediate  product.  It  may  be  viewed  as  a  mono- 
MnuoDe  of  a  /9-diketone,  the  terminal  CH,-group  of  which  has  been  replaced  by  NH  ; 
tUa  renders  the  reaction  parallel  with  that  of  the  formation  of  the  pyrazoles  from  the 
hfdraaones  of  the  i9-diketones. 

Other  awndrmones  or  hydrazidines  (p.  129)  (6.  27,  3273) — e,  g.y  phenylamidrazone- 
■elhyl  ketone  (B.  26,2782),  amidoguanidine  (B.  26,  2598),  benzoylbenzenylhydrazi- 
dbe  (B.  97,  989),  etc. — react  like  cyanamidrazone. 

(3)  Acidylthiosemicarbazides  of  the  general  formula  HS .  C(NHR)  :  N .  NHCOR, 
when  heated  beyond  their  melting  point,  yield  mercaptotriazoles,  whicn  change  to  tria- 
solcs  npoD  oxidation.  The  resulting  triazole  derivatives,  so  far  as  they  are  formed  from 
■-•Ikylic  thioiemicarbazides,  are  derived  from  a  pyrro[L)bi]diazole  (see  above)  (B.  29, 

I.  HS.C  =  N— NH ^HS.C  =  N— NH  HS.C  =  N— N 

^H,    oiH        ^      A <!:h    "*'  iIth CH 

n.  HS.C=N— NH ^HS.C  =  N— N 

/thr  oin       ^      iStr c:h. 
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(3)  Triazoles  malt  opon  ditdlUng  triaaolons  and  uruoles  with  P^  (see  p.  481)  (B.  aSi 
225  ;  27,  R.  408)  : 

CO-NH— \  P^      :.    CH  =  N s,^c.H 

il=  C.  CH./^-^"*  ^l^==C.CH,y^^"» 

Phenyl  methyltriazolon  Pbcnylmethyitriasole. 

The  chlortriazoles  formed  by  the  action  of  PC1|  upon  the  triasolons  can  be  reduced  to 
triazoles  (below). 

(4)  The  method  of  prodaciog  triazoles  by  the  condensation  of  acid  hydrazides  with 
acid  amides  is  ver^'  simple  (B.  27,  R.  801).  The  reaction  can  be  farther  simpHBed  bj 
allowing  one  molecule  of  hydrazine  hydrochloride  to  act  upon  two  molecules  of  the  add 
amide ;  the  acid  hydrazide  will  be  formed  in  the  first  phase  (Gaz.  chim.  ital.  26,  11, 
413): 

HCO  NIL .  NH .  CH              HC  =  N— NH— CH              CH  =  N    \  ,„ 

I         +  II    >-     I  I    >-  I  )nh 

NH,  O                   NH^                  O                N==CH'^ 

Formamide  Formhydrazide                                                                           Triazole. 

Behavior  :  The  triazoles,  like  the  other  pyrrodiazoles,  are  feebly  basic,  nearly  neutnl 
Ixxlies.  'llie  platinum  chloride  double  salts  behave  similarly  to  the  pyrazoles  (p. 
481,  Gaz.  chim.  ital.  a6,  ii,  417).  The  imide-hydrogen  is  replaceable  by  metals, 
c- Alkyltriazoles  yield  tnazole  carboxylic  acids  when  they  are  oxidized.  In  the  n-pbenjl 
triazoles  the  phenyl  group,  particularly  after  amidation,  is  split  off  by  oxidation  (compare 
n-pbeiiyl  pyrazoles,  n-phenyl  osotriazoles,  pp.  483,  508). 

Triazole,  C^IlsN,,  melting  at  121®  and  boiling  at  260^,  is  obtained  (l)  from  form- 
amide  and  formhydrazide;  (2)  by  distilling  urazole  withP|Sj;  (3)  from  its  carboxylic 
acid  ;  (4)  in  the  oxidation  of  mercaptotriazole  with  hydrogen  peroxide  (B.  29,  2485). 
n-Methyl-  and  n-ethyl  triazoles  are  similarly  formed  from  the  corresponding  mercap- 
tan  derivatives.  3-Methyl  Triazole,  C,H,(CH,)N,,  melting  at  94°,  is  derived  from 
n -phenyl-3-nielliyl  triazole  by  elimination  of  the  CjHj-group  by  the  oxidation  process 
(H.  25,  225).  n-Phenyl  Triazole,  CjUjNjCjHj,  melting  at  47**  and  boiling  at  266®, 
is  derived  from  its  carl)oxylic  acid.  n-Phenyl-3-metbyl  Triazole,  C,H(CH3)N3C,Hj, 
melting  at  87®  and  Iwilinj:^  at  274®,  results  when  PjS^  acts  upon  n-phenylmethyl  triazo- 
lon.  Isomeric  1, 5- Phenyl  methyl  triazole,  melting  at  191°,  is  formed  from  its  car- 
boxylic acid.  1,5-Diphenyl  triazole,  melting  at  91°,  is  produced  when  l,5-phenyl-3- 
chlortriazole  is  heated  to  150-160°  with  phosphorus  and  hydriodic  acid.  c-Diphenyl 
Triazole,  ^(CjHjjjNjII,  melting  at  188°,  is  oUained  from  benzoyl  ben  zenyl  hydrazidine 
(p.  205).     c-Difuryl  Triazole,  Q(CJl3,0),NjH,  melting  at  I'Ss®,   is  formed   when 

yNH,     HNv 
difurylhydrazidine,  C^HjO  .  C<^  ^C  .  C^HjO,  is  boiled  with   glacial   acetic 

acid  (H.  28,  465).  1,3,5-Triphenyl  Triazole,  melting  at  104®,  is  produced  in  the 
condensation  of  phenylhydrazine  with  benzonitrile  in  the  presence  of  sodium  (B.  29,  R. 
1125). 

Chlortriazoles  result  on  heating  triazolons  with  PCI5  and  POCIj  to  elevated  temper- 
atures. The  chlorine  in  them  is  intimately  bound  and  can  only  be  removed  on  heating 
with  Hl-f  P.  I  Phenyl  5-chlortriazolemeltsat54°.  i,5-Diphenyl-3-chlortriazole 
melts  at  96°.     i-Phenyl-3,5  dichlortriazole  melts  at  94®  (B.  29,  2671 ;  C.   1897, 1, 

857). 

Mercaptotriazoles,  from  acidylthiosemicarbazides  (see  method  2),  yield  disulphides 
by  gentle  oxidation.  More  energetic  oxidation  splits  off  sulphur,  and  triazoles  result. 
Mercaptotriazole  melts  at  216°.  n-Methyl  and  n-Ethyl  Mercaptotriasole  melt  at 
l680and97®  (B.  29,  2484). 

5-Amido-3  methyl  Triazole,  C2(NII,)(CH,)N,H,  melting  at  148^',  is  obtained  from 
yNHNH, 
acetylamidoguanidine,  NH,.C^^jj    ^^    ^^^   (6.26,2589).     a-Acctyl-l-phcnyl-s- 

methyl  Triazole,  Cj(COCri3)(CII,)N3CjH5,  melting  at  89°,  is  derived  fromphenylami- 
drazon-methyl  ketone  (B.  26,  2787).  3-Cyan- 1 -phenyl -5 -methyl  Triaxole,  melting  at 
log°,  is  formed  from  dicyanphcn^Vh^di^iuve  V?tt  «>awOj. 


BISTRIAZOLE.  5  I  3 

Triazole  Carboxylic  Arids  :  Triazole-3-carboxylic  Acid,  C2H2(COOH)N3,  melts 
^fvith  decomposition  at  137°.  It  is  produced  in  the  oxidation  of  methyl  triazole  and  when 
ftCMnO^  acts  upon  o-aniidophenyltriazole  carboxylic  acid.  n-Phenyl  triazole-3-car- 
fcM»xylic  Acid,  C,H(COOH)N, .  CH^,  melting  at  184°,  is  derived  from  phenylmethyl 
Ksiazole  as  well  as  by  the  exit  of  CO,  from  n-phenyltriazole-3,5-dicarbozylic  acid, 
^.(CH,)(COOII)N,  .  CgHj,  which  is  prepared  by  the  oxidation  of  o-phenyl-5-methyl 
»le-3-carbozylic  acid,  C,(CH,)(COOH)N,.  C,H,.  melting  at  177°.  The  latter 
a  from  the  saponificatioo  of  its  nitrile,  as  well  as  by  the  moderated  oxidation  of 
riphenylmethyl  triazole. 

wisirunoUs  are  formed  in  the  action  of  acids  (and  their  anhydrides)  upon  cyanhydra- 
I  and  -phenylbydrazine  (B.  a6,  2389)  (B.  ai,  3063  ;  30,  1194) : 


Cyanphenylhydrazine  Bis-phenylmethyl  Triazole. 

Bistriaaole,  (C,H,N,)„  from  cyanhydrazine  and  formic  acid,  is  a  compound  sub- 
Bins  above  jpo^, 

HydrUriatoU  Derivatives  :  The  triazolons  are  keto-derivatives  of  dihydrotriazoles. 
They  can  ako  be  viewed  as  oxytriazoles  (compare  pyrazolons,  p.  486,  and  C.  1897,  11, 
S69).  Thej  are  produced  (i)  by  the  interaction  of  acetyl  methane  and  phenylhydra- 
abiei  (Andreocci,  B.  aa,  R.  737) : 

CH-— CO  CH,— C=  N  V 

^         _^     +NH,.NHC,H. ^       *     I  >NHC.H.. 

NH— COOR^        *  •    *  HN— CO/         *    * 

The  leaction  suggests  the  formation  of  phenylmethylpyrazolon  from  acetoacetic  ester 
and  phenylbydrazine.  Acetyl  urethane  is  acetoacetic  ester  in  which  the  CH,-group  has 
been  replaced  by  NH  (see  above)^ 

I-Phenyl-5-triazoIon»  CJI^N  —  N  =  CH  —  NH  —  CO,  melting  at  183°,  has  been 
prepared  from  its  carboxylic  acid — i-phenyl-5-triazolon-3-carboxylic  acid.  The  latter 
M  produced  when  KMn04  acts  upon  i-phenyl-3-methyl-5-triazolon,  melting  at  167° 
and  boiling  above  300**  (B.  a4,  R.  203). 

With  these  1,5 -triazolons,  isomeric  1,3-triazolons  or  oxytriazoles  are  produced  (l)  on 
digesting  acid  derivatives  of  phenylsemicarbazide  with  dilute  alkali  (B.  ag,  1946) : 

r  H  M/COR  .   ^  „  M/^^=  ^ 

^^f^<m\--CO.  NH, ^  ^•"»^<NH-to 

(2)  By  the  condensation  of  phenylsemicarbazide  with  aromatic  aldehydes  in  the 
presence  of  an  oxidant  (C.  1897,  i,  809),  which  probably  first  changes  the  phenylsemi- 
carbazide to  phenylazocarbamide : 

c;h,nh.nh.conh, — >-  c^^  .•  n.conii,  -f  ocii.cn, — ^.^•"»  '^T!^^!?. 


l-Phenyl.3triazolon,  C,HjN  .  NH  .  CO  .  N :  ill  or  C.H,  N.N:  C(OII)N :  CH, 
from  phenylsemicarbazide  and  formic  acid,  sublimes  and  melts  at  very  high  temperatures. 
i-Phenyl-5-ethyl-,  -propyl-,  -i8obutyl-3triazolon  melt  at  192°,  160®.  and  165®. 

l,5-Diphenyl-3-triazolon,  melting  at  290°,  is  obtained  from  benzoylphenylsemicar- 
bazide  as  well  as  from  phenylsemicarbazide  and  benzaldehyde.  i-Phenyl-5-8tyrenyl- 
3-tria20]on,  C,HN,0(C,H5)(CH :  CHC,Hj),  melting  at  287®,  is  formed  from  cinnamyl- 
pbenvlsemioarbazide,  or  cinnamic  aldehyde  and  phenylsemicarbazide. 

Toe  triazolons  are  converted  into  triazoles  by  distillation  with  P,Sk,  or,  better,  by 
into chlortriazoles  and  the  reduction  of  the  latter  (B.  29,  2671). 


514  OBOAMIC 

The  OTMol—  nt  the  ^too-deriwlifci  of  teUahyilwimMofc  Hktf 
area  and  its  deriTatirei    #./.,  aUophnic  eitcr,  Unratt  «lc.— with  hjFdBwiae  nhst 

Moral  Druotab 


Uraaole,  ^^s-DikHeiriaMdim^  CMfifi^  seUhig  at  144*1  ii  obtrfBtd  fim 
hydModicaibonamide.  NH..CX>.  NH.  NH.OO.N^  (A.  a^  16).  Utanleka 
strong  mooobaiic   add.     It  yields  triaaole  when  disttued  with  T^     l*Pheqrl 

Uraaole,  CgH^lif  ~  NH -- CX) -- NH -- 60,  meltfaif  at  a63^  is  famed  fros  nm  aad 
pbenylhydnuune,  from  phenylsemicaiiiasldo-caiboEyUc  ester  (B.  a8»  829), as  well  as  fivsi 
phenylhydrasido-oxalhydroMmic  add,  H,N  —  C  —  OOMHNHC^Hg,  hf  BedEBsm's 

NOH 

tranqwsition  (A.  agSi  136)*     Methyl  iodide  ooofetts  it  irto  jHrnM/f^kmyhurmtk^ 

melting  at  96^.    Isomeric  3-Phoiijlimaol«p  CH^— 00— NH*-NH— 00,  ndt-. 
ing  at  ao3®»  is  fonned  by  the  intenctioii  of  hyuaao-dioaibQoaaide  and  anUiiie  hydro- 
duoride  (/.  ^.). 

Tkio-  and  fMldS^-deriTatiTes  of  maaole  have  been  obtained  from  the  cotrespondisg 
thiourea-  and  gnanidine-componnds  of  hydrssine  (B.  tQ,  1506) : 

Thiourasde,  kll .  CS .  NH .  CO  .  ibl,  mdthig  at  177^  b  datained  from  hydnao- 

.thio-dicarb(mamide,NH,CS.NH.NH.CONH^  Dlthiooraaolo,kH.CS.NH.CS.kH, 

melting  at  245<>  with  decomposition,  and  imido-thiourasole,  NH .  CS .  NH .  C(NH).NH, 
melting  at  222^,  are  formed  simultaneonsly  when  strong  hydrochloric  add  acts  upon 
hydnu^thiodicarbonamide  (B.  ag,  2506). 

Diimidouraaole,  Quanaaole,  kn .  C(NH) .  NH .  QNH) .  ^H,  melting  at  2060,  is 
obtained  from  hydrazine  and  dicyandiamide  by  the  action  of  hydrazine  (B.  ay,  R.  583) : 

?  '  ^  /^"'  +  NH.NH,— >  »N:C.NH>^H 
NH-C=NH  ^     ^    ^  HN-C==NH 

Dicyandiamide  Gaaaaade. 


14.  FURAZANBS  OR  FURO[aai]DIAZOLB8. 

CH  —  Nv 
The  furazanes  or  atoxatoles^  fiero-[tLSLi']'diataUs,   1     ~  -m/^  0»  483),ooiTespond  to 

the  osotriazoles.  Jost  as  the  latter  are  obtained  from  the  osazones  fp.  508),  so  furazanes 
are  ])roduced  from  the  glyoximes,  the  dioximes  of  o-diketones,  or  their  ozidmm  products, 
the  glyoxime-peroxides  (B.  a8,  69),  by  the  action  of  alkalies : 

CjHj .  C  =  NOH ^  C,H,C  ==  NO  C^Hg— C  =  N>. 

C,Hj .  C  =  NOH  CjHjC  =  NO  ^Hg-O  =  V^ 

Benzil  Diozime  Diphenylg^lyozime  Penoide       DipMnylfluaaaae. 

As  we  observed  in  connection  with  the  isozasoles,  those  fnnuaae  derifatives  in  which 
the  H-atoms  of  both  methine  groups  are  substituted  are  stable  bodies.  If  one  of  the 
groups  is  free,  a  rearrangement  into  nitriles  of  a-ketonic  add  oximes  may  readily  take 
place.     The  alkyl  furazanes  can  be  oxidized  to  furszane  caibozylic  adda. 

Phenyl  Furazane,  C,H(C.Hj)N,0,  melting  at  30®,  is  very  volatile.  It  is  formed 
when  soda  acts  upon  phenylglyoxime  diacetate.    Sodium  hydroxide  cooveita  it  readily 

.     ,.     .      ru      I       ^   c^,ngC  =  N\^    c;h,c=:NOH,^ 

mto  the  oxmie  of  benzoyl  cyamde,      -./)._  >t/0>^     i  (B.  M*  3S03). 


AZOXIMES. 


It  is  stable  toward  acids.  Dimethyl  Furazane,  r,^(CII.,).,N./),  molting  at  — 7 
boiling  at  I5f>°.  rt^.sults  when  dimethyl  glyoxinit-  is  heated  willi  ammonia  to  Hx)- 
Methyl  Ethyl  Furazane,  C,(Cn3)(C;.^ll5)N20,  boiling  at  170°,  is  similarly  obi 
from  methyl  ethyl  glyoxime.  Diphenyl  Furazane,  C,(Cgll5).^N/),  melting  a 
(p.  373)(  rearranges  itself  by  prolonged  heating  into  isomeric  dibenzenylazoxim 
below)  (A.  264,  180).  Dibenzoyl  Furazane,  C,(C0C,H5),N,0,  melting  at  ii 
ptcpied  from  dibenzoylglyoxime  peroxide  (B.  a6,  529)  (p.  381). 

PacasAno  Carbozylic  Acid,  C,H(COOH)N,0,  melting  at  107°,  on  oxi< 
becomci  fnrmxane  propionic  acid,  the  anhydride  of  dioximidovaleric  acid  (I, 
ifettajl  Funxane  CarbozyUc  Acid,  C,(CH,)(COOH)N,0(-|-  H,0),  melting  t 
i3g^)t  and  Purasane  Dicarbozylic  Acid,  C,(COOH)N,0,  melting  at  I78<> 
decompofitioD,  are  formed  when  potassium  permanganate  acts  upon  dimethyl  fun 
The  dicarboxylicy  like  the  monocarboxylic  acid,  is  easily  converted  by  boiling  watc 
cjanimidoacetic  acid. 

Consult  B.  28,  723,  vol.  1,  500,  for  ozyfurazane  carbozylic  acid. 

Benao-,  nafi^tho-,  phenanthro-furazanes,  etc.,  have  been  prepared  froi 
o-diozimes  of  the  benzene,  napbthalene,  and  phenanthrene  series  (see  also  B.  a 
790). 


15.  AZOXIMES  OR  FURO[abJDIAZOLES. 

The  mMOixnies,/iiro{tt,hi']ifiato/cs,   1        ^-w  y^»  correspond  to  the  triazoles  or  1 

[abgldiazoles,  and  just  as  they  are  obtained  from  the  amidrazones  (p.  511),  i 
azoxwies  are  prepared : 

I.  From  amidoximes  and  carboxylic  acids  (their  chlorides  or  anhydrides) : 


CH.C  =  NOH  _ 

NH, 
Ethenyl  Amidozime 


_^CH..C 


N 
N  =  C.C,H, 


Ethenylbenzenyl  Amidoxime. 


The  amidoximes  combine  with  the  aldehydes  of  the  fatty  series  to  form  hydrazo: 
which  part  readily  with  hydrogen  and  become  azoximes.  COCI,  and  C!SC1,  forr 
homyUiaximes  (furo[ab|]diazolons)  and  azoximthiocarbinoh  (B.  19,  1487 ;  22,  : 
28,  2231). 

2.  Azoximes  are  also  prepared  by  Beckmann's  transposition  from  glyoximes  c 
;  (p.  381)  (B.  27,  R.  800)  : 


C,Hj.C  =  NOH 

c;h,.c!:  =  noh' 

Benzil  Dioxime 


CJIj— C  =  NOH 


Nil— CO.C.Hj 


Dibcuzeiiyl  Azoxime. 


DIetbenyl  Azozime,C,(CH,),N,0  (B.  17,  2755),  is  a  very  volatile  body.  Etl 
Benaenyl  Asozime,  C,(CH,)(CyIIj)N,0,  melts  at  41®.  Dibenzenyl  Azo: 
C,(C^H^),N,0,  melting  at  108°  and  boiling  at  290°,  also  results  when  hydroxylamin 
upon  benzoyl  benzimide  chloride  (A.  296,  284).     Oxalenbisazozimethenyl, 


Benaenyl  Carbonyl  Azozime,  ^   'ii^h  • 


N 


^Q>0,  melting  at  198®,  and 


senylaaoaim  -  thiocarbinol. 


c;h^c  ==  N 


"\ 


N  =  C(SII)/ 
from  benzenyJaiaidoxfme  by  means  of  COCl,  and  CSC\,. 


O,  melting  at  131",  are  pro 


5«« 


OROAlflC 


K6.  OZYBIAZOLK8  OR  PIJRO[faliJDIATOUak 

DiphenylozybiMote*  Dikemtt^  hm^xkm^  ILC^C^HJA  BdtiDC  at  I40^»  wUck 
b  Isomeric  with  dibenaenykaoKime  and  diphenjl  nnamai^  U  h  prapoed,  like  then, 
from  bensil  dioiime  (A.  asa,  60) : 

c,H,c=NOH    PCI,      N=c(q,Hja  ,,0^     s^cjcja^s^ 

LH»C  =  NOH  N = C(C;Hja  N = C(QHj/ 


•-BciMil  EHoziaM 


Forthemiore,  it  alao  resohi  when  niCrooi  add  acH  1 
ao5)(B.  87,984): 


dibenaesylbfdraiidiiie  (pL 


N  =  C(C.H.)NH._NgO^ 
N  =  C(CgH.)NH, 


^i;:S><+'«-+'^'- 


Ditolylozybiaaole,  N,C;(C|H,),0,  andting  at  134*,  ii  fbtmad  fiom  ditdenylhydn- 
sidine  (B.  ay,  3288). 

The  Keto-,  thio-,  or  imido-ozybiasoUiiea  are  derirathret  of  dikydr^-^jiybiaMoie  or 
oxybiazoline.  They  are  prodnced  from  carixnylic  and  area  derinafres  of  phenylhydn- 
zine,  naphthyl  hydrazine,  etc.  (pp.  126,  127),  throa|^  the  action  of  ^loageiie,  CQC1|, 
thiophosgene,  CSCl,,  and  phenyl  isocyanogen  chloride,  CCl, :  NC^H^  (B.  aS,  3S43 ;  24i 
4178;  26,2870): 


(i)QH..NH 

^!^H.co.CH.+«^- 

Acetyl  Phenylhydrazine 

*    'ilH.CO.NH.   +<^^- 
Naphthyl  Semicarbazide 


(3)q,H,.NH 

i^H  .  CHO 

Formylphenylhydrazine 


N==qCH,)X 
B-Pheoyl  Methyl  OsybiaxolcMi»  m.  p.  flSoP 

^C^H^N  — CS  y    . 

N  =  C(NH,)/ 
s-NaplitlijlaBiidothio-oxybiaaollDe, 
iB.p.  918^ 

n-Pheajl-pbcByliaildo^xybiasokMi, 
.  in.p.  99P. 

CH  — O. 

17.  The  ring  of /«r£?[ab]//i<w<>/r.  B  -m^^*  ■*  ^T  fimnd  condensed  with  ben- 

zene or  naphthalene  nuclei  in  diazo-ozidea : 

Dichlor-o-diazophenol,C^H,Cl,^     \n,  is  formed  by  the  action  of  N,0,  upon 

dichlor-o-amidophenol.     Nitro-o-diaaophenol,   ^H,(NO|)^^N,  from  p-nitn>-o- 

amidophenol,  deflagrates  at  100^  (B.  2,  52 ;  A.  113,  212). 

Naphthalene-2,idiazo.ozide,  C,oH«|^  lOX^'  "^'^   ^  7^>  residta   npon 

oxidizing  an  alkaline  naphthalene  solution  with  potamhua  fefriqranide  aolotion. 
6-Nitronaphthalene-2,i-diazo-ozide,  C,«H|(NO,)(N,0),  from  6^-dinitn>-i-diazo- 
naphthalene,  is  a  substance  exploding  at  145°  (B.  37,  680,  2214). 

The  thiodiazole -ring  derivatives,  corresponding  to  azoxhnes,  oxybiazoles,  and  diaao- 
oxides,  which  contain  furodiazok  nng^,  occox  Va  ^ObA^geoM^  t&^abit  «Mni4|A»aMt«  ISli»- 


THIOniAZOLINES. 


iPV 


o 


biazoUs^  and  diazosulphides.     Piazthiolen  is  a  thiodia/olc  rinj:;  analoj^oub  to  the  fi 
ring. 

CH:-N 

i8.  Azosulphimes,  or  Thio[abi]diazole8 :    i        ^,,>S,  result  from  the  ac 


carbon  disulphide  upon  amidoximes  (B.  24, 388): 


N=CH'^ 


C,TI,C  =  N 


c;h,c=n.oh     ^^ 

Bensenyl  Amidoxlmc  Benzenylazosulphime  Sulphydrate,  tn.  p.  i 


N  =  C(SH)/ 


AxoBulphime  anilides  are  formed  when  phenyl  mustard  oil  is  used. 


C,HjC=N 


"\c 


Dibenzenyl  Axosulphime,         1       r>//^  u  \  /^>  results  from  the  action  of 

upon  thiobenzanude  (B.  25,  1586). 

*  N  =  CH 

19.  The  thiobiazolines  are  derivatives  of  thio\\ki^diazoU^  \        ^„>S.    T 

lalt  from  the  action  of  aldehydes  upon  phenylsulphocarbazinic  acid  (p.  126),  or, 
Oieir  ethers  (B.  s8, 2635) : 


^"••?«  +CH.O. 

HN— CSSH^       • 
Pbcnylsolphocarbaainlc  Add 


c.H,N-cn -\ 

N  =  C(SH)/ 
2-PheiiyIthiobiazoline  Sulphydrate» 
m.  p.  1 12^. 

The  thiobiazoline  sulphydrates  formed  in  this  manner  are  very  acid.  They  ar 
toward  acids.  Aqueous  alkalies  decompose  them.  They  oxidize  quite  easily  tc 
pkidts.     See  1.  c.  for  Uie  rearrangement  of  the  latter  (B.  ag,  2127). 

Amido-derivatives  of  the  thiobiazolines  are  prepared  from  the  thiosemicarbazid 
aldehydes  (B.  30,  849) : 

<^H^H     /SH  +OCH.CH. ^^^H.N- CH(C.H.)    ^ 

N  =C(NHC,H,)  ^  ^    '  ^  =  C(NHC,H5)/ 

Dipheuytthiosemicarbaziac  Anilidophenylthiobiazoline,  m.  p.  i 

(l)  ImidoikiobiatoiineSf  (2)  ketothiobiatolines  or  psmdothiobiazolons^  and  (3) 
hunuUines  are  made  by  the  action  of  carboxylic  acids,  COCL  and  CS,,  upon  thioun 
dithio-carbamic  acid  derivatives  of  the  hydrazines  (p.  126;  24,  4190;  27,  613, 


(I)  NH, 


N.=i=cn 


\c 


NH— CSNUC^H."^  NH  — C(:NC,H5)X 


Phenylthiosemicarbaxi 


ide 


C-Phenylitnido(hiobiazoline, 
m.  p.  1730. 


Imidothiobiazoline,  S  .  C(NH) .  NH  .  N  :  CII,  meltin|T  at  19 1^',  is  ohtaine 
fonnylthiosemicarbazide  (B.  29,  251 1).  It  is  remarkable  that  the  acidyltliiosen 
zides,  when  deprived  of  water  by  acetyl  chloride,  yield  thiobiazolines,  but  when 
above  their  melting  point,  mercaptolriazoles  result : 

C,oH,N-CO  — ^ 

N=rC(NH,)/ 

n-Naphthylamido-^-thiobiazoIon, 
m.p.  aso". 


(a)C,H,NH 

NH— CS.NH,  ^ 

NaphthylsalphoMmicarbazide 


kn— cssH  "^  ^^* ' 


>}=rC(SH)/'" 


n-Phenyldithiobiazoiine  Sulphydrati 
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ja  The  additioo  prodact  of  phenyl  aMtoid  cfl  wMh  StmemtAmmt  Miy  be  itewtdn 
a  derhrathre  of  Thiotebjdiaaole: 

CH  =  CH^^       ^„^^  ,  /^i« ^  CH=C(NHC;HJv 


a-Anilidotbio[«bldiaaole  melti  at  173*  with  docoipotfciun.    The  meityi  derimUim 
melu  at  lea^';  the  lif/rwM-detinitive  melU  at  98^  (B.  tQ,  SSSSV. 

The  phenylene  diasoaulphidm  are  ^wi<  dgifratiTet  01  lUo|abldiaaole.    Thcf 

wnemubM 


correspond  to  the  diazo-ozides  and  aMtmJdei.    They  tn  produoed  when  ntoow  add 
acts  upon  o-amidothiophenols : 

CH  =  CH-CNH,      „  ^  ^  CH  =:CH— C-I^.  , 

CH  =  CH-CSH  CH  =  CH-C— S  ^ 

o-AmidothiopheiKd  Phenytet  Ptaaoaalphlde. 

The  diazosalphides  are  more  stable  than  the  diaao-osides.  They  resemble  the  aio- 
Imides  more  particularly,  as  they  only  give  dp  their  nitrogen  at  higher  tempentnres,  and 
then  without  deflagration.     In  doing  this  they  yield  diphenykne  disniphides : 

C;H4<|>C:;H«.    The  diaaosulphides  are  leeUe  bases  and  take  vp  alkyl  iodides  (A. 

277,  214). 

Phenylene  Diasoaulphide,  CiH^N^,  melU  at  35®  and  boils  at  129^  (10  mm.). 
Cumylene  Diazosulphide,  C«H(CH,),N.S,  melU  at  85®. 

C  — Nv 

21.  The  ring  of  thio[^M^diazolef   1  ^S,  unites  with  the  benaene  nudeus  to  fonn 

Piazthioles,  which  also  result  upon  treating  the  o-phenylenediamines  with  snlpharoos 
acid  (B.  22,  2895)  : 

CH  =  CH— C— NH,        ^^  ^  CH  =  CH— C— N    ^ 

CH  =  CH— C— NH,  CH  =  CH— C— N 

o-Pheuylene  Diamine  Piazthiole,  m.  p.  44®,  b.  p.  ao6P. 

The  piazthioles  are  feebly  basic  bodies,  which  are  veiy  stable  toward  oxidants.  The 
o-diamines  result  from  their  reduction. 

The  piaselenoles  correspond  to  the  piazthioles.  They  are  similarly  formed  from 
o-diamines  and  selenious  acid.     In  their  stability  they  resemble  the  piazthioles. 

Piaselenol,  C,H^^  1  ^Se,  melts  at  76^ 

Tolupiaselenol,  CfH,(N,Se),  melts  at  73^  and  boils  at  267^, 

22.  Thio[abbj]triazoles,  or  Triazsulpholes,  I  <kt^^  -  A  series  of  compounds 

may  be  referred  to  this  ring.  They  result  from  the  action  of  nitrous  add  upon  thio- 
semicarbazide  and  alkylic  thiosemicarbazides,  whereas  phenylthiosemicarbazide  yields  a 
tetrazole  compound  (B.  29,  2491) : 

CH,.  NH .  cf^II^^  +  NOOH >- CH, .  NH .  C^""?. 

^SH  Ng^^ 

The  amidotriazsulpholes  formed  in  this  manner  decompose,  whep  boiled  with  water, 
into  sulphur,  nitrogen,  and  cyanamides,  while  with  conceotrated  hjdfodiloric  add  th^ 
yield  nitrogen  and  ihiocyanamides  : 

Methylamido-,  etbylamido-,  and  allylamido-triaaaulpholes  melt  at  96^,  67**,  and 
54^.   Amido-triazsulphole,  from  thiosemicarbazide  and  N^CV  deflagrated  at  laS-ljt^. 
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23.  TETRAZOLES. 

Two  isomeric  series  of  tetnxoles  are  possible.    They  can  be  distinguished  as  Pyrro- 
CH  =  Nv  N  =  CIK 

[wk^^yriawles,   1   »j/^^»  •"^  pyrro\Mi^triazoU5,    •  _  ^    ^NH.      The  syn- 

\  do  not  invariably  afford  a  certain  basis  for  the  judgment  of  the  constitution  of  the 


tetnaoles  (B.  ag,  1846). 
Tetrazoles  are  produced : 

1.  By  the  action  of  nitrous  acid  upon  hydrazidines  (amidrazones)  (p.  205) — €.  g.y 
benzenylhydrazine  (B.  ay,  995),  dicyanphenylhyd'razine  (Bladin,  6.  zg,  2598),  amido- 
guaoidine  (A.  273,  144).  This  is  similar  to  the  formation  of  triazoles  from  the  same 
compouDds  with  carboxylic  acids : 

CN.C  =  N— NHCH,      ^^^  ^  CN.C  =  N    ^,    ^„ 

Dicyanphenylhydraxine  n-Phenyl-3-cyantetrazole. 

A  tetraxole  derivative  which  might  be  derived  from  pyrro[abb|]triazole  is  produced  in 
tlie  action  of  N,0,  upon  phenylthiosemicarbazide  (B.  28,  74) : 

S:C— NH-NH,   ,    ^^  ^  ^      S:C— NIK,, 

I  '  +  N,0, >  I  ^N 

PbenylthiosemicarlMuide  n-Phenyl-5-thiotctrazcline. 

However,  when  nitrous  acid  acts  upon  diphenylthiosemicarbazide,  sulphur  is  split  off, 
and  Diphenylisotetrazolon  is  produced : 

sc<nh.^Ac;h,  >  ^^\n^I1iIc.h; 

It  consists  of  red  needles,  melting  at  Iio^.     It  is  basic.     Reduction  causes  it  to  break 
down  again  into  diphenylsemicarb«zide,  and  recalls  the  pseudo-azimides  (p.  509)  (B.  29, 

1689). 

2.  With  nitrous  acid  the  amidines  yield  dioxytetrazotic  acids.  These,  on  reduction, 
become  oxytetrazotic  and  tetrazotic  acids.  The  latter  are  identical  with  the  tetrazoles 
which  are  formed  by  the  first  method  (A.  263,  loi ;  B.  27,  994)  : 

CLHa.C  =  NH        ^,^  C,H,.C  =  N.NO  „  C-H.C  =  N. 

NH,  N  =  N.OH  N  =  N^ 

Benzenyl  Amidlne  Dioxytetrazotic  Acid  Benzenyl  Tetrazotic 

Acid, 
c-Phenyl  Tetrazolc. 

3.  Finally,  the  tetrazoles  are  prepared  by  oxidizing  suitable  tetrazolium  compounds, 
the  oxidation  products  of  formazyl  derivatives  (see  below  and  p.  131). 

Bekavior:  The  tetrazole  ring,  composed  of  four  N-atoms  and  one  C-atom,  shows  in 
general  equal  stability  with  azole  and  pyrrol,  containing  less  nitrogen.  Thus,  the 
n-phenylated  derivatives,  just  as  with  the  pyrazoles  and  the  triazoles,  can  be  converted 
by  nitration  into  nitrophenyl tetrazoles,  and  the  amido-bodies  from  these  may  l>e  oxidized 
to  tetrazoles.  The  feebly  basic  character  of  pyrrol  l)ecomes  in  tetrazole  a  strong  acid, 
due  to  the  influence  of  the  N-atoms.  After  comparing  pyrrol  in  many  respects  with 
phenol,  tetrazole  may  be  arranged  side  by  side  with  trinitrophenol.  The  silver  and  cop- 
per salts  deflagrate  violently  on  heating. 
CH  «=  N 

Tetrasole,   1  >NH,  melting  at  156°,  sublimes  and  is  prepared  by  treating 

•N    =  N 
diaioCetrasole  (see  below)  with  alcohol  (A.  287, 243) ;  by  oxidizing  amidophenyltetrnzole 
carboxylic  acid  (B.  25, 1412),  as  well  as  in  the  action  of  KHuO^w^toici  dv^c^i.'^d\^V^<«iL^V 
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tetrazolium  hetalne  (below).  Sodium  salt,  CN^HNa  +  H,0  ;  harimm  saH,  (CN^H),- 
lia  -f  3>^H,0.  Tetrazole  is  decomposed  into  CO,,  N„  and  2NH3  when  it  is  heated 
with  concentrated  hydrochloric  acid. 

c- Phenyl  Tetrazole,  Benzenyl  TetnnoiU  Acid^  C(C^H2)N^H,  melts  with  decompo- 
sition at  219°  (A.  263,  107).  It  is  obtained  from  dioxytetrazotic  acid  or  from  beozenyl 
hydrazidine.  c-Tolyl-  and  c-Puiyl  Tetrasoles,  melting  with  decomposition  at  234® 
and  199°  res]>ectively,  are  similarly  formed  from  tolyl-  and  furylhydrazine  (B.  28, 
465).  n- Phenyl  Tetraxole,  CHN^.  CgH^,  from  its  acid,  is  an  oil,  deflagrating  wheo 
heated. 

Diphenyl  Tetrazole,  CN^(CgH(),,  melting  at  107^,  results  when  p-ozypheojl- 
diphenyltetrazolium  hydroxide  is  acted  upon  with  potassium  permanganate,  as  well  is  in 

the  oxidation  of  guanazyl  benzene,  Cgll.C^       *T/y^  ^w  v*    *  »  ^'^  N,0,  or  nitric  sod. 

XN  :  NCCgHj) 
It  is  characterized  by  its  great  stability  (B.  29,  1854). 

Bistetrazole,  (CIINX  (?),  is  formed  when  N,0,  acts  upon  the  addition  product  of 
cyanogen  and  hydrazine  (B.  a6,  K.  891). 

c-Amidotetrazole,  AmUotetrazotic  Acid,  C(NH,)N-H,  melting  at  203®,  resulls 
when  nitrous  acid  acts  upon  diazoguanidine  nitrate,  and  by  further  action  of  the  acid 
yields  diazotetrasole,  which  explodes  in  concentrated  aqueous  solution,  even  at  o^.    It 

/^  I 

probably  has  the  following  constitution :  C=:N — N.     Metallic  oxides  form  stable  salts 

with  it.     Their  formula  is  C(N  :  N  .  OMe)N4Me. 

Tetrazyl  Hydrazine,  C(NHNII,)N\II,  is  produced  by  the  reduction  of  diazotctra 
/ole.  It  melts  with  decomposition  at  199®.  Nitrous  acid  converts  it  into  tetrazylazo- 
imide,   C|^Nj)N\II,  a  l)eautiful  crystalline,  exceedingly  explosive  substance  (A.  287, 

n  Phenyl  Tetrazole  Carboxylic  Acid.  C(COOII)N^C:,H,,  melting  at  138°,  results 
upon  sajM^iifying  synthetic  n-phenylcyantetrazole  (see  above). 
Dt^rii  •ath  es  of  pyrro-  [abb,] -triaioU  : 

I  Phenyl  5  thiotetrazoline,  S  :  i  — NH  —  N  =  N  — N  .  CjHj  (?),  melting  with 
(lec«)mj>osition  at  142-145°,  is  formed  from  phenylthiosemicarbazide  when  acted  upon  with 
nitrouj)  acid.     Digestion  with  caustic  soda  converts  it  into  isomeric  phenyltetrazole 

mercaptan,  I  IS .  C  =  N  —  N  —  N  — N  .CjIIj,  meltingat  150®.  Both  compounds  yield 
the  same  silver  salt,  which  methyl  iodide  converts  into  n-phenylietrazoUmethy I  sulphide. 
Potassium  permanganate  produces  n-phenyltetrazole  sulphonic  acid,  C(SOjH)N^C,Hj, 
which,  upon   heating  with  hydrochloric  acid,  splits  off  the  sulpho-group  and  becomes 

i-phmyl-^-o.xytctrazoU,  OH  .  C  —  N  —  N  =  N  —  NC,!!^,  melting  at  186®. 

Tetrazolium  compounds  are  those  which  result  from  tne  oxidation  of  formazyl  bodies 
in  a  manner  similar  to  that  by  which  the  azoammonium  derivatives  are  obtained  from  the 
o  anilido- bodies  (B.  27,  2920),  and  the  osotetrazones  from  the  osazones  (p.  508). 

HC  •=  N— NIICelL  HC  =  Nv 


Formazyl  Hydride  n-DiphenyltetrazoIium 


o/^ 


Hydroxide. 

The  oxidation  is  best  effected  by  amyl  nitrite  and  hydrochloric  aci(J.  The  tetrazolium 
hydroxides  are,  like  all  ammonium  hydroxides,  strong  bases.  Ammonium  sulphide  re- 
duces them  to  formazyl  compounds. 

n-Diphenyl  Tetrazolium  Chloride,  CHN^(C-H5),C1,  melting  with  decomposition 
at   268°,  results   by  the   elimination  of  carbon   dioxide   from  diphenyltetrasolium 
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chloride  carboxylic  acid,  meltinjr  at  257°  with  decomposition.     The  cstt-r  of  tbi>  n(  id 
is  prepared  from  formazyl  carboxylic  ester  (p.  129},  and  passes  just  as  readily  as  the 
.N-NC,H» 

io— i 

Pi-Dkizjrdiphenyl-tetnsoliuiii  BetaXne,  formed  in  an  analogous  manner,  melts  at 
179^  with  deoompotilion,  and  can  be  oxidixed  to  tetrezole  (B.  a8,  1693) : 

CO (!) 


the  connection  between  the  tetrazoles  and  tetraxolium  compounds. 
Similaily,  p-monozyphenyldiphenyltetrasolium  chloride  yields  diphenyltetrazole  (B. 
to,  1853).    CyclodmhenyltetrasoUum  chloride  carboxylic  ester, 

COyR.C^    I  ^u*»  **  derived  fix>m  cycloformazyl  carboxylic  ester  (p.  339 ;  A. 

nSf  335)- 


4.  SIX-MEMBERED  HETEROCYCLIC  COMPOUNDS. 
A.  MONOHETEROATOMIC  SIX-MEMBERED  RINGS. 

I.  8IX-MBMBERBD  RINGS  WITH  AN  O-MBMBER. 

A  series  of  cyclic  bodies  belongs  here.  They  have  already  been  dis- 
cussed, according  to  their  character,  either  with  the  fatty  bodies  or  fatty 
aromatic  substances  with  open  chain,  with  which  they  are  genetically 
related.  They  are  the  anhydrides  of  t-glycols  (i,  300),  the  d-iactonesy — 
€.  g.y  d'vaieroiactone  (i,  345), — the  anhydrides  of  the  glutaric  acids 
Of  452)1  etc. : 

«J.<^S';:^S;>o        ch,<^»;z^J«>o       cn.<:CH,-.co^o 

Pentykne  Oxide  <-Valerolactone  n-GIutaric  Anhydride. 

These  are  unsaturated  ^-lactones  and  acid  anhydrides  corresponding  to 
the  saturated  ^-lactones  and  ^-acid  anhydrides.  Anhydrides  of  unsatu- 
rated c-glycols  are  not  known,  but  there  are  anhydrides  of  diolefine  dioxy- 
ketones.  They  are  the  ^-pyrones,  which  are  isomeric  with  the  diolefine- 
^-oxy-acid  lactones,  the  a-pyrones : 

.CH=CH.  ,      .6h=^H.  .CH=(?IL  .CIIj-CO. 

Nm=ch^         ^h— cc^  ^cn,-co/  ^ii— co^ 

I  I 

I  Pjunna  a-Pyrone  «,Y-Pyroiion  Glataico&ifi  ^uK'^dtvd!^. 

The  pyrones  and  allied  compounds  are  c\iataclci\ifc^\i^  >^t\^K.v^^wax 
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when  they  are  digested  with  ammonia  the  linking  oxygen  atom  is  it- 
placed  by  NH,  and  pyridones  or  oxypyridines  (p.  534)  result : 

.C(CO,H)  =  CH.  ^„  yC{CO|H)  =  OIL 

^H  — CO /  ^H  — CO ^ 

•-Pyrone  Carboxylic  Acid,  Oxypicolliiic  Add 

Coumalic  Acid 

Dimethyl-Y-pyrone  Latidone,  «,«rDiincthyHrP7fidoiie. 

a.  The  coumalim  belong  to  the  a-pjrones : 

a-Pyrone,  Coumalin,  CjH^O,,  and  2,4-Diniethyl-a-pyrone,  dimethyl  coumalin, 
C5lI,(CIl3),0,  (I,  362),  are  obuined  from  their  acids: 

Coumalic  Acid,  ^-5^1,0, .  CO,Ii,  made  by  the  action  of  concentrated  sulphuric 
acid  upon  malic  acid,  and 

Dimethyl  Coumalic  Acid,  isoiiehydracetic  acU,  C|H(CH,),0, .  COOH,  which  is 
produced  by  the  action  of  sulphuric  acid  upon  acetoacetic  ester  (I,  496). 

Phenyl  Coumalin,  i-Phenyl-a-pjrrone,  C|H,(C^H()0„  melting  at  68^,  occurs  in 
the  coto-bark.  d-Phenylvaleric  acid  results  from  its  reduction.  It  yielda  a-pbenylpyri- 
dine  with  ammonium  acetate  (B.  ag,  1673,  2659). 

a,y/*vroMoft  yields:  Dehydracetic  Acid,  or  I-Aceto-3-methyl  pjrronon,  CjH,- 
(CH3)(OOCII,)()2  (I,  521),  resulting  upon  boiling  acetoacetic  ester,  and 

Dehydracetcarboxylic  Acid,  i-Aceto-3-methylpyronon-2-carboxylic  Acid, 
which  is  formed  by  the  interaction  of  acetone  dicarboxylic  acid  and  acetic  anhydride 
(1,501,521). 

I).  )-Pyronfs  are  uniformly  produced  by  splitting  off  water  from  1,3,5-triketones 
(!>.  24,  III): 

.CI I, .  CO .  CO.R  .CH  =  C— CO,R 

CO^  >-  coc  >o 

^CII, .  CO .  CO,R  ^CH  =  C— CO,R 

Acetone  Dioxalic  Ester  Chelidonic  Ester  (see  below). 

C'onversely,  they  are  readily  reconverted  into  triketones.  Although  the  pyrones  con- 
tain a  ketone  oxygen  atom,  they  do  not  react  with  hydroxylamine,  etc. ;  compare  the 
xanthoneSy  p.  524. 

>-Pyrone,  Pyrocomane,  C^II^O,,  is  formed  when  comanic  and  chelidonic  acids  are 
heated.     C'arbon  dioxide  is  eliminated.     It  melts  at  32.5®  and  boils  at  315°. 

a,a,-Dimethyl  Pyrone,  C5lI,()2(CI I,),,  results  upon  heating  dehydracetic  acid  with 
hydriodic  acid, or  when  carbon  dioxide  is  expelled  from  its  acid  (A.  257,  253).  It  melts 
at  132°  and  l)oils  at  248°.  It  sublimes  at  80°.  Boiling  baryta-water  converts  it,  with 
rupture  of  the  ring,  into  diacetylacetone  (compare  dimethyl  nufurane),  which  ammonia 
changes  to  lutidone. 

Oxypyrone,  CjlIgOjfOII),  pyrocovienic  acid^  pyromeconic  acid^  is  obtained  from  co- 
menic  and  meconic  acids  by  distillation.  It  melts  at  121^  and  boils  at  228°.  It  forms 
unstable  salts  with  bases. 

Pyrone  Carboxylic  Acid^  Comanic  Acid,  C5H3O, .  CO,H,  is  obtained  from  cheli- 
donic acid  by  the  loss  of  carlx)n  dioxide.  It  dissolves  with  difficulty  in  water.  It  melts 
at  250°  and  decomposes.  When  boiled  with  lime  it  decomposes  into  acetone,  oxalic 
acid,  an<l  formic  acid.     It  forms  an  oxypicolinic  acid  when  digested  with  ammonia. 

P)rrone  Dicarboxylic  Acid,  Chelidonic  Acid,  C5H,0,(C0,H),,  melts  at  220**,  and 
occurs,  together  with  malic  acid,  in  Chelidonium  majus  (A.  57,  274).  It  can  be  readily 
obtained  through  the  exit  of  water  from  acetone-dioxalic  acid.  It  forms  colorless  salts. 
An  excess  of  alkali  converts  it  into  salts  of  acetone-dioxalic  acid  or  xanthochelidonic 
acid,  which  are  yellow-colored. 

The  reduction  of  chelidonic  acid  gives  rise  to  acetone-diacetic  acid  or  hydro-cheli- 
don JC  acj'd,  and  normal  p\me\\c  ac\d.  Kmmo\i\^  co\iNt.t\&\VvQlo  an  oxy-pyridine  dicar* 
boxylic  acid  (p.  537). 
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Oxy-pyrone  Carboxylic  Acid,  Comenic  A.iJ,  Cy  I..1  On)i('OOir)()^,  from  ineconic 
acid,  is  converted  by  aininonia  into  dioxypicolinic  or  comenaniic  acid  (p.  53S),  which  can 
also  be  obtained  from  Meconic  Acid,  C5H(()Hj(C'OOIl).^02  j  3H./),  which  occurs  in 
opium  in  union  with  morphine  (A.  83,  352).  It  readily  parts  with  carbon  dioxide. 
Ferric  salts  color  its  solutions  dark  red. 

Dimethyl  Psnrone  Dicarboxylic  Acid,  C5(CH,),(C00H),0, ;  its  diethyl  ester, 
melting  at  80^,  is  formed  by  the  exit  of  water  from  carbonyl  diacetoacetic  ester, 
COrCH(CO,R)COCHJ,  (B.  ao,  154;  also  B.  24,  R.  573). 

Tetrahydit>pyrooe  derivatiTes  result  from  the  condensation  of  acetone  dicarboxylic 
esters  and  aldehydes  by  means  of  hydrochloric  acid  (B.  ag,  994,  2051) : 

^<Ch|(C0Ir)  +  *^"  •  ^"«    ^      ^^<CH(ColR)-CH(ctHt)>^- 

Dimethyl-  and  diphenyl-tetrahydropyrone  dicarboxylic  diethyl  eaters  melt  at 
102**  and  Ii5<>.  Similarly,  diphenyldimethyl  tetrahydropyrone,  C(HX),(CH,),- 
(ClHg)^  melting  at  106^  and  boiling  at  236^  (20  mm.^,  is  formed  from  diethyl  ketone 
and  two  molecules  of  benzaldehyde  in  the  presence  of  alcoholic  potash  (B.  29,  1352). 

The  coumarins  and  isocoumarins  are  benzo-derivatives  ofa-pyrone  : 

{rnCH  =  CH  f  [i]CH  =  CH 

[2]o — CO  Imco  — o 

(«^)  Benzopyrone,  Ito-Tal-benzopyrone, 

Conmarin  Isocoumarin. 

The  latter  are  more  easily  converted  by  ammonia  into  benzopyridone 
or  oxyisoquinoline  derivatives  than  the  py rones  into  pyridones. 

Coamaiin  and  its  homologues  have  been  discussed  as  lactones  of  o-oxycinnamic  acids 
immediately  after  the  latter  (p.  280).  Isocoumarins,  the  lactones  of  benzene  carboxylic 
adds,  with  hydroxylated  side-chain  unsaturated  in  the  /i-ix>sition,  isomeric  with  the 
o-oxydnnamic  acids,  are  produced  by  the  following  general  methods : 

I.  Benzal-,  zylal-,  and  alkylidene  phthalides  can  be  rearranged  into  isobenzalphthal' 
ides  or  isocoumarins  (B.  ao,  2363 ;  24,  3973) : 

C  =CH .  CH.  .CH  =  CC.H. 

^«*<co>°  ^"•^cx.-i 

Benzalphthalide  Isobenzalphthalide,  Phenylisocoamarin. 

3.  When  add  anhydrides  or  chlorides  act  upon  o-cyanbenzyl  cyanide,  condensation 
products  lesnlt  which,  upon  treatment  with  acids,  have  one  cyanogen  group  split  off  and 
the  other  saponified,  with  the  production  of  isocoumarins  (B.  25,  3566 ;  27,  827) : 

XH^CN)(RCO),0  X(CN)  =  CR  H,0  XH  =  CR 

•^"•<CN  ^"•<CO  AOCR  "  <^«'<C0  -  <l 

Benzo-  and  dibenzo-T'-pyrones  are  derived  from  y'-pyrone.  Vari- 
ous jr^//^  vegetable  dyes  are  to  be  included  in  this  group  (v.  Kostanecki). 

CkrystH,  Jisetin,  and  quercetin  are  obtained  from  ^-phenylbenzo-y-pyrone,  so-called 
JUvont  (JIavuSf  **  yellow  ").  Judging  from  their  decomposition  products,  the  following 
fbrmnlas  may  probably  be  ascribed  to  Uiem  : 

.       w      ,  f[llO— CCtfll         ,       ,r      ,  f[l]0-CC»H,(OH),  ([llo-CC«H»(OH)i 

l[i]co-<:M  Ualo-c(ou^  VVS^-SVa«C\ 

Chryaia  Qnercetln  ¥\»fc\.\ti. 


$24  OKOAMIC 

late 


DC  Rioifod  inlo  WiICmpcihoIi  pratocstBdmic  acidt  mm  pvooOic  Midp  vhm  Qmsom^ 
CgH|A,  melting  at  35o^  and  obtataed  from  Ike  ttaflMeqMsdlriByfNBdMdKtafc 
MQmirau  tinttmia^  as  well  as  finom  the  bads  oftf»  hMW-dMifeMil»  Mid  froM  oniHi 


Qmrau  HmtitHa^  as  well  as  finom  the  1 
(B.  S9,R.  779)»nnf  be  buokMdowB  into  ^^i^lM^1^iMil,  pwUprliichiiir  ndd,  «drt^ 
collie  add  (B.  aS,  ajoa). 

Myrkatin,  C^HmO^  a  ydlow  dja  iMMBt  in  te  bMk^^^ 

•xyfrnerteim,  whh   the  fonnnk  (OH),[3,5]C;H,{^''*^       «i"t(0    ^jg^^j. 


d ja  iMMBt  in  te  bMk  of  Jfivte  M«^  ii  pnbdUr 
the  syndbeiit  of  flafone  md  ks  dcilf atltas* 


778).    Gompaia  B.  90, 1077,  fiv  the  symheib 

The  Xanthones  {^mfH%,  yellow)  or  O^kemj^lem  ieime  estUki  m 
dibencopyrones.  They  can  also  be  viewed  as  keto-derivadfcs  of 
Xanthene,  or  metkjfUneapket^limmdiiiJ^.  a6, 72) : 


8  CO        I  CHt 


<xo 


The  xanthbnes  possess  a  chramogenic  nature.  They  are  allied  to  thio- 
xanthones  (p.  526),  the  acridones  (p.  560),  and  thiodiphenylamines. 
Generally  they  are  formed  by  condensing  salicylic  acid  with  phenols 
through  the  agency  of  sulphuric  acid,  acetic  anhydride,  etc.  (B.  ai, 

502): 

(HO)q,H,<OH  +  ^"•oH>^"* ^  (HO)q|H,<^>C.H, 

Resorcinol  Salicylic  Acid  Ozyxanthone. 

Xanthene,  Methylene  Diphenylene  Oxide ^  C„H,gO,  melting  at  9^  and  boiling  at 
312°,  is  prodoced  by  the  reduction  of  xanthone  and  oxyxanthones.  o-Dioxybenzo^e- 
none  is  fonned  when  it  is  fused  with  caustic  potash  (p.  348).  Tetramethyldiamido* 
xanthene,  Tetramethyldiamidodiphenyl  methane  oxide^ 

(CH,),NC.H,<^^«>C.H,N(CH,)„  melting  at  1 16^  obtained  by  the  actkm  of  sulphuric 

acid  upon  tetramethyldiamidodioxydiphenylmethane,  the  leuco-base  of  the  dye  pyronine 

(see below)  (B.  27,  3303).    Dinaphthozanthene,  C,pHg<  Q«>C,gH^   melting  at 

199^,  results  upon  condensing  formic  aldehyde  with  /Snaphthol  (p.  410)  (B.  a6,  84). 

Xanthydrol,  C;H^<^^^^^")>q.H^,  is  formed  in  the  careful  ledndion  of  xanthone. 

It  is  a  subsunce  which  changes  quite  readily.  Like  benzhydrol  (p.  344),  it  shows  a  great 
tendency  to  split  off  water  and  pass  into  its  ethei^-xanthydiol  elhart  (C^H^y^, 
melting  at  2x30^  (B.  a6, 1276 ;  compare  also  B.  a8,  2310). 

Xanthone,  Diphenylene  Ketone  Oxide,  C,,H/)^  melting  at  174®  and  boiling  at 
250^,  is  produced  from  salicylic  phenyl  ether  or  phenylsalicylic  acid  by  the  action  of  con- 
centrated sulphuric  acid  from  0|-diamidobenzophenone  with  nitraoi  add  (B.  ay,  5363) ; 
and  when  fluorane  and  hydrofluoranic  acid  (p.  365^  are  distilled  with  lime  fB.  as,  21 19). 
It  does  not  unite  with  hydroxylamine  or  phenylhydxmane.  It  fonni  dioKy4MsnaQplienoiie 
on  careful  fusion  with  KOH. 

Just  as  benxophenone  yields  tetraphenylethylene,  so  xanthone  It  confcfted  by  xinc- 
dust,  bydrocblonc  add,  and  aceUc  acid  into  ittr^^ktmfjfimt'tihyUne  dUxide^  OrCLH/].- 
C;  q-QH^iO,  melting  at  315^  i^.  a%,  ^it^.  "-^   ^ 


PENTHIOPHENE. 

Oxyxanthones,  Ci3H,{0II)0^ :  The  four  |v).->^ible  isomcrides  have  been  i)n*pare 
condensing  salicylic  acid  with  resorcinol,  hydroquinone,  and  pvrocatecliol  [\>. 
1652;    26,  71). 

Suxanthone,  ij-Dioxyxanthone,  HOC^H,<  q  >CsH,OH,  consists  of  ye 

needles  melting  at  237°  and  subliming.  It  occurs  free  and  in  combination  with 
cnrooic  add  (i,  585)  as  euxanthinic  acid  in  Indian  yellow.  It  has  been  synthetic 
prodnoed  by  the  action  of  acetic  anhydride  upon  two  molecules  of  j3-resorcylic  acid 
iiydioqiiinone  carboxylic  acid  (B.  24,  3982 ;  27,  1989 ;  A.  254,  265). 

3,6-Dioxyxanthone  results  on  heating  OjiPs-^ctraoxybenzophenone,  a  decompos 
prodact  of  fluorescein  chloride  in  the  alkali  fusion.  It  consists  of  colorless  needles. 
mlkaline  solutions  show  a  deep  violet-blue  fluorescence  (H.  30,  969).  1,3,7-Tric 
zanthone,  Qentisein,  CisHy(OH),0,(  -f  2H.O),  melting  at  315^,  is  obtained  synti 
cally  from  hydroquinone  carboxylic  acid  and  phloroglucin.  It  dyes  mordanted  cott 
tMight  yellow.  Qentisin  (B.  27,  190;  29,  R.  221),  occurring  in  the  root  of  G^nf. 
/M/rtf,  is  its  monomethyl  ether.  Compare  B.  25,  1641,  for  the  dinaphthoxanthoi 
phenonaphthoxanthones,  etc. 

The  fluormnes,  fluoronet,  and  fluorimet  are  related  to  the  xanthones  (B.  25, 21 
27.2887): 

CH.— CO  R  R 

^ i  i  t 

C;H /^)C.H,  O :  q,H,^)q,H,  NH  :  C.H,^^)c.H, 

Floorane  Flnorone  Fluorime. 

These  are  the  parent-substances  of  the  fluorescein  dyes  (pp.  363,  366).     Pyron 

(CH,),N.  C;H,^       ^^njN(CH,),Cl,  belongs  to  the  fluorimes.     It  is  produce 

the  exit  of  water  from  and  the  oxidation  of  dioxytetramethyldiamidodiphenylmeth 
The  leuco-compound  of  pyronine  is  2,7.Tetramethyldiamidoxanthene,  mehin 
116^.  Pyronine  may  be  oxidized  in  alkaline  solution  to  tetramethyldiamidoxanth* 
melting  at  241^.  Pyronine  colors  silk  and  imparts  a  beautiful  rose-color  to  cotton  (B 
a«96,3304;  a9»R.  "29). 


2.  8IX-MEMBERED  RINGS  CONTAINING  ONE  S-MEMBER. 

Six-membered  rings  containing  sulphur  as  the  hetero-atom  are  prc^ 

(>) 
.CH,. 
(d)CH^         ^CII 
in  the  derivatives  of  hypothetical  penthiophene,       II  ll 

(ai)CH  yCII 

a  ring-homologue  of  thiophene.     They  are,  however,  not  very  nunien 

/? -Methyl  Penthiophene,  CjIl5(Cn3)S,  is  an  oil  boiling  at  134°  with  sp.  gr.  o 
(19^).  It  is  produced  from  »-methyl  glutaric  acid  by  the  action  of  P^S,,  similar  t< 
formation  of  thiophene  from  succinic  acid  (p.  453)  (B.  19,  3266): 

ru  /CH(CH,)— CO,H       PeS,  /C(CII,)  =  CH.  « 

CH,<ch;  _!_Co!lI "^  ^"«<CH.-1_.CII>S 

••Methyl  Glutaric  Acid  ^•Methyl  Penthiophene. 

It  if  colored  the  same  as  the  thiophenes  by  isatin  or  penanthraquinone  and  sulpl 
It  ii  more  unstable  than  the  thiophenes  and  is  destroyed  completely  by  very  d 
pnfaiiinm  pennangaoale.  Acetyl  chloride  and  Al,C\.  cotv^tiX.  \V  *m\o  %.^0.>|\  m 
pmtbiopbMe,  Ci//,(COCH,XCH,)S,  boiling  at  250^. 
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^  g  «>CjH^,  melting  mt  128"  and  boUing  at  Jio*.    hba^ 
benyl-tolyl  sulphide,  and  by  redudng  its  ketone  witbhydrioiB 


526 

A  i/ihfMzcdtrivath'e  0/  pentkiopk^iu  is  foand  in  Thiozantheiie  or  wiakyitm  £• 
/*fliy«r  «//*JV/^CgH^<^"«>C,H^,  melting  at  128"  and  boUing  at  340' 

taioed  pjrogenically  from 
acid  and  phosphofus. 

Thiosmnthone,  benufphenane  sulphide^  Cj,H^OS  =  CJA^<y^yQJA^  mclmf  M 

207^  and  boiling  at  540^,  is  the  ketone  of  the  preceding  body.     Being  an  tnakpRtf 

xanthone,  it  is  formed  similarly  to  the  latter  from  thiophenylsalicylic  aad  and  salphB 

CO 
acid  (A.  163, 1).     It  forms  a  sulpkotu,  C,H^<g^  >CiH^,  on  oxidation. 


3.  SIX-MEMBERED  RINGS  CONTAINING  AN  N-MEMBER. 
X.  PYRIDINE  GROUP. 

Pyridine,  C|HsN,  is  the  parent  subsunce  of  many  vegetable  alkaloidi 
Its  compounds,  like  those  of  benzene,  show  great  stability  toward  oxidiz- 
ing agents,  inasmuch  as  those  having  side-chains — ^.  ^.,  the  alkyl  pyri" 
dines,  CsH4(CH3)N,  C5H,(CH,),N,  etc. — are  converted  on  oxidatioft, 
like  the  alkyl  benzenes,  into  acids,  the  pyTidine  nucleus  not  bring 
attacked.  As  in  the  case  of  the  aromatic  derivatives,  this  behavior  is 
assumed  to  be  due  to  the  existence  of  a  six-raembered  ring,  consisting 
of  five  carbon  atoms  and  one  nitrogen  atom,  similar  to  the  six-membered 
iKMizcno  ring.  Pyridine  is  the  hydrogen  derivative  of  this  ring:  it  is 
btn/cne  in  which  one  CH-  or  methine  group  is  replaced  by  a  nitrogen 
atom. 

The  following  structural  formulas  have  been  proposed  for  pyridine:  (l)  theformuli 
of  Komer  ;  (2)  the  formula  of  Riedel.  They  differ  in  that  in  Komer's  fonnula  thf 
nitrogen  atom  is  linked  to  huo  carbon  atoms,  while  in  that  of  Riedel  it  is  combined  with 
ffiffe  carlxin  atoms.  To  this  formula  that  (3)  of  Bamberger  and  ▼.  Pechmann  tJds 
itself.  It  is  a  centric  formula  (B.  24,  3151),  for  which  there  are  no  experimental  prooB 
(see  p.  40) : 


HC  CII  /?» 

I  II 

HC  TH   n» 


II 


^ 


HC 


III 


CH  a* 

n/ 


a  HC 

\ 


CH  i3» 

II 
CH  ai 


N 


/ 


HC\  I   /CH 

HC/  ;  \cn 


To  determine  whether  p}Tidine  contained  an  N-atom  in  union  with  two  or  three  cir- 
hon  atoms,  Kekule  *  arranged  a  series  of  experiments  based  on  the  following  consid- 
erjitions.  Assuming  that  in  the  pyridine  formulas  I  and  II  the  a-bydrc^en  atoms  are 
replaced  by  two  hydroxyl  groups,  the  connection  between  the  nitrogen  and  the  carUfn 
atom  now  carrying  oxygen  will  be  less  intimate.  This  becomes  evident  if  we  imaginf 
that  the  C(OIl) -groups  have  rearranged  themselves  into  the  keto-form: 


\\Q^       \CH 


^n/ 


HC^      \CH, 


HC^ 
HOCv 


CH. 


N:h 


N 


/ 


COH 


lit 

H,C/      ^CH, 


ot 


/ 


,C0 


*  B.  23,  i26s«  aud  vtvvalft  comtnunications. 
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The  ordinary  mode  of  writing  pyridine  o-scinvs  the  connection  of  tlie^e  pyridine 
derivatives  with  the  aliphatic  bodies,  the  <lcriv;uivc^  of  which  they  may  be  Lonsidcred. 
This  relation  is  more  evident  from  the  following  representations : 

It  lis 


Hi 


H,C 

nt        NH  HC In 

It  becomes  at  once  plain  that  formula  I,  represents  a  glutaconic  acid  deriirative — the 
imide  of  glutaconic  acid ;  while  formula  II,  is  a  /)-amidoglutaconic  acid  derivative — an 
imier  imide  of  j3-amidoglutaric  acid.  According  to  formula  II,  the  inner  imide  of 
jS-amidoglutaric  acid  would  have  a  constitution  similar  to  that  suggested  by  Kekul^  for 
fonmmide,  and  as  the  latter  is  supposed  to  be  prepared  from  ammonium  malate,  Kekul^ 
begmn  with  fi-oxyglutaric  acid  (\^  494)  >  &"<!  attempted  by  heating  its  ammonium  salt  to 
prepare  homofumarimide,  but  without  result.  Again,  he  sought  to  pass  from  P-oxyglu- 
iaru  acid  diamide  (-\-  2H,0),  from  glutaconamic  and  and  gltitacondiamide^  to  pyridine. 
In  bet,  these  three  substances,  when  acted  upon  with  concentrated  sulphuric  acid,  yield 
gtmiaeanimide  or  dioxypyridine  (i,  467)  of  formula  I,. 

The  presence  of  the  imido-group  was  proved  by  converting  the  sodium  compound  of 
glntacoDimide  into  methyl  glutaamimiJe,  from  which  hydriodic  acid  liberates  methyl- 
uniney  and  by  the  preparation  of  niirosoglutaconimide.  The  decomposition  of  glutacon- 
imide'  gave  glutaconic  acid.  The  objection  that  here  ^-amido-glutaric  acid  was  first 
pcodnced  in  conformity  with  formula  II,,  and  that  from  this  glutaconic  acid  arose  through 
the  elimination  of  anunonia,  is  contradicted  by  the  deportment  of  the  /3-amidoglutaric 
acid,  which,  under  like  conditions,  does  not  yield  glutaconic  acid.  The  /3-amidog1utaric 
acid,  too,  yielded  no  glutaconimide,  or  any  amount  of  an  isomeric  body ;  the  ring-forma- 
tion fiuled. 

The  connection  of  glutaconimide  with  pyridine,  which  results  from  the  distillation  of 
the  former  with  zinc-dust,  Kekuli  demonstrated  by  converting  glutaconimide  with  PCl^ 
into  femtacMorpyridine,  identical  with  an  analogous  body  obtained  from  pyridine. 

With  these  facts  as  bases,  Kekuli  held  it  as  highly  improbable  that  the  nitrogen  of 
pyridine  was  joined  to  the  three  carbon  atoms  a,  Op  )',  as  required  by  RiedeVs  formula, 
whereas  the  K5mer  formula  is  in  complete  harmony  with  the  experimental  results,  and  is 
snppoited  by  them. 

The  centric  formula  of  pyridine,  in  which  the  << central  linkages''  are  in  unstable 
equilibrium,  pennits  of  many  transitions  and  changes  without  displacement  of  the  double 
linkage,  and  therefore  isolates  pyridine  from  compounds  like  glutaconic  acid  and  gluta- 
conimide, which  bear  close  genetic  relations  to  pyridine. 

The  production  of  pyridine  from  piperidine  (hexahydropyridine  or  pentamethylene 
imine,  p.  539)  is  important  in  determining  its  constitution.  It  results  \x\yoTi  heating 
HQ-peotamethylene  diamine  or  d-chloramylamine  (i,  311) : 

XH,-CH,.  XH-CH. 

CH,C  >NH      >-       CHf  ^N. 

The  same  may  be  said  of  quinoline  and  isoquinoline  (pp.  541,  554),  which  are  benzo- 
pyridines  which  have  been  obtained  synthetically : 

CH  =  CH  — C  — CH  =  CH      COOH.C  —  CH  =  CH ^CH  — CH=rCH 

<!;h=ch— c — v=hH       ^cooH .  c — ^  =tu  c\\ — ^=<:>x 

Quiaoliae  Pyridine  Dicat\K>x^\\c  Kc\A  '^\\«vofc« 
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Pyridine  wd  m  serici  of  its  homologaes  are  prodneed  in  tedi^u 
Ution  of  nitRM^oas  carbon  compounds,  hence  thc^  aie  pRmt  m  ( 
tar,  in  the  tar  from  shales,  in  that  from  peat  (trety  littk).  and  in  boi 
(compare  p.  4&).  Compare  B.  30,  924,  for  die  occonence  of  j^ 
in  foael  oil. 

Aadenm  (1846)  iKlilitd  the  fim  pyridine  iMM  fios  boM-oa.  1 
ahamdveW  ia^mli««led  in  1 879  aid  in  tlie  jmb  ibllowi^  bj  Wddd  1 
alio  bj  Ladenbug  and  odien. 

Tlwir  preicnoe  in  bone-oil  is  due  to  tlie  ndpnctAtg  action  of  fiHi  (gbmul  lanji 
and sobitancct  containing  omnionia  (anNiminsetc.);  the  acrakbi  ariaagMlkfilj 
probobly  coodenring  willi  the  emmonia  to  pjridines  (see  sjmtiwlk  Belbod  il   1b»1 

floe,  free  from  fata,  does  not  yield  iqnidine  bases,  bnt  mainly  pymb  (p^  450)  (H  q^J 
3).  At  preaem  the  pyridine  baaeaaie  obtained  chiefly  from  eoal-tar  (A.  S9,lV  Ihvl 
are  fdand  in  the  add  nsed  for  the  ponding  of  the  tar.  TheycaacaaOybeiMhr  " 
it  in  !hr  fnnn  nf  Ihr  ''pTffiilmt  Wn  wiitinTi"  irhirh  at  pii inni  ii  f  aniliijiwl  h  f 
for  the  •*denatnnition'*  of  spirit. 

Synthetic  Methoda  for  the  Prodactioii  of  Pyridine  Ikriia- 
tivea : 

1.  Alkyl  pyridines  are  formed  on  heating  aiiekjdt  ammmm  shioeflr 
with  aldehydes  and  ketones  (A.  59,  298;  155,  310;  B.  93, 685,  etc): 

CH, .  CHO .  NH,  +  iCH, .  CHO  »  qiUCiU(U^ 

*  (Al^j^CcaUdjSac). 
In  this  reaction  eridently  several  aldehyde  mcdecnles  condense  to  ansatnated  iid^ 
hydes,  with  long  carbon  chains,  which  in  toni  condense  with  ammonia,  fonaiBg  risp^ 
(i  Piio/ine  (p.  532)  can  also  be  made  by  heating  glycerol  with  P,Q,  and  inr^**^ 
substances — e.g^.,  acetamide,  or,  better,  ammoniam  phosphate  (B.  94,  1676),  wheapjia- 
zines  are  produced  as  by-products  (see  these). 

2.  A  method  frequently  pursued  in  synthesizing  pyridine  derivatirei 
consists  in  the  condensation  of  ^-diketo-comp&unds  with  aldehydes  and 
ammonia  (pyridine  syntheses  of  Hantzsch) : 

Example  a, — Acetoacetic  ester  (2  mols.),  acetaldehyde,  and  ammonia 
(or  aldehyde  ammonia)  yield  dihydrocollidine  dicarboxylic  ester  or  1,3,5- 
trimethyldihydropyridine  dicarboxylic  ester,  which,  by  the  withdrawal 
of  two  hydrogen  atoms,  may  be  easily  converted  into  its  conespondiog 
pyridine  derivative  (A.  215,  i ;  B.  z8,  2579): 

CH,  CH, 

COjR.CH,    OCH     CHj.COjR  -3H«0  C0,R  .C— (I^H— C.C0,R 

CH,.CO        NH,    CO.CH,  CH,.  C—NH— C.CH, 

Dihvdrocollidine 
Dkarttoxylic  Ester. 

The  acetaldehyde  can  be  replaced  by  its  homologaes,  by  formic  aldehyde  or  beual- 
dehyde  (B.  ag,  R.  842),  and  the  second  molecule  of  acetoacetic  ester  by  the  l,J-<ii- 
ketones—^.  ^. ,  acetyl  acetone,  benzoyl  acetone,  etc.  (B.  04,  1669).  In  the  pitcediag 
reaction  it  may  be  assumed  that  die  aldehyde  and  acetoacetic  ester  first  combine  to  etbyl- 
idene  diacetoacetic  ester,  CH,  .  CH[CH(CO,R) .  COCH^J,.  This  b  a  1,5-dikeloBe 
derivative,  which  unites  with  ammonia  to  a  pyridine  ring,  jost  as  1,4-diketones  sod  am* 
jnonia  form  pyrrole  (p.  456).  Consequently,  dihydrocoUidine  dicarbozylk  erter  ispro- 
auced  in  excellent  yieW  in  the  condensation  of  ethjlidcne  acetoacetic  ester  and  i^-ainido- 
crotonic  acid  ester,  in  that  the  latter  attaches  itself  to  the  nnsatnmted  Iniki^  of  dK 
onner,  with  consequent  ring  formaUon  (B.  04%  1667). 
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i»  pyridine  deriTatiTes  are  easily  obtained  by  condensing  oxymethylene 
csten  with  /3-ainidocrotonic  esters  (B.  a6,  2734),  or,  in  general,  if  NH,  be 

-c^_co- 

to  act  upon  1,5-diketones  of  the  constitution,    CH^  ,  which  are  pre- 

ifind  by  condensing  ethoxymethylene  acetoacetic  ester    and  analogously  constituted 
mlmfoaadB  with  ^-ketonic  esters  or  1,3-diketones  (B.  a8,  R.  491): 

:  HC^  +NH, >-     HC^  ^N. 

]  —CO— CH— CO—  _CO~C  =  C— 

I    GoMpAie  B.  a8,  R.  1002,  for  another  explanation  of  the  mechanism  of  this  reaction. 
JSsmmfie  b. — i,3-Dimethylpyridine-2-carboxylic  ester  forms  upon  digesting  aceto- 
(I  mol.)  with  acetaldehyde  (2  mols.)  and  ammonia: 

CH,  CH, 

CH.        OCH        CH, .  CO.R >-  CH  =  C  — C .  CO.R 

.1  I  I  II  (+3H,0  +  2H. 

HCO  NH,      CO   .CH,  CH  =  N—C.CH, 

The  mechanism  of  this  reaction  is  probably  similar  to  that  in  example  a.  The  di- 
kydlD-product  formed  at  first  is  probably  oxidized  by  the  excessive  aldehyde  to  the  corre- 
Ipooding  pyridine.     This  reaction  can  also  be  varied  by  the  use  of  different  aldehydes. 

3.  1,5-Diketones,  the  keto-groups  of  which  are  combined  with  phenyl  residues  (1,3- 
dKMensoyl  paraffins),  yield  pyridines  when  acted  upon  with  hydroxylamine  (A.  a8i,  36) : 

CH(C,H,)-CO.C,H,  /C(C,H,)  =  OrC^Hj 

c;h.chc  +NH,0H  =  C«H,C^  JN      -f  3H,0 

\ch(c;h,)-co.c,h,  ^c(c,H5)  -  c^c^h^ 

BcDzamarone  Pentapheuylpyridine. 

pyridines  are  also  produced  by  the  dry  distillation  of  certain  oximes  of  diolefine 
■onoketooes  (B.  28,  1726 ;  29,  613) : 

CH CH  =  CH  „^  CH  — CH  =  CH 

CLH,CH     HON  =  C .  CH,  C,H.C N  =  CCH, 

Cinnamenylideiie  Acetozime  a,a|-PbenylmethyI  Pyridine. 

4.  Pyridines  are  produced  by  oxidizing  the  synthetic  hexahydropyri- 
dineSy  piperidines,  or  pentamethyleneimides  (p.  538)  with  sulphuric  acid 
or  silver  acetate  (B.  25,  1631): 

CHL— CH,— CHjBr     „«,        CH,— CH,-CH,       .„         CH  =  CH— CH 

CH,— CH,— NH,  CH,— CH,-NH  CH  =CH— N 

l-Bronamyiamine  Piperidine  Pyridine. 

5.  Oxypyridine  derivatives  (pyridones)  result  from  the  action  of  am- 
monia upon  the  pyrone  compounds ;  the  linking  oxygen  atom  of  the 
pyrones  is  replaced  by  the  NH-group. 

6.  Cy«,-Dioxypyridines,  which  can  also  be  regarded  as  imides  of  gluta- 
oonic  acid  and  its  homologues,  are  obtained  from  glutaconamic  acid, 
etc. »  by  a  ring-formation  (comp.  i,  467;  11,  527);  similarly,  citrazinU 
acid^  dioxjrpyridine  carboxylic  acid,  is  prepared  by  the  action  of  ammo- 
nia upon  aconitic  ester ;  also  from  citramide  (i,  530). 
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7.  Further,  glataconimide  deriTatiTes  may  be  made  sjnUietically  by  condfiwing  iceto- 
acetic  esters  and  cyanacetic  ester  with  ammonia  or  primary  amines  (B.  ag,  K.  654 ; 
C.  1897,  I,  927) : 

CH,  CH, 

RCH .  Ix>  H,C  .CN >-  RCH— (i  =  CCN. 

oioCjH^         NH, .  C,H,0 .  io  OC NH—  c!o 

Similarly,  a-pyridones  are  obtained  by  condensing  j9-amiddketones — «.  ^.,  diacetoo* 
amine,  CH, .  CO .  CH, .  C(CH,),NH„  or  acetyl  acetonamine,  CH, .  CO .  CH  :C(CH,). 
NH,,  with  cyanacetic  ester  (B.  a6,  R.  943). 

8.  The  fact  that  /)-chlor-  and  /?-brom-pyridine  can  by  produced  by  heating  potassium 
pyrrul  with  CHCI,  and  CHBr,  is  of  interest.  Pyrrol  and  sodium  ethylate  may  be  used 
as  a  substitute  for  potassium  pyrrol.  Pyridine  results  if  CH.!,  be  used,  and  with  benzal 
chloride  the  product  is  /3-phenylpyridine  (B.  ao,  19I).  Alkylpyridines  (B.  zg,  2196) 
are  similarly  formed  from  alkylpyrrols  upon  heating  theim  with  concentrated  hydrochloiic 
acid.    Compare  the  conversion  of  alkyl  indols  into  quinoline  derivatives  (p.  544). 

Behavior:  The  pyridine  bases  are  colorless  liquids  with  a  peculiar 
odor.  Pyridine  is  miscible  with  water.  The  solubility  of  the  higher 
members  grows  rapidly  less.  Frequently  they  are  more  soluble  in  cold 
tiian  in  hot  water.  The  pyridines  are  tertiary  bases  and  form  crystalline 
salts  with  one  equivalent  of  the  acids. 

1.  5tz//j.— The  platinum  double  salts  of  the  formula  (QHjN .  HCl),- 
P1CI4  lose  two  molecules  of  hydrochloric  acid  upon  prolonged  boiling 
and  form  (C5H6N),PtCl4  (see  pyrazoles,  p.  482).  The  pyridines  form 
addition  compounds  with  many  inorganic  salts.  These,  with  HgCl,  and 
AuCl,,  are  characteristic  and  serve  for  the  separation  of  the  individual 
bases  (A.  247,  i  ;  comp.  C.  1897,  11,  129,  311). 

2.  Alkyl  iodides  and  pyridines  form  aikyl pyridimum  iodides. 

The  corresponding  alkyl  pyridinium  hydroxides  appear  to  be  very  unstable.  If  they 
be  treated  with  sodium  hydroxide  and  potassium  ferricyanide  an  atomic  rearrangement 
ensues  and  n-alkylpyridones  result : 

^H-CH\    /OH CH^»-CO\ncH 

(B.  25,  3326 ;  compare  also  the  quinolinium  compounds,  p.  545). 

3.  The  pyridines  also  unite  with  chloracetic  acid  and  its  homologues,  with  formation  of 
pyridine  betaines, 

4.  Wlien  the  alkyl  pyridinium  iodides  are  heated  to  300®  alkyl  pyri- 
dines result,  with  a  migration  of  the  alkyl-group  to  a-  or  ;^-C-atom 
(Ladenburg,  B.  17,  772).  This  is  analogous  to  the  production  of  homol- 
ogous anilines  from  n-alkyl  anilines  (p.  72). 

5  (a).  a-Meihyl  pyridines  condense  with  aldehydes  on  heating  with  water;  this  is  in 
the  nature  of  the  aldol  formation.  The  alkines^  secondary  alcohols,  result  (B.  23,  2709). 
Thus,  rt-picoline  and  acetaldehyde  form  a-picolyl  methyl  alkine,  (C^H^N)CH, .  - 
CliOII.CIT,.  The  compounds  with  chloral  are  especially  characteristic  (B.  a6, 
1414)- 

5  (b).  Pyridines  with  unsaturated  side-chains  are  formed  on  heating  a-methyl  pico- 
lines  with  aldehydes  and  zinc  chloride.  Thus,  a-picoline  and  be^aldehyde  yield 
UilbazoU,  (C5H,N)CII :  CHC.Hj  (p.  533). 

6.  Oxidizing  agents — e.  j^.,  nitric  acid,  chromic  acid — as  a  rule  do  not 
affacA'   the  pyridines.      MV  vVv^  \vomoVo^ow'&  ^^tidiues^  on  the  other 
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hand,  and  even  the  phenyl  pyridines  are  oxidi/ed  by  potassium  pcr- 
man^^anate  in />y/ n/i/ic  carboxylic  acids,  which  hnally  yield  pyridine  upon 
distillation  with  lime. 

7.  Reducing  agents  (sodium  and  alcohol)  convert  the  pyridine  bases 
into  hexahydropyridineSj  or  piperidines,  which  can  be  decomiX)sed  by 
various  methods  into  fatty  bodies  (com])are  piperidine  decompositions, 
p.  539).  The  pyridines  are  reduced  to  paraffins  when  heated  with 
hydriodic  acid.     Pyridine  yields  pentane. 

8.  Halogen^  nitro-^  and  jf^i^^<?-derivatives  are  prepared  with  far  more 
difficulty  from  the  pyridines  than  from  the  benzenes. 

IsMntrides, 

The  deriratiTes  produced  by  the  replacement  of  (he  hydrogen  atoms  in  pyridine  can 
easily  be  deduced  in  their  possible  isomerisms  from  the  given  structural  formulas,  and  are 
perfectly  analogous  to  the  isomerisms  of  the  benzene  derivatives.  Representing  (he  five 
hydrogen  atoms,  or  the  affinities  of  the  pyridine  nucleus,  with  numbers  or  letters,  corre- 
sponding to  the  diagram— 

21  /?!  a, 

4  5  /^i  «t 

then  the  positions,  l  and  5,  also  2  and  4  (as  in  benzene),  are  similar  (p.  33).  Tlic  first 
may  be  designated  the  ortho-,  the  latter,  the  meta-|X)siti()iis — while  the  position  3,  occur- 
ling  only  once,  corresponds  to  the  para  of  benzene.  From  this  we  conclude  that  the 
mono-derivatives  of  pyridine,  C5H4(X)N,  can  exist  in  three  series,  while  six  isomerides 
are  posuble  with  the  di-derivatives  C2H,(X,)N.  This  is  verified  by  the  existence  of 
three  methyl,  three  propyl-  and  phenyl -pyridines,  CjH4(R)N,  of  three  pyridine-mono- 
carboxylic  adds,  CjH^(CO,H)N,  of  six  dicarboxylic  acids,  etc.  The  determination  of 
place  for  the  pjrridine  derivatives  usually  follows  from  their  conversion  into  carboxylic 
adds  of  pjrridine. 

CatutUutioH  of  the  Pyridine  Monocarboxylic  Acids. — Tlie  constitution  of  pyridine-a- 
carboxylic  add  or  picolinic  acid  and  pyridine-/?-carboxylic  acid  or  nicotinic  acid  is  evi- 
dent from  its  production  in  the  oxidation  of  a-  and  /3-phenylpyridines.  These  latter 
bodies  have  been  obtained  from  a-  and  /3-naphthoquinoline.  \Vhcn  these  are  oxidized 
the  first  products  are  a-  and  ^-phenylpyridine  dicarboxylic  acids,  which  upon  the  loss  of 
2CO,  become  phenylpyridines.  This  proof  of  constitution  prcsup|K)ses,  therefore,  the 
constitution  of  a-  and  /3-naphthoquinolines.  The  diagram  represents  the  derivation  of  the 
constitntion  of  picolinic  add  s 

•^Naphtbo^ulnoUne        A-Phenylpyridine  opphenyl  Pyridine  Pyridine-a-carboxylic 

Dicarboxylic  Acid  Acid,  a^Picolinic  Aciil. 

The  behavior  of  the  pyridine  dicarboxylic  acids  leads  to  a  simpler  deduction  of  (he 
position  of  their  atoms  (B.  18,  2967).  Quinolinic  acid  (pyridine  dicarboxylic  acid), 
Ibnned  by  the  oxidation  of  quinoline,  has  the  position  (1,2),  and  cinchomeronic  acid, 
from  isoquinoline,  has  the  position  (2,3).  Quinolinic  acid  loses  one  molecule  of  carbon 
dioxide  when  heale<l  and  forms  nicotinic  acid,  while  cinchomeronic  acid  yields  nicotinic 
add  and  isonicotinic  acid  ;  therefore  nicotinic  acid  is  /?  =  2  and  isonico(inic  acid  >-  =  3. 

Pyridine,  C»H|N,  boiling  at  i^.S*',  with  sp.  gr.  1.003  (o*')*  c^"  ^ 
prepared  from  bone-oil,  and  is  obtained  from  all  the  pyridine-carlK)xvlic 
acids  on  AvsMWsLiion  with  lime.    Its  hydtocYAouA^,  C^^  ^ViSlX^  \^ 
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dcliciiicscent,  and  with  platinum  chloride  it  forms  a  double  salt,  (C|H»- 
N  .  HCI),PiCl4,  melting  at  240°.  See  B.  ag,  R.  295,  for  pyridine  mer- 
cury  compounds.     Its  hhUnethylate  melts  at   117®   (B.  ag.  R.  994). 

.CILCO 
Pyridine  dciaine,^i^h'^(^         >    ,  melting  with  decomposition  at  150°,  is 

formed  by  the  interaction  of  pyridine  and  chloracetic  acid  (B.  23, 
2609).  Compare  i,  521  ;  B.  26,  R.  54,  for  the  action  of  pyridine  upon 
acetyl  chloride  and  benzoyl  chloride.  Sodium  and  alcohol  reduce  it  to 
])iperidine,  while  normal  pentane  is  produced  when  it  is  heated  with 
hydriodic  acid. 

I.  Homoloe^ous  P3rridines.  Methyl  Psrridinet,  C|H4(CHg)N,  Picolines  (from 
/ix,  tar ;  because  they  were  obtained  from  coal-tar) : 

u-Picoline  U>ils  at  130° ;  its  sp.  gr.  is  0.965  at  o^,  and  it  b  oxidized  by  potassiuin 
|>ermaiiganate  to  picolinic  acid.  /i^-Picoline  boils  at  143^;  its  sp.  gr.  is  0.977.  It  is 
formed  when  stryclniine  is  distilled  (R.  13,  3555),  and  upon  heating  glycenil  with  P,Oj 
and  aninioniuni  phosphate  ;  aKso  by  heating  trimethylenediamine  hydrochloride  (B.  23, 
2730).  It  yields  nicotinic  acid  on  oxidation.  }'-Picoline  boils  at  144°.  Its  sp.  gr.  is 
0.974  at  0°.  It  has  also  been  prepared  by  heating  pyridine  iodmethylate  (p.  531).  It 
yields  isonicolinic  acid  when  it  is  oxidized. 

Dimethyl  Pyridines,  Littiiiines^  ^(^(^s)s^  Is^  •  Bone-oil  contains  mainly :  aa^-Luti- 
liine^  l>oiling  at  142°,  with  sp.  gr.  0.942;  a,) -Z»//<//>/^,  boiling  at  157®,  with  sp.  gr. 
"■9493;  and /i,>-ZM/i(/iW,  boiling  at  164°  (H.  ai,  1006 ;  ag,  2996).  ^fi^-Lutidint^ 
from  the  corres|X)ndinj;  carboxylic  acid,  boils  at  170°  (B.  23,  III3). 

a  Ethyl  Pyridine,  C5H^(C,Il5)N,  boils  at  148° ;  its  sp.  gr.  is  0.949  at  o«.  >-Ethyl 
Pyridine  boils  at  165®;  its  sp.  gr.  is  0.952  at  0°.  These  two  compounds  result  apoD 
lieatinj;  pyriiline  ethyl  iodide.  ,f  Ethyl  Pyridine  has  been  obtained,  together  with  the 
}  IkmIv.  from  cinchonine  and  brucine  on  heating  with  caustic  potash.     It  Ixuls  at  166®. 

Sym.  (1,3,5)  Tiimethyl  Pyriiiiney  C^H, ( CI  1,),N,  collidine,  is  obtained  from  synthetic 
diliydrocollidine  dicarlx>xylic  ester  (p.  528)  by  oxidation,  saponification,  and  the  elimi- 
nation of  carbon  <lioxi(lc.  It  lK>ils  at  172°.  1,3,4-Collidine,  boiling  at  165-168®, 
occurs  in  coal-tar  (li.  29,  2998). 

(1,4)  Methyl- Ethyl  Pyridine,  C5Hj(CIIj)(C,ll5)N,has  been  prepared  from  various 
aldehyde  compounds,  hence  called  aUehydine  or  ald^hydcollidine.     It  boils  at  178**. 

«  Propyl  Pyridine,  Conyrine,  €5(03! I,) H^N,  is  produced  on  heating  conine  with 
zinc-dust.      It  l)oils  at  167°. 

'/-Isopropyl  Pyridine  is  jiroduced,  together  with  the  y-compoand,  when  pyridine 
projtyl  iodide  or  isopropyl  iodide  is  heated.     It  boils  at  158^. 

Parvuline,  v-Tetramethyl  Pyridine,  boiling  at  227-230°,  occiub  in  coal-tar  (B. 
28,  796). 

/^„V,-Dibenzyl  P)rridine,  C5Hj,(C-H^),N,  boiling  at  89®,  is  formed  in  the  condensation 
of  benzaldehyde  with  benzoyl  pi[)cndine  (p.  540)  (A.  a8o,  36). 

a-  and  ,i  Phenyl  Pyridine,  C5(C,H5)n^N,  boiling  at  269**  and  270®,  result  from  the 
elimination  of  2C(J,  from  their  carl)oxylic  acids,  the  decomposition  products  of  a-  and 
/^napllthoqninoline.  The  a-body  can  also  be  made  by  heating  the  corresponding 
a-pyridone  with  zinc-dust  (IJ.  29,  1 678). 

p-Nitrophenyl  Pyridine,  melting  at  II7°»  is  obtained  from  nitrosodiazobenzene  and 
pyridine.  By  reduction  it  yields  p-amidophenylpyridine,  melting  at  I02°,  which  yields 
rt-phenyl  pyridine  (B.  29,  167).  Dinitrophenyl  Pyridine  melts  at  I18®  (B.  ag,  279). 
}'-Phenyl  Pyridine,  melting  at  77°  and  boiling  at  374°,  results  from  a  transposition 
of  the  condensation  product  of  acetoacetic  ester  with  benzaldehyde  and  ammonia 
(p.  528). 

a,n,-Phenyl  Methyl  Pyridine,  C5(C8H5)(CH3)HjN,  boiling  at  28l<>,  is  obtained 
from  cinnamylidenc  acetoximc  (p.  529  and  B.  28,  1727).  a,a}-Diphenyl  Pyridine, 
melting  at  82°,  has  been  obtained  (i)  by  distilling  the  oxime  of  cinnamylene-accto- 
plienone  (metln^l  3.  p.  529) ;  (2)  from  a,o,-diphenyl->'-pyridine-carboxylic  acid .  produced 
on  heating  dij)heuacyl-ma\on\c  acid  ni'wXy  ammoivYaL*,  mA  VSN  Vpj  ^^utUxiu^  a-phcnyl- 


NITRO-PYRIDINKS.  533 

naphthocinchoninic  acid  (B.  29,  798;  30,  1499)  Tetra-  and  Pentaphenyl  Pyridines, 
melting  at  179^^  and  240°,  are  produced  from  desoxyben/oVn  hen/ylidene  acetopluiione, 
and  from  benzamarone  and  NIIjOH  (p.  529)  (A.  281,  50;    li.  26,  440). 

y-y-Dipyridyl,  (CjH^N), -|- 2H,0,  melting  at  73°  (114°)  a"^  l>oiling  at  305°,  is 
produced,  together  with  an  oily,  polymeric  pyridine  (CglijN)x,  when  sodium  acts  upon 
pyridioe  (B.  24,  1478).  /3,^-Dipyridyl,  melting  at  68°  and  boiling  at  287°,  is  obtained 
nom  its  dicarboxylic  add,  an  oxidation  product  of  phenanthroUne  (p.  554).  Compare 
B.  ai,  1077,  for  another  dipyridyl. 

Vinyl  Pyridine,  C(H4(C,H3)N,  results  when  pyridine  vapors  are  conducted, 
together  with  ethylene,  through  a  tulw  heated  to  redness,  as  well  as  from  a-picolyl  alkine 
by  the  loss  of  water,  and  from  pyridyl-j3-brompropionic  acid  (p.  538)  by  the  exit  of 
CO,  and  HBr.     It  boils  at  160°  (B.  ao,  1644;  A.  a65,  229). 

a-AUyl  Pyridine,  C(IL(C^H5)N,  is  produced  when  picoline  and  paraldehyde  are 
heated  to  200^  (A.  a47,  26).  It  boils  at  290°.  Sodium  and  alcohol  convert  it  into 
propyl  piperidine  (inactive  Conine,  p.  562). 

Styryl  Pyridine,  SiilbazoU,  C.(CH :  CHC,H2)H^N,  melting  at  61°  and  boiling  at 
325^,  is  formed  from  a-picoline  with  benzaldehyde  and  zinc  chloride. 

2.  Halogen  Pyridines :  The  pyridines  containing  halogens  in  the  nucleus  are  ob- 
tained with  difficulty  by  the  direct  action  of  the  halogens  u|)on  the  pyridines.  Bromine 
particulariy  replaces  the  alkyl  group  in  the  homologous  pyridines  very  easily  (B.  25, 
2985;  28,  1759).  The  replacement  of  the  pyridine  hydrogen  atoms  is  more  easily 
effected  npon  heating  pyridine  or  the  oxyp3rridines  with  phosphorus  or  antimony  penta- 
chlorides. 

a-Chlor-pyridine,  melting  at  166^,  results  on  treating  a-oxypyridine  with  PCl^. 
^-Chlor-pyridine,  boiling  at  148°,  and  /3-Brom-pyridine,  boiling  at  170°,  are  formed 
when  CCn,H  orCBr,H  acts  upon  pyrrol-potassium  (p.  530).  a-Phenyl-a-chlor-pyri- 
dine,  melting  at  34°,  is  obtained  from  phenylpyridone  (B.  29,  1679).  Dichlor-p3rri- 
dine,  melting  at  67®,  and  trichlor-pyridine,  melting  at  50**,  result  from  the  action  of 
PCL  upon  barium  pyridine  disulphonate.  a,y-Dichlor-picoline,  boiling  at  206*',  is 
obtained  from  dioxypicoline  (B.  28,  R.  644).  Tetrachlor-pyridine,  melting  at  80- 
85®,  and  Pentachlor-pyridine,  C5CI5N,  melting  at  124-125°,  are  prepared  from 
pyridine  and  phosphorus  pentachloride.  The  same  reagent  converts  dioxypyridine 
(glutaconimide)  into  perchlorpyridine  (Kekul^,  p.  527). 

3.  Pyridine  Sulphonic  Acids  are  formed,  together  with  pyridine,  on  heating  piperi- 
dine with  concentrated  sulphuric  acid. 

/9-Pyridine  Sulphonic  Acid,  C5H4(SO,II)N,  also  results  on  treating  pyridine  with 
snlphoric  acid.  ^-Cyan-pyridine,  melting  at  49°,  is  formed  when  its  sodium  salt  is  dis- 
tilled with  potassium  cyanide.  It  is  the  nitrile  of  nicotinic  acid  (p.  536)  and  yields 
/3-oxypyridine  on  fusion  with  caustic  potash. 

4.  Nitro-pyridinea :  Nitration  of  the  pyridine  nucleus  seems  only  possible  when 
NH,-,  OH-,  or  similar  groups  are  present,  which,  as  in  the  case  of  benzene,  facilitate  the 
nitration  (p.  149). 

The  nitration  of  j3-oxypyridine  (p.  534)  in  the  form  of  its  acetyl  ester  with  nitric  acid 
containing  N,0,  gives  rise  to  two  nitro-ox3rpyridinea,  melting  at  21 1**  and  at  295-298° 
with  decpmixMiition ;  also  a  dinitro-ox3rpyridine,  melting  at  133°  (B.  28,  R.  911).  See 
nicotinic  acid  (p.  536)  for  the  nitroamidonicotinic  acids. 

5.  Amido-pyridines  have  been  obtained  from  the  pyridine  acid-amides  with  bromine 
and  caustic  potash  (Hofmann's  reaction),  and  also  by  the  exit  of  CO,  from  amidopyridine 
caifooxylic  acids. 

o-Amido-pyridine,  melting  at  56^  and  boiling  at  204°,  is  obtained  from  the  amide 
of  a-picolinic  acid;  also  from  a-  and  a|-amido-nicotinic  acid  (B.  27,  1317,  R.  410 ;  A. 
288,  253).  /S-Amido-pyridine,  melting  at  64°  and  lx>iling  at  251^,  is  formed  in  the 
I  of  bromine  and  caustic  potash  upon  the  amide  of  nicotinic  acid  (B.  28,  R.  322). 


y-Aniido-a,aj-lutidine,  C«H,(CH3),(NII,)N,  melting  at  i^d^  and  boiling  at  246°,  is 
obtained  from  amido-lutidine  dicarlx>xylic  acid  (B.  27,  1325).  Ciilorinated  a-amido- 
pjrridines  have  been  obtained  by  the  action  of  PCI5  ufmn  /^-oxyglutaramide.  Trichlor- 
a-amido-pyridine,  C5HC1,(NH,)N.  melts  at  143-144®. 

6.  Oz3fp]rridinea :  They  correspond  to  the  amidophenols,  as  they  form  salts  both 
with  bases  and  ncids.   They  are  formed  with  speciaX  east  (xocn  ^^  oi.YV^T\d\\!A.  ^-k^^^:^^ 
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acids  by  the  elimination  of  the  carboxyl  groops.  The  most  of  these  adds  haive  been 
produced  by  the  action  of  ammonia  upon  the  corresponding  pyrone  deriTatiTes.  Ferric 
chloride  imparts  a  red  color  to  nearly  all  their  solutions.  On  Uie  other  hand,  the  a-  ud 
)oxypyridines  manifest  the  deportment  of  cyclic  imides  or  lactams.  They  must  be 
▼iewed  as  kefo  or  <>j:^compounds  of  the  hydropyridines,  and  are  called,  therefore,  Z^'- 
dones.    The  following  formulas  have  been  considered  for  the  a-  and  x-moooxypyridioes: 

a-Ozypyridine  y-Oxypyridine 

a-Pyridone  y-Pyridone. 

Although  it  is  undetermined  which  of  the  two  possible  representations  belongs  to  (he 
free  oxy-l>odies,  alkyl  derivatives  are  obtained  from  both  in  which  the  alkyl  residue 
replaces  the  imide  or  hydroxy  1  hydrogen  (B.  24,  3I44)  (l,  363).  The  following  formulas 
should  also  be  considered  for  the  a,a]-dioxypyridines  or  glutaconimides : 

-<;;:^!o;;>  -"ds...,)"-  "■■<h;s>» 

(Compare  the  pyrazolons,  the  isoxazolons,  benzimidazolons,  indoxyl,  isatin,  etc.) 
(i)  Monoxypyridmes:  i-Oxyp3rridine,  a-Pyridone,  C^HgON,  melting  at  106°  and 
boiling  at  281°,  is  obtained  from  oxyquinolinic  acid  (p.  537^  and  from  oxy-nicotinic 
acid.     Bromine  water  converts  it  into  a  dibromox pyridine,  CjH,Br2(OIl)N,  melting  at 

>^CH  —  C(>\ 
206®.     With   ethyl   iodide   it  yields    n-ethyl-a-pyridone,  ^H^        _        ^N .  QH^, 

lx)iling  at  247°,  while  the  silver  salt  of  a-oxypyridine  and  the  same  reagent  yield  a-fthoxy- 

/.Cli  —  C(()C,lL):iv 
pyridimS'^^i  ,  ^N,  Iwiling  at  156°.     a-Methoxypyridine  zzj\7^sQ\i^ 

prepare*!  from  a  pyridone  and  diazomclhane  (p.  445  ;  B.  28,  1625). 

1.3  Dimelhyl-a-pyridone,  rscudolutidoatyril^  Mesitene  Lactam^  melting  at  180**, 
results  from  the  action  of  ammonia  upon  dimethyl  coumalin  or  mesilene  lactone  (p.  522), 
as  well  as  from  its  c:irl>oxylic  acids  (r,  363).  a-Phenyl  Pyridone,  melting  at  197°,  is 
formed  from  |)heiiyl  coumalin  and  ammonium  acetate.  With  aniline  it  yields  a,n-di- 
phenylpyridone,  melting  at  145°  (B.  29,  1677). 

2  Oxypyridone,  ('ijn^(()II)N,  melting  at  124°,  distils  without  decomposition.  It  is 
produced  when  .^pyri(li^e  sulphonic  acid  is  fused  with  caustic  potash  (B.  28,  R.  911), 
or  by  the  acti<Mi  of  nitrous  acid  upon  /^anndopyridine.  Its  ethyl  ether,  C5H^(OC,Hj)N, 
results  from  the  interaction  of  /'MJrompyridine  and  alcoholic  potash. 

3  Oxypyridine,  y-Pyridone,  CjlIgONf-f-  1I,0),  melting  at  148®,  is  produced  by 
heating  oxypicolinic  acid  and  ammon  chelidonic  acid.     Methyl  iodide  converts  it  into 

the  hydroiodide  of   n-methyl^-pyridone,   OC<^[J  ^  ^[J>NCH„  melting   at  89**. 

,^CII  — CIl:^  .       ^. 

y- Methoxv pyridine.  (ClLOjC''  ^N,  is  isomeric  with  it.     This  compound 

/  ,  IJ  y   \       z    )     ^(,jj  -_-CIl/  ^ 

may  be  j)repared  by  heating  } -chlorpyridine  with  sodium  ethylate.  It  boils  at  190®, 
and,  unlike  its  isomeride,  is  broken  down,  when  heated  with  hydriodic  acid,  into  methyl 
iodide  and  }  pyridone. 

2.4  Dimethyl-3-oxypyridine,  >-Lutidone,  C5(CH,),H,0N(-|-  l>iH,0).  melting 
at  225°,  is  obtained  from  lutidone  dicarlwxylic  acid  (p.  538),  as  well  as  from  dihydracetic 
acid  (p.  521)  on  heating  with  ammonia  (H.  28,  R.  644).  7-Ethoxylutidine,  boiling  at 
207°,  results  upon  diazotizing  ;  -amidolutidine  (p.  533)  in  alcoholic  solution  (B.  27, 1328). 

(2)  Dioxy pyridines:  i, S-Dioxypyridine, /^/u/aconinndet  CjHeOjN  (i,  467),  melting 
at  183-184®,  is  obtained  from  oxyjrlutarimide,  glutaconamic  acid,  or  glutacondiamide. 
Its  salts   (chlofidef  -f-  H,0;  sulphate ^  \  iW{^\  are  decom^^ed  by  much  water.     It 
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yie]Js  pyridine  upon  <listill:iti«)n  wiili  zinc  dust.  Pho^iilioriis  jK'ntachloride  ct»nvrrts  it 
\x\\.K)  f's^nta.hlorpyyidinc  (compare  p.  527  j. 

2  Methyl-l,5-dioxpyridine,  C^i^ClIjjII^OjX,  inching  at  191^,  2-Ethyl-l,2  Benzyl- 
dioxypyridine,  etc.,  have  been  prepared  by  the  action  of  ammonia  upon  methyl-,  ethyl-, 
and  benzyl -glutaconic  esters  (B.  26,  R.  318,  587).  These  dioxypyridines  correspond  to 
resorcinol  of  the  benzene  series,  and  like  it  they  fonn  dya  with  phthalic  anhydride  (see 
p.  364  and  6.  a6, 1559). 

Consult  B.  25,  R.  793 ;  a8,  R.  644,  for  1,3-diozypicoline. 

Different  isomeric  dioxypyridines  have,  furthermore,  been  prepared  by  the  fusion  of 
pyridine  disnlphonic  acids  with  caustic  potash  (B.  17,  1832)  and  by  the  removal  of  CO, 
from  oomenamic  or  dioxypicolinic  acid  (p.  538)  (B.  18,  R.  633),  etc. 

(3)  Trioxypyridinei:  1,3,5-Trioxypyridine,  Triketopiperidine^  CjHjOjN,  decomposes 
at  220-230®.  It  corresponds  to  phloroglucin  (p.  165).  It  can  be  obtained  by  boiling 
glutazine  with  hydrochloric  acid.     Heated  with  ammonia  it  reforms  Glutaxine,  p-Imido- 

ghaarimide.^H  :  C<^[|*^^q>NH  (?),  melting  with  decomposition  at  300®,  which 

may  be  prepared  by  heating  acetone  dicarboxylic  ester  with  ammonia  (B.  20,  2655). 

Psrromecaxonic  Acid  is  an  isomeric  trioxypyridine,  obtained  from  pyromeconic  acid 
with  ammonia.     Ferric  chloride  colors  it  a  dark  indigo-blue. 

7.  Pyridyl  Alcohols:  These  are  sometimes  called //riV/|//rt/itiii«.  They  arise  (i) 
in  the  ddol  condensation  of  a-methyl  pyridines  with  aldehydes  on  boiling  with  water ; 
(2)  bom.  theur  HBr-esters,  the  homologous  pyridines  brominated  in  the  side-chain  ;  (3) 
by  the  reduction  of  the  corresponding  ketones : 


l-Picolyl  Alkine,  C.H.N(CH,  .  CH,OH),  boiling  at  I79«>  (22  mm.),  and  i-Picolyl 

'    aH^NCH,(CHOI -  

and  acetaldehydes  (B  22,   2583;    23,   2709,  ^725).      i-Picolyl    Trichlor-methyl 


Methyl  AjUdne,   C.H4NCH,(CIiOH)CH,,  are  obtained  from  a-picoline  with  formic 


Alkinc,C,H^NCH,CH(OH)Ca„  melting  at  87**,  is  formed  from  a-picoline  and  chloral. 
Alcoholic  potash  converts  it  into  a-pyridyl  acrylic  acid  (p.  538).  P)rridyl-a-ethyl 
Alkine,  C^H4NCH(OH)C,H5,  boiling  at  213®  to  218®,  is  isomeric  with  a-picolylmethyl 
alkine.  It  is  made  by  reducing  pjrridyl  ethyl  ketone  with  sodium  amalgam.  I-Picolyl- 
4-methyl  Alkine,  C5H,(CH,)NCH(OH)CH„  boiling  at  240°,  results  upon  boiling 
bromcollidine  with  water  (B.  28,  1759). 

8.  Pyridyl  Ketones :  Ketones  of  the  pyridine  series  are  obtained  in  the  distillation 
of  pyridine  carboxylic  acids  with  fatty  or  aromatic  acids  (Engler,  B.  24,  2525).  They 
yield  secondary  alcohols,  together  with  pinacones.  by  reduction. 

I-Pyridyl  Methyl  Ketone,  (CH,CO)C5H^N,  boiling  at  192®.  is  prepared  from 
calcium  picolinate  and  acetate.  Its  oxime  melts  at  120°.  Its  phcnylhvdratone  melts  at 
15S«. 

2- Pyridyl  Methyl  Ketone,  boiling  at  220°,  is  obtained  from  calcium  nicotinate  and 
acetate.  l-Picoline-4-methyl  Ketone,  C5H,(CH,)(COCH,)N,  boiling  at  233°,  results 
upon  oxidizing  the  corresponding  alkine  (B.  28,  1764). 

i-Pyridyl  Ethyl  Ketone,  (CjHjCOjCjH^N,  boiling  at  205®,  is  changed  by  sodium 
and  amyl  alcohol  to  aethyl piperyl alkine^  CjHjCHrOH) .  CjH^NH,  which  is  identical 
with  the  pseudoconhydrint  present  in  the  conine  alkaloids. 

2-Phenyl  Pyridyl  Ketone,  CjII^CO.  CgH^N,  boiling  at  307®  (B.  20.  1209),  forms 
two  isomeric  oxinus^  melting  at  142®  and  162°  TB.  29,  R.  832).  /i,>-Diacetyl  a.a,- 
lotidine,  C^H(COCH.)|(CH|).N,  is  produced  by  tne  action  of  ammonia  upon  metlienyl- 
bisacetylacetone,  (CH,CO),CH  .  CH  :  C(COCH,),— compare  i,  478).  i-Acetacetyl 
Pjrridine,  (C^H^NjCO .  CH, .  CO .  CH„  melting  at  50°  and  boiling  at  137-143'*  (15 
mm.),  is  obtained  from  picolinic  ester,  acetone,  and  sodium  ethylate  (B.  29,  R.  846). 

9.  Pyridine  Carboxylic  Acids.— These  acids  of  pyridine  result 
upon  oxidizing  the  homologous  pyridines  with  potassium  permanganate, 
when  alkyl  as  well  as  phenyl  groups  are  converted  into  carboxyl.  The 
condensed  pyridine  derivatives — e,g.,  quinoline,  isoquinoline,  etc. — ^are 
similarly  decomposed,  the  benzene  rings  being  ruptured  and  oxidized  to 
carboxyl.  Hence,  most  alkaloids,  being  pyridine  derivatives,  yield  these 
acids  upon  energetic  oxidation. 
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The  lower  acids  can  be  prepared  from  the  pyridine  polycarbozylic 
acids  by  heating  them  with  hydrochloric  acid.  Usually,  in  this  treatmcDt 
it  is  the  COOHgrou]>s,  occupying  the  a-position,  which  are  split  off. 
Uix)n  heating  with  lime  all  the  carboxyl  groups  are  eliminated  and  pyri- 
dine is  formed. 

The  pyridine  carboxylic  acids,  like  the  other  pyridiDe  derivatiTes,  are  reduced  by 
sodium  and  alcohol  to  piperidine  carboxylic  acids. 

A  number  of  pyridine  carboxylic  acids  are  reduced  by  sodium  amalgam  in  aqoeoos- 
alkaline  solution  to  laciomc  adds  of  the  fatty  series.  The  group  — CH  =  N  —  CH  =i$ 
then  converted  into —CO— O — CH, —  (B.  25,  R.  904;  a6,  R.  8;  ay,  R.  193,  etc.). 

As  the  pyridines  are  bases,  their  acids  manifest  the  chanicter  of  amido-adds.  Tbe 
basic  properties  disappear  with  the  polycarboxylic  acids. 

The  methods  of  determining  position  or  place  in  the  monocarboxylic 
acids  have  been  given  on  p.  531.  Of  the  dicarboxylic  acids,  quinolinic 
acid,  because  of  its  formation  from  quinoline  (p.  527),  must  be  the 
«,/?-(]! carboxylic  acid,  and  cinchomeronic  acid,  because  of  its  production 
from  isoquinoline  (p.  554),  must  be  the  /?,y'-di carboxylic  acid. 

A.   Pyridine-mono-carhoxylic  Acids  : 

I -Pyridine  Carboxylic  Acid,  Picolinic  Acid,  C5H^N(CO,H),  is  obtained  by  the 
oxiilatiun  of  a-picoline.  It  melts  at  135-136°,  and  sublimes.  I'crrous  sulphate  imparts 
to  its  solutions,  as  well  as  to  those  of  all  pyridine  carboxylic  acids  having  the  carboxyl 
group  in  the  a -position,  vl.  yelltnu-red  co\or. 

2- Pyridine  Carboxylic  Acid,  Nicotinic  Acid,  was  first  obtained  by  oxidizing 
nicotine.    It  is  also  prepared  from  /^-picoline,  as  well  as  from  /3-cyanpyridine.     It  melts 

at  228-229°.  Its  iodmethylate  forms  a  bffaffte^  C5H^(COO)N  .  CH,,  which  is  identical 
with  the  alkaloid  trigonelline  (p.  564).  5-Chlornicotinic  Acid,  melting  at  199°,  is 
olttniried  from  oxyiiicotinic  acid,  and  when  heated  with  ammonia  becomes  5-Amido- 
nicotinic  Acid,  which  changes  to  a-amidopyridine  on  heating,  and  by  nitration  yields 
4,5-nitroamidonicotinic  acid,  melting  at  280°.  The  reduction  of  the  latter  yields 
4.5-diamidonicotinic  acid.  i-Amidonicotinic  Acid,  from  quinolinamic  acid,  also 
yields  a  amidopyridine  on  the  application  of  heat,  and  by  nitration  becomes  nitroamido- 
nicotinic  acid  (B.  27,  1317;  A.  288,  253). 

3  Pyridine-carboxylic  Acid,  Isonicotinic  Acid,  is  obtained  from  > -methyl 
pyridine,  or  from  cinchomeronic  acid,  by  the  spliuing-off  of  CO,.     It  melts  at  304°. 

Homolo}^ous  Pyridine  Monocarboxylic   Acids : 

3-Methyl- 1 -pyridine  Carboxylic  Acid  is  obtained  on  heating  uvitonic  acid  when 
iCOj  splits  off.     It  sublimes  without  previously  fusing. 

3  Methyl-nicotinic  Acid  results  on  heating  methyl  quinolinic  acid.  It  melts  at 
210°. 

1,3  Dimethyl-nicotinic  Acid,  C5H,(CH,)2N(CO,H).  Its  ethyl  ester  results  in  the 
condensation  of  acetoacetic  ester  with  aldehyde  and  aldehyde-ammonia.  The  free  acid 
contains  two  molecules  of  water  of  crystallization. 

H.    Pyridine  Dicarboxylic  Acids  : 

1,2  Pyridine  Dicarboxylic  Acid,  Quinolinic  Acid,  CjH,N(COOH),,  melting  at 
190°  with  decomiK)sition,  is  obtained  from  (]uinoIine  and  from  I-  and  2-methyl -quinoline 
by  oxidation  with  ix)tassium  permanganate  (H.  ig,  293).  llie  oxidation  of  p-oxyquino- 
line   with   bleaching  lime   yields  an   intermediate   product,  carbopyridyl  glyceric  acid, 

('jIIjN  :",.!. Qjjv    rnrOincOOH'  ^^^^^  changes  with  ease  to  acetonicotinic  acid^ 

^^^^^.rc\c\\  (compare  II.  26,  1501,  and  decomposition  of  /3-naphthol  and  naphtho- 
quinone, pp.  392,  393). 

The  anhydride  melts  at  134°  and  the  imide  at  230®  (A.  288,  257). 

2j-Pyridine  Carboxylic  Acid,  Cmchorci^tomc  Kcxd^v^oVAaiuedftomcinchooine 
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•nd  ctnchooidme  by  oxidation  with  nitric  acid  and  by  the  oxidation  of  isoquinoline 
with  potassium  pennanganate.  It  mehs  at  266^  with  decomposition.  It  yields  an 
unhydridi^  C^H.N(CO),0,  melting  at  67^.  Sodium  amalgam  reduces  it  to  cinchonic 
add,  C^HgOf,  whicn  breaks  up  into  CO,,  and  hydrocinchonic  acid  or  dimethyl  maleic 
anhydnde  on  application  of  heat  (B.  z8,  2968 ;  i,  465). 

The  methyl  betalne  of  cinchomeronic  acid  is  Apophyllenic  Acid. 

1,3-PyTidme  Dicarboxylic  Acid,  Lutidinic  Acid,  C^II,N(C(X)H),  -f  2H,0, 
melts  at  235^*  ^A.  247,  37).  1,4-PyTidine  Dicarboxylic  Acid,  isocinchomeronic  acid^ 
crystallixing  with  i-i>^  mols.  of  water,  melts  at  236^  (B.  19,  1311). 

1,5-Pyridine  Dicarboxylic  Acid,  Dipicolinic  Acid,  melts  at  225^  (A.  247,  33). 
2,4-F^dine  Dicarboxylic  Acid,  Dinicotinic  Acid,  melts  at  314^  (B.  19,  2S6). 

Homologous  Pyridine  Dicarboxylic  Acids : 

3-Methyl-quinolinic  Acid,  05113(01!,) N(C0,II)3,  is  produced  upon  oxidizing 
y-methyl-quinoline  with  potassium  permanganate.   It  mells  about  186^  with  decomposition. 

I-Mcthylpyridine  5,3-dicarboxylic  Acid,  Uvitonic  Acid,  05(01!,) I I,N(0OOH)„ 
is  formed  when  alcoholic  ammonia  acts  upon  pyroracerruc  acid.     It  melts  at  244^. 

LfUtidine  Dicarboxylic  Acid,  i,5-Dimethyl-2,4pyridine  Dicarboxylic  Acid, 
C|H(CH,),N(0OOH)j,  melting  at  316°,  is  formed  from  methenylbisacetacetic  ester  and 
ammonia  (compare  i,  483,  and  A.  241,  31). 

(1. 3. 5 )-Trimethyl-pyridine-( 2,4) -dicarboxylic  Acid,  CoUidine  DicarboxyUc  Acid^ 
C^(CH,),N(0O,H),.  The  diethyl  ester  is  prepared  by  the  oxidation  of  dihydro-collidine 
dicarboxylic  ester  in  alcoholic  solution  with  nitrous  acid.  It  is  the  starting-out  substance 
for  the  preparation  of  a  series  of  higher  and  lower  pyridine  carboxylic  acids. 

C.  Pyridine  Tricarboxylic  Acids:  1, 2, 3- Pjrridine  Tricarboxylic  Acid,  Carbo-cin- 
chomironic  Acidy  05H,N(OOOH)3  -f  i)^H,0,  melting  at  250°,  results  ujKm  oxidizing 
quinine,  cinchonine  (p.  572),  various  decomposition  products  of  these  alkaloids,  and 
}'-methyl  quinolinic  acid,  etc.,  with  potassium  pennanganate.  Oonsult  0.  1897,  ii,  308, 
for  the  esterification  of  this  acid.  1, 3, 5 -Pyridine  Tricarboxylic  Acid,  meltin}^  with 
decomposition  at  145^,  is  obtained  from  symmetrical  collidine  (p.  532)  or  from  uvitonic 
acid  (A.  228,  29).  1, 3,4- Pyridine  Tricarboxylic  Acid,  Bcrberonic  Acid^  obtained 
by  the  action  of  nitric  acid  upon  the  alkaloi<1  berberine,  melts  at  235°  (B.  25,  R.  582), 
i,2,5-P3rridine  Tricarboxylic  Acid,  ( -f  211,0),  decomposes  at  130°  (B.  19,  1309). 

D.  Pyridine  Tetracarboxylic  Acids:  1, 2, 3, 5 -Pyridine  Tetracarboxylic  Acid, 
CjHN(0OOH)4(-f-  2H,0),  melting  at  227°,  is  obtained  from  collidine  carboxylic  acids, 
or  iiomjlavenol  (p.  546),  a  quinoline  derivative  (B.  17,  2927).  Oonsult  B.  19,  1309, 
for  the  1,2,4,5-tfriV,  etc. 

E.  Pyridine  Pentacarboxylic  Acid,  05N(00,H)5  -|-  2H,0,  decomposing  at  220°, 
is  formed  by  the  oxidation  of  collidine  dicarboxylic  acids. 

8.  Oxypyridine  Carboxylic  Acids:  The  views  expressed  on  p. 
534  relative  to  the  oxypyridines  or  pyridones  apply  to  the  constitution 
of  the  oxypyridine  carboxylic  acids.  The  latter  are  obtained  with  re- 
markable ease  from  the  corresponding  pyrone  carboxylic  acids  by  the 
action  of  ammonia.  When  heated  they  break  down,  as  a  rule,  quite 
readily  into  carbon  dioxide  and  pyridones. 

A.  Monoxypyridine  Carboxylic  Acids  :  I -Oxyp3rridine-4- carboxylic  Acid,  Oxy nico- 
tinic Acid,  05H4ON(0OOH),  melting  at  303®,  is  produced  when  ammonia  acts  upon 
coumalic  acid  ester,  and  by  the  elimination  of  carbon  dioxide  from  oxyquinolinic  acid. 

i-Ozypyridine-2-carboxylic  Acid,  melting  with  decomposition  at  255°,  is  made 
from  i-amidonicotinic  acid  (p.  536),  and  in  various  other  ways  (A.  288,  265 ;  M.  9, 145). 
3- Oxypyridine- 1 -carboxylic  Acid,  Oxypicolinic  Acid,  (-f  1 1,0),  melting  at  250°,  is 
produced  by  the  action  of  ammonia  upon  comanic  acid  (p.  522).  i-Oxyp3rridine-4,5- 
dicarboxylic  Acid,  Oxyquinolinic  Acid,  05!lsON(0O(JH),,  decomposing  at  254^,  is 
obtained  from  quinolinic  acid  by  the  potash  fusion,  or  from  its  methyl  ether,  methoxyquino- 
linic  acid,  melting  at  140^,  which  results  when  potassium  permanganate  acts  upon  amido- 
carbostyril  ether.  3-Oxypyridine-i,5-dicarboxyV\c  Kcvd,  AmmonchcUdomc  Ac\d^ 
Ckelidamu  Add,  is  obUuDed  by  the  action  of  ammoniai  w^n  c^«\v\oiC\c  v^ia^  V^.  V^> 
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i,3-Dimethyl-5-pjrridone  Carbozylic  Acid,  Pseud&lutidaOyrU  Carh^xylU  AcH 
C.(C'n,),II,ON(C(X)II),  results  upon  heating  HCI-/)-amidocrotooic  ester  to  lyiP  (B.  14, 
R.  632).  n-Phenyl  Lutidone  Carbozylic  Acid,  CjH(CH,),(C,H.)ON(C00H),  b 
similarly  produced,  together  with  y-oxyquinaldine»  upon  heating  jS-anifidocrotonic  etfer. 
1,5  Lutidone-2,4^icarboxylic  Acid,  C5(CH,),HON^CCK>H)„  melting  at  267<>,  result! 
when  ammonia  acts  upon  dimethyl  pyrone  dicarboxyhc  ester.  Pentachloride  of  phoi- 
pliorus  converts  it  into  3-chlorlutidine  dicarboxylic  acid,  melting  at  224^,  whidi 
yields  3aniidolutidine  dicarboxylic  acid  with  ammonia  at  150°  (B.  27,  1323). 

K.  Dioxypyridine  Carbozylic  Acids :  Dioxypicolinic  Acid,  C5H^O^(C00H). 
Cornenamic  Aiufy  is  derived  from  comenic  acid  (p.  522)  by  aid  of  ammonia. 

1,5-Diozyisonicotinic  Acid,  Citrazinic  Acid^  is  formed  when  dtnmide,  CONH,C 

(On)<^.{  j>  *  ^'qJJ|{'.  is  heated  with  concentrated  sulphuric  acid. 

An  aldehyde  dicarbozylic  acid,  C5H,(),N(COOH),(CHO)  (B.  ag,  R.  110$),  is 
obt.iine<l  in  the  action  of  chloroform  and  caustic  potash  upon  citrazinic  acid. 

9.  Pyridyl  sul>stituted  acids  of  the  fatty  series  are  not  very  numerous.  Certain  pfridjl 
lactic  acids,  because  of  their  relations  to  the  alkaloids,  have  been  investigated : 

a,2Pyridyl  Lactic  Acid,  C^H^N  .  CrOH)(CH.)COOH,  b  formed,  along  with  tri- 
methylnniine,  in  the  decomposition  of  the  i\VM\ov\  pilocarpine  (p.  564).  Phosphorus  tri- 
l»romi(le  converts  it  into  pyridyl  brompropionic  acid,  CHiNCBrCH, .  COOH.  The 
homoIoRous  picoline-a  lactic  acid,  [C5(CII,)H,N]C(OH)(CH,)C(X)H,  is  obtained  liy 
sa|)onifyinfT  its  nitriU^  the  cyanhydrin  of  picolylmethylketone  (p.  535)  (B.  28,  1765). 
/^.i  Pyridyl-lactic  Acid,  C^ILN .  CHjCH (OH )COOH,  melting  at  I25^  is  preparoi 
by  decomposing  its  ^rM<>-<AA>r/<?(f,  trichlormeihyl  picolyla1kine,C5H^NCH2CH(OH)CCl| 
(p  535)t  ^'i(^  so<la,  whereas  with  alcoholic  potash  the  product  is — 

Pyridyl  a-acrylic  Acid,  CjH^N .  CH  :  CH .  COOH.  Bromine  converts  this  acid  into 
pyridyUibrompropionic  acuf,  and  hydrobromic  acid  changes  it  to  pyridylmonobronKfro- 
pionic  acid,  ^^M^.  CllHr.  CH, .  COOH  (A.  265.  22i).  a,2-Picoline  Acrylic  Acid, 
[('5(('n5)n,NjClI(  :CIl2)COC3H,  is  obtained  from  picoline  brompropionic  acid,  the 
reaction  product  of  PBr,  and  picoline  lactic  acid. 

HYDROPYRIDINB  DERIVATIVES. 

Hydropyridincs,  and,  indeed,  the  perhydrogenized  products,— the 
pipnidint'Sy — are  produced  when  the  pyridines  are  reduced  with  zinc  and 
hydrochloric  acid,  or,  l)etter,  with  sodium  and  boiling  alcohols,  and  by 
eicrlrolysis  (H.  29,  R.  1122  ;  C.  1897,  I,  388). 

a.  llantzsch  obtained  dihydropyridine  derivatives  in  the p3rridine  syntheses  from  aceto- 
acctic  ester  and  aldehyde  ammonias.  They  part  verj'  readily  with  two  atoms  of  hydrogen 
and  revert  to  pyridines.  Further,  several  dihydropyridines  have  been  obtained  as  liquids* 
with  {)enetratin};  mlor  and  easily  rcsinitied,  by  the  action  of  caustic  potash  upon  alkyl' 
pyridinium  iodides  (It.  14,  1497). 

1).  Tetrahydropyridines^  Fipnidelues :  Tetrahydropicoline,  C5TIg(CHj)N,  boiling 
at  132°,  is  ol>taincd  from  rf-amidobutylmethyl  ketone  by  ring-formation  (B.  25,  219O  * 
A.  294,  135)  : 

CHj.CHj.NH,  ^CH,.CH,.NH 

CH, .  CH, .  CO  .  CH,  CH, .  CH  :  icH, ' 

The  letrahydropyridines  include  a  series  of  bases,  which  have  been  prepared  from  th  ^ 
pilH-ridincs  by  the  action  of  bromine  and  sodium  hydrate,  or  iodine  and  silver  oxide,  c?* 
by  the  exit  of  water  from  the  oxypipcridines.  Thus,  the  conicelnes  result  from  th^ 
action  of  phosphorus  pcntoxide  ui>on  conhydrin  (p.  5^^)* 

The  n  alkyl  derivatives  of  the  pyridones  (p.  534)  and  the  dioxypyiidines  or  glutacon. ' 
imides  arc  to  be  viewed  as  >&^/^-derivatives  of  di-  and  tetrahydropyridines. 

c.  IlexahydropyridineSy  Piperidines :  Hexahydropyridine,  Piperi-^ 

dine,  FeniamethyUntimidc^  ^^»<^Ch\- c!a*^^">  boiling  at  106^,  is  ^ 
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dissolving  quite  readily  in  water  and  in  alcohol.  Its  odor  is  like 
pepper.  It  occurs  attached  to  piperic  acid  (p.  285)  as  piperine  in 
y  and  is  produced  when  piperine  is  heated  together  with  alcoholic 
.  It  may  be  synthesized  (i)  by  heating  pentamethylene  diamine 
:hloride ;  (2)  by  heating  e-chlor-  and  e-bromamylamine  with  caustic 
(previously  mentioned) ;  and  (3)  by  the  reduction  of  pyridine, 
bich  it  passes  when  heated  with  sulphuric  acid  to  300^,  or,  better, 
itrobenzene  to  260®,  or  by  boiling  with  silver  oxide  or  silver 
;  in  glacial  acetic  acid  (6.  25, 1620). 

ymposition  of  Piperidine.-^The  piperidine  ring  is  ruptured  in  the  followiDg 
s : 

nben  piperidine  (i)  is  heated  to  3CX>**  with  hydriodic  acid  it  is  converted  into  am- 
nd  n-pentane. 

lien  piperidine  is  oxidized  with  hydrogen  peroxide  it  changes  to  (5-amidovaleric 
e  (3)  and  n-glatarimide  (4).  The  decomposition  by  means  of  hydrogen  per- 
ith  the  formation  of  (5-amidoaldehydes  is  observed  also  with  the  homologous 
MS.  The  (f-amidoaldehydes  regenerate  the  piperidines  with  caustic  potash,  and 
livm  bisulphite  form  piperidine  sulphonic  acids  (H.  28,  1459,  2273). 
itric  acid  oxidizes  piperidyl  urethane  (5)  to  y-carbethoxyl-amidobutyric  acid  (6), 
ields  y-amidobutjrric  acid  or  piperidic  acid  with  caustic  potash. 
)€issiam  permanganate  oxidizes  benzoyl  piperidine  (7)  to  d-benzoyl-amido-n- 
icid  (8),  which  is  changed  by  caustic  potash  to  d-amido-n- valeric  acid  (9)  or 
leridic  acid  (B.  17,  2544). 

peridine  and  methyl  iodide  form  dimethylpiperidinium  iodide  (10),  which  moist 
cide  converts  into  dimethylpiperidinium  hydroxide  (ll).  This  breaks  down,  on 
on,  into  dimethylpiperidine,  the  A^-pentenyldimcthylamine  (12)  and  water.  If 
^nyIdimethytamine  be  converted  into  A^-pentenyltrimethylammonium  hydroxide 
id  the  latter  be  distilled,  it  will  break  down  into  piperylene  (i,  99)  or  [1,4-pen- 
(14),  trimethylamine,  and  water  (A.  W.  Ilofmann,  Ladenburg,  B.  16,  2058; 
;  the  decomposition  of  the  pyrrolidines,  p.  461).  The  diagram  affords  a  review 
•receding  decomposition-reactions : 
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Piperidine,  being  an  imide  base,  is  capable  of  fonning  a  nitroso-oompooiid,  iMdkyt- 
and  n-acid-derivatives : 

Nitro80pip«ridine,  CHj^N .  NO,  boiling  at  218^,  resolu  from  the  action  of  nitroBS 
acid  upon  piperidine.  By  reduction  it  becomes  Fiperylhydnsine,  C^HmN.NH^ 
1x)iling  at  146^.  See  B.  30,  535,  for  the  electroljrtic  redaction  of  nitrosopiperidine  ind 
the  formation  of  dipiperidyl.     n- Methyl  Piperidine,  C^H^qN  .  CH,,  t»ik  at  107'. 

n-Ethyl  Piperidine  boils  at  128^    n,x-Brompropylpipendine  and  trimethylm 

C\\ 
piperylium  bromide,  QH,,:  NBr<^|j«>CH,.     See  B.  ag,  2389. 

The  great  reactivity  of  piperidine  with  brom-  and  iod-benzenes,  resalting  in  the  pro- 
(luctiun  of  n-phenylpiperidine  (B.  ai,  1921),  is  very  peculiar.  This  power  is  ▼eryms- 
terially  reducctl  in  the  case  of  a-methyl  piperidine  (B.  23,  1388). 

n-Phenyl  Piperidine,  CjHipNCfll,,  boib  at  250^*.  n-a-  and  /9-Naphthyl  Piper- 
idine, boiling  at  215°  and  melting  at  56^,  are  obtained  without  difficulty  from  the  naph- 
thols  and  pii)eri(line  (B.  29,  II 75). 

n- Acetyl  Piperidine,  CglljoNCOCH,,  boils  at  226^.  n-Benaoyl  Piperidine, 
CgllioNCOC^H},  melting  at  48^,  condenses  when  heated  with  benzaldehyde  to  dibenxrl- 
pyridine  (p.  532).  Piperidyl  Urethane,  C.H,^NCO,C,H,,  boils  at  2li».  The 
oxidatitm  of  benzoyl  pi]>eridine  and  piperyl  urethane  leads  to  the  rupture  of  the  piperi- 
dine nucleus.     See  p.  539.     Piperine,  the  alkaloid,  is  the  piperide  of  piperic  acid. 

Tlie  fiomohi^ous  piperidinfs  result  when  the  homologous  pyridines  are  reduced  with 
sodium  and  alcohol.  They  are  called  pipecolines,  C.H0(CH,)NH,  lupetidines, 
C5l^(Cn,),NH,  copellidinea,  C5H8(CH,)(C,H5)NH,  etc.  (compare  B.  28,2270.) 

The  alkyl  pi|)eridines  contain  asymmetric  carbon  atoms,  hence  different  members  of 
this  class  of  bases  have  l>een  decom{X)sed,  by  means  of  their  bitartrates,  into  optically 
active  comiMinents — e,  ,^^,  a-pipecoline  (B.  29,  43,  422),  the  copellidine,  boillDg 
at  163^  (ii.  29,  1959),  ol)tained  from  aldehyde  collidine,  and  /3-propyl  piperidine, 
Uiiling  at  174°  (B.  30,  1060),  isomeric  with  conine,  which  has  been  synthetically  pre- 
pare<l  from  f-chlor-/?propylamylamine. 

a,a|-Diphenyl  Piperidine  melts  at  69^  (B.  30,  1499). 

n  Methyl  apipecolyl  Alkine,  C5H,[CH(()I1)CH,]NCH„  boils  at  215®,  ind 
11  Methyl  «-vinyl  piperidine,  C5H,(C,H,)NCH„  boils  at  162°  (C.  1897, 1,  386). 

Triacetonamine  and  vinyl  diacetonamine  (1,219)  ^'^  keto-derivatives  of  the 
pil>eridine  series : 

p..  .CHj  — QCIIj),.    j,jT  p^  XH,  —  CH(CH,)  «..  xTu 

^^<CIlj  — qcilj),-'^"  ^"<CII,  — CH(CH,),-^^"- 

They  are  produced  in  the  action  of  diacetonamine  upon  acetone  and  benzaldehyde. 
The  oxiffte  of  the  vinyhliacetonaraine,  melting  at  151°,  yields  upon  reduction,  depending 
upon  the  prevailing  conditions,  two  stereoisomeric 

>-Amidotrimethyl  piperidines,  NH,CII<^J^«~^[Jij^^J*^>NH  (n-^rt// melting 

at  26°  and  Iwiling  at  84-86°  (20  mm.) ;  the  pbady^  an  oil,  boiling  at  82-84°  [22  mm.]), 
which  nitrous  acid  clianges  to  two  stereoisomeric  vinyldiacetonalkamines,  or  }-ozy- 
trimethyl  piperidines,  C5ll7\(On)(CIl5)j,  melting  at  138°  and  i6l«*.  The  latter 
is  rearranged  by  sodium  amylate  into  the  first  (A.  294,  336). 

Sotlium  and  alcohols  reduce  the  pyridine  carboxylic  acids  to  piperidine  carhoxylii 
at  ids  : 

Pipecolinic  Acid,  C5H,oN(COOH),  melting  at  261®,  is  resolved  by  the  bitartrates 
into  d-  and  l-pii-tocolitiic  acids,  melting  at  270°  (B.  29,  2887).  Hexahydroquinolinic 
Acid,  CjIItpNiCXJOil),  has  been  obtained,  similar  to  the  hydrophthalic  acids,  in  two 
stereo- isomeric  forms,  melting  at  227°  and  253**,  of  which  each  in  the  form  of  its  niiroso- 
com{K>und  can  be  decomitosed  into  two  optically  active  forms  (consult  B.  29,  2665). 
Hexahydrocinchomeronic  acid  melts  with  decomposition  at  256°  (B.  29.  2187). 
Eucaine,  derived  from  triacetonamine,  is  an  oxycarboxylic  acid  derivative  of  the  piperi- 
dine series.     It  is  a  tetramethyl-n-inethyl-)'-benzoxypiperidine->'-carboxylic  ester, 

(CIl3)N<^J^,j^Y  ~  iru  >  ^  ""^CC^OcIl  *•  ^^"^**  ^■^  **^"  recommended  as  a  substi- 
tute for  cocaine  as  an  anxslV\e\AC  ^C.  \^^,\\,iw^. 
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Coninfy  or  a-propyl  pii>eridinc,  tropint\  and  t\\\^onine  arc  other  impor- 
tant pi{x.*ridine  compounds.  They  arc  alkaloids  or  dec  (;mi)osition  proihicts 
of  the  latter.  They  will  be  discussed  later,  in  the  chapter  relating  to 
alkaloids. 

Ccmdensed  nncld,  obtained  from  pyridine,  have  been  prepared  in  great  numbers,  and 
are  arranged  in  the  following  groups:  II.  Quinolines.  HI.  Coruiensed  Quinolines — . 
/.  ^.,  nrnpotboaoinolines,  anthraquinolines,  phenanthrolines,  quinoquinolines.  IV.  ho- 
ptmoima,  V.  Phenanihridines,  VI.  Naphthyridines  and  Naphlhinolines.  VII. 
Acridimes  (carbazacridines,  quinacridines).  VIII.  Anthrapyridines,  'Ilie  alkaloids 
■Itodi  themseWes  as  a  distinct  chapter  to  the  preceding  bodies. 

II.  QUINOLINE  GROUP. 

The  quinoline  bases,  or  benzopyridine  group,  occur  with  those  of  pyri- 
dine in  bone-oil  (coal-tar),  and  are  obtained  by  distilling  different  alka- 
loids with  lime.  The  parent  substance  of  the  group  was  first  obtained 
by  Gerhardt  (184a)  from  the  alkaloids  quinine  and  cinchonine. 

As  regards  synthetic  methods,  transpositions,  and  isomerides,  quinoline 
is  a  naphthalene  in  which  an  a-CH-group  is  replaced  by  N. 

Uris  was  first  shown  by  synthesizing  quinoline  from  allyl  aniline.  This  is  perfectly 
analogous  to  the  synthesis  of  naphthalene  from  phenyl  butylenc  (p.  390)  (Kdnigs) : 

q.H,.  NH .  CH. .  CH :  CH.  =  C,H,/^j^-gJ 

AUyl  Aniline  Quinoline. 

A  more  direct  proof  of  the  constitution  of  quinoline  was  effected  through  its  formation 
fifom  hydrocarbostyril  (p.  391) ;  PQ^  converts  the  latter  into  a  dichloride,  which  u|X)n 
heating  with  hydriodic  acid  yields  qumoline  (A.  Baeyer,  B.  12,  1320) : 

Hydrocarbostyril  o/S-Dichlor-quinoline  Quinoline. 

A  *<  diagonal  formula"  has  been  suggested  for  quinoline  because  of  its  production  in 
the  distillation  of  acridine : 


Owing  to  the  intimate  genetic  relations  prevailing  l)ctween  the  quinoline  and  pyridine 
derivatives  we  most  assume  for  the  pyridine  nucleus  of  quinoline  the  same  linkages  as  in 
pjrridine  itself  (see  p.  526).  Furthermore,  later  researches  upon  the  formation  of  quino- 
qninolines  (p.   553)   from  quinolines  afford   additional  proof  against  the   "diagonal 

Isomerisms  of  the  Quinoline  Derivatives  : 

Wc  represent  the  three  replaceable  hydrogen  atoms  of  the  pyridine  nacleus  in  quino- 
line by  a,  fif  and  y ;  those  01  the  benzene  nucleus  with  i,  2,  3,  and  4. 


CO 
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The  positions  i,  2,  3,  referred  to  the  N-atom,  correspond  to  the  ortho-,  metm-.  and  ytn- 
|N>sitions  uf  the  benzene  derivatives;  4  is  known  aa  the  ^ita-position.  These  positiou 
are  <lesitpiate<l  as  the  aflinitics  of  the  benzene  nucleus  with  o-,  in-,-p-,  and  a.  Anotlwr 
nomenclature  desi(;nates  the  affinities  of  the  pyridine  nucleus  as  I^-l,  -2,  and  -3;  those 
of  the  lienzene  nucleus  as  U- 1,  -2,  -3,  and  -4.  Consequently,  seven  mono-derintiTesof 
quinoline  are  possible  (B.  19,  K.  443). 

Syntheses  of  the  Quinoline  Derivatives : 

1.  The  coiulensalion  of  the  ortho-amido-compounds  of  such  beDzene 
derivatives  as  have  an  oxygen  atom  attached  to  the  third  carbon  atom 
of  the  side-chain. 

In  tills  way  we  obtain  quinoline  from  o-amido-cinnamic  aUekydet 
Q^ '  4     r  1 1  * .  r  1 1     C(~)H   " *"^^^^y'  -quinoline  from  o-amiJo- cinnamu  mtthyl  ketone^  and 
u-oxy-quinoliue  (carbustyril)  from  o-amido-cinnamic  acid. 

2.  Tlic  condensation  of  o-amidobenzaldehyde  or  o-amidobenzoketones 
with  sul)stances  containing  the  group  — CHj — CO —  (^.  ^.,  aldehydes, 
ketones,  acetoacetic  ester,  nialonic  ester)  to  quinolines  by  means  of 
sodium  hydroxide  is  dc{)endent  upon  the  intermediate  formation  of  such 
o  aniido-derivalivcs  (Friedlander,  B.  16,  1833;  ^Si  ^750  • 

/Clio  CII,  /CH  =  CII 

^•"*\Nn,    "^    CO. CII,  ■^^•"*\N^(^CH, 

o-AniKl(ibvnzalilch)cle       Acetone  a-Methyl  Quinoline. 

^-()xy<iuinolincs  arc  similarly  formed  from  anthranilic  acid  (p.  211) 
wiih  aldehydes,  ketones,  etc.  (Ch.  Zt.  17,  Rep.  258;  see  also  B.  28, 
2S09). 

The  synthesis  of  (juinoline  from  o-toluidine  and  glyoxal  and  that  of 
/?-<ixv(]Minaldinc  from  o-toluidine  and  pyroracemic  ester  are  similar 
(H.  27,628;  28,  R.  743): 

/CIL  OCII  /CH  =  CH 

3.  The  i)r()duction  of  (luinoline  and  its  derivatives  substituted  in  the 
])enzcnc  nucleus  by  heating  anilines  with  glycerol  and  sulphuric  acid  to 
about  140°,  with  the  addition  of  nitrobenzene,  or,  better,  arsenic  acid 
( 1>.  29,  70.^)  as  the  oxidizing  agent.  This  method  is  of  universal  appli- 
cation, and  can  be  very  readily  executed  (Skraup) : 

C„II,.  NH,  -f  C,II«03  =  C,IT,N(C3H,)  -f  3H,0  +  H,. 
Aniline  Glycerol  Quinoline. 

It  is  very  i)robal»le  tlint  acrolein  first  results,  this  then  combines  with  the  aniline 
<l<.*rivjitive  yiehlinj^  acroleln-aniline,  which  is  oxidized  to  the  quinoline  derivative  by  the 
elimination  uf  two  hydro>^cn  atoms  l)y  sulphuric  acid.  The  halogen,  nitro-,  oxyanilines. 
toluidiiies,  etc. ,  beliavc  similarly.  The  naphthylamines  yield  the  naphthoquinolines ;  and 
the  (liamidobcnzcncs,  the  phenanthrolincs. 

Instead  of  using  a  mixture  of  the  aromatic  aniline  and  nitrobenzene,  the  correspond- 
ing; nitro  b(Mly  alone  can  be  employed,  which  then  is  reduced  in  part  by  the  hydrogen 
arising;  in  the  reaction.  T)ic  first  synthesis  of  this  description  was  the  preparation  of 
alizarin  blue  (p.  554)  from  nitroalizarin  (p.  427),  glycerol,  and  sulpliuric  acid  (A.  201, 
333)- 
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The  following  may  be  regarded  as  further  generalizations  of  these  syn- 


4  (a).  Quinolines  substituted  both  in  the  benzene  and  pyridine  nucleus 
U€  produced  in  the  condensation  of  anilines  with  aldehydes,  aided  by 
sulphuric  or  hydrochloric  acid  {Quinaidine  syntJuses  of  Doebner  and  v. 
Miller).  Aniline  and  acetaldehyde  yield  a-methyl  quinoline  or  quinal- 
dine: 

C;H,. NH,  +  2C,H,0  =  C.H,/^"J ™j  ^  +  2H,0  +  H, 

a^Methyl  Quinoline. 

All  aldehydes  of  the  formula  CHO .  CHjR  react  like  acetaldehyde. 
The  first  step  in  the  reaction  consists  in  two  molecules  combining  to  un- 
saturated aldehydes,  CHO .  CR  :  CH .  CHjR,  or  condensing  to  aldols 
corresponding  to  them.  These  then  act  upon  the  anilines  and  form 
quinoline  bases  with  a  CHs-group  in  the  a-position. 

It  is  very  probable  that  alkylidene  anilines  formed  at  first  change  to  dimolecular, 
aldol-like  condensation-products,  which  split  off  aniline  and  become  quinaldines  (B.  25, 
2^^  \  39>  59  *  compare  formation  2  of  the  indols,  p.  466) : 

•™.-<=«-<^«.— ^5":™-!!j|-.c„.=^=^^<'i6c„.- 

The  hydrogen  set  free  sometimes  occasions  a  partial  reduction  of  the  reaction-product 
to  tetrahydroqainoline  derivatives  (p.  550). 

(b)  Instead  of  two  molecules  of  the  same  aldehyde,  a  mixture  of  two  aldehydes,  or 
an  aldehyde  with  a  ketone,  may  be  used ;  in  the  latter  case  a,x-di-  or  a,/3,7-tria1kyl 
quinolines  are  formed  (C.  Beyer,  B.  20,  1908) — e,  g.: 

CH,  CHj 

C.H..  io.CH.         >     ch/^  =  ?' 

^NH,  4- CHO . CH,  •    *\N  =  C.CH, 

a,Y-Dimethyl  Quinohne. 

(c)  a-Alkylcinckoninic  acids  (a-alkyl-quinoline-y-carboxylic  acids)  are  produced  by  the 
interaction  of  a  mixture  of  pyroracemic  acid  and  an  aldehyde  upon  aniline  (p.  549)  (B. 
281,  I) : 

CO.H 

?'"  A 

C,H, .  NH,  -h  CO .  CH,        =    C;H/     ^CH  +  2ll,0  +  H,. 
CHO.R  \     ^C.R 

This  is  a  reaction  which,  particularly  when  naphthylamine  is  substituted  for  aniline, 
proceeds  so  smoothly  that  the  production  of  naphtho-cinchoninic  acids  may  be  applied  as 
a  test  for  the  detection  of  aldehydes  in  mixtures.  I'yroracemic  acid  alone,  when  heated 
with  aniline,  yields  the  a-methyl  quinoline-y-carboxylic  acid  (aniluvitonic  acid),  together 
with  phenyl  latidone ;  thb  is  because  aldehyde  is  formed  from  one  molecule  of  the  pyro- 
ncemicadd. 

5.  Oxyquinoline  derivatives  are  obtained  from  aniline  derivatives  of 
/9-ketonic  acids  and  /9-dicarboxylic  acids  by  a  ring  formation  (L.  Knorr^ 
B.  17,  R.  147;  A.  236,  112). 
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M;i(Miihriiif  |i|ii/-  dyrs,  the  Cyatiines,  which,  however,  are  unstable,  and  the  constitu- 
ii'.ii  i,\  whif  h  \\  not  flrJiniirly  known,  arc  obtained  by  treating  mixtures  of  alkyl  quino- 
hnniiii  iiHliflis  iiiid  InmioloKouR  alkyl  quinolinium  iodides  with  caustic  potash  (B.  18,  R. 
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When  the  quinolinium  hydroxides  are  treated  with  alcohols,  water  splits  off,  and  ah  0- 
kOaUs  (—  N  <^^  \  remain. 

3.  Quinoline,  like  pyridine,  is  but  slightly  attacked  by  nitric  acid  or 
chiromic  acid.  Potassium  permanganate,  however,  destroys  the  benzene 
nucleus  in  them,  with  production  of  a,P-pyndine  dicarboxylic  acid  (quino- 
linic  acidy  p.  536). 

The  homologous  quinolines,  containing  the  alkyl  groups  in  the  pyri- 
dine nucleus,  and  those  containing  the  substituents  in  the  benzene 
nucleus  are  oxidized  by  chromic  acid  in  the  presence  of  sulphuric  acid  to 
the  corresfxinding  quinoline  carboxylic  acids,  while  potassium  permanga- 
nate, on  the  other  hand,  usually  oxidizes  those  substituted  in  the  benzene 
nncleus,  with  the  formation  oi pyridine polycarboxylic  acids  (B.  23,  2252). 

PoUssiam  peniumganate  converts  the  a-alkyi  quinolines,  by  the  destruction  of  their  pyri- 
dine nndetts,  into  tcid  derivatiTes  of  o-amidobenzoic  acid.  By  this  treatment  a-phenyl 
qiiiiioliiie  yields  benzoyl  anthranilic  acid  (B.  19,  1 196). 

The  pyridine  nacleas  is  similarly  ruptured  by  the  oxidation  of  the  quinolinium  com- 


4.  The  pyridine  naclens  of  the  quinolines,  when  reduced  with  zinc  and  hydrochloric 
add,  takes  np  four  atoms  of  hydrogen,  with  the  pro<luction  of  tetrahydroquinolines. 
DeaihydroquinoHne  finally  results  by  more  energetic  reduction. 

The  number  of  known  quinoline  derivatives  is  very  great.  To  a  cer- 
tain extent  they  have  a  technical  value  as  antiseptics,  antipyretics,  dyes, 
etc.  Only  the  more  important  members  of  this  group  will  receive  con- 
sideration in  the  succeeding  {)aragraphs. 

Quinoline,  C»H|N,  is  a  colorless,  strongly  refracting  liquid,  with 
penetrating  odor,  which  possesses  a  powerful  antiseptic  action.  It  boils 
at  239®;  its  sp.  gr.  =  1.095  ^it  20**.  It  occurs  in  bone-oil  and  coal-tar. 
It  results  when  many  alkaloids  are  distilled,  and  is  best  prepared  syn- 
thetically by  Skraup's  method — /.  ^.,  boiling  a  mixture  of  38  grams 
aniline,  100  grams  sulphuric  acid,  24  grams  nitrobenzene  or  arsenic 
acid,  and  120  grams  glycerol  for  several  hours  (B.  14,  1002  ;  27,  574 ; 

a9t  704). 

It  forms  crystalline  and  very  soluble  salts  with  one  equivalent  of 
acids;  the  characteristic  bichromate,  (Q,H7N,)Cr20,H2,  dissolves  with 
difficulty  and  forms  yellow  needles,  melting  at  165^. 

Its  iodmethylate^  C,H,N .  ICH3,  melting  at  72°,  is  converted  by 
sodium  hydroxide  into  n-methyldihydroquinoline  and  n-methyl-a-ciuino- 
line. 

Quinoline  betahu,  Q^^  .  CH, .  CO  .  O,  melts  at  171**.  Its  hydro- 
chloride is  formed  from  quinoline  and  chloracetic  acid.  Di-,  tetra-, 
kexa*^  and  decahydroquinoline  result  from  the  reduction  of  quinoline 
(p.  550- 

HomolofOas  Qoinolines. — The  seven  isomeric  methyl  quinolines  are  all  known. 
The  four  qainolines,  methylated  in  the  bcnzenb  nucleus,  sometimes  caile<l  toluquinolines 
Oi  wtahyatnzqMinoiines,  are  obtained  by  the  reaction  of  Skraup  from  the  three  tolu- 
idiMs:  o-methyl  quinoline  boils  at  24&^,  ihtpara  at  257<*,  the  meta  at  248<>,  and  the 
MM  at  250^. 

11—46 
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a-Methyl-quinoline,  Quinaldine,  C,H9N(CH,),  boiling  at  247®,  occnn  in  coal-tar 
(25  percent.)  (B.  16,  1082).  It  is  produced  by  the  various  sjrnthetic  methods,  by  the 
reduction  of  y-oxyquinaldine,  and  by  fusing  ethyl  acetanilide,  CLHjN(C,H5)  .  CO .  CH^ 
with  zinc  chloride  (B.  23,  1903).  It  may  also  be  obtained  by  digesting  aniline,  paralde- 
hyde, and  crude  hydrochloric  acid  for  several  hours  (B.  16,  2465). 

Chromic  acid  oxidizes  ii  to  a-quinoline  carboxylic  acid  (see  p.  545). 

The  CH, -group  of  quinaldine  is  very  reactive.  It  enters  readily  into  condensation 
products  with  aldehydes  (paraffin  or  benzene  class)  (B.  ao,  2041).  It  combines  with 
formaldehyde  to  a-oxethyi  quitioline^  which  by  loss  of  water  forms  a-vinylfuinoline. 
C,He(C,H,)N  (B.  27,  2689).  Chloral  yields  the  compound,  C,H,N  .  CH  :  CH  .  CCl,. 
melting  at  144°  ;  lx)iling  potassium  carbonate  converts  it  into  a-quinoline  acrylic  acid, 
CIH^N .  CI  I  :CIl.CO,II,  while  potassium  permanganate  oxidizes  it  to  a-quinoline 
aldehyde,  C.IIfN.CHO.  Hydrobromic  acid  and  soda  convert  quinoline  acrylic  acid 
into  a-quinoline-lactic  acid  (B.  21,  K.  635;  28,  R.  752^.  Consult  B.  22,  271,  upon 
quinoline  acrylic  acids  and  quinoline  aldehydes.  Quinaldine,  oxalic  ester,  and  sodium 
elhylate  yield  quinaldim  oxalic  acid,  (dH,N)CH,  .  CO  .  COOH  (B.  30,  1479). 
Quinaldine  and  phthalic  anhydride  yield  a  beautiful  yellow  dye — quinophthalone  or 
quinoline  yellow,  C^H^fC^O,) :  CH  .  N .  C^H,  (p.  240),  melting  at  235®.  The  sodium 
salt  of  its  sulphonic  acid  is  the  quinoline  yellow  of  commerce.  It  dyes  silk  and  cotton 
a  beautiful  yellow. 

See  B.  29,  187,  for  the  action  of  quinaldine  upon  phthalaldehydic  acids. 

/3-Methyl  Quinoline,  CgH0(CH,)N  (B.  20,  1916),  boils  at  250^*  and  melts  at 
io-i4<>. 

y-Methyl-quinoline,  Lepidine,  occurs,  together  with  quinoline  and  quinaldine,  in 
coal-tar,  and  is  obtained  on  distilling  cinchonine  with  caustic  potash.  It  may  be  syn- 
thetically prepared.  It  boils  at  257°.  Chromic  acid  oxidizes  both  methyl  quinolines  to 
the  corresponding  quinoline  monocarboxylic  acids.  Potassium  permanganate  produces 
pyridine  tricarboxylic  acids. 

n,/i  Dimethyl  Quinoline,  C9H5(CH,),N,  boils  at  261®  (B.  22,  267). 

n,}^- Dimethyl  Quinoline,  l)oiling  at  266^,  is  made  from  acetyl  acetone  and  aniline, 
as  well  as  from  dihydrotrimethyl  quinoline,  which  is  produced  by  the  interaction  of 
indol  and  methyl  iodide  (p.  550). 

/^,} -Dimethyl  Quinoline,  from  /?,> -dimethyl  carbostyril,  melts  at  65°  and  boils  at 
290°.     o-  and  p-Toluquinaldine,  C,H5(CH,),N  (B.  23,  3483). 

a-Ethyl  Quinoline,  CaHj(C,H.)N,  boils  at  255-2600,  /?■  Ethyl  Quinoline  at  265<». 
I1iey  result  on  beating  ethyl  quinolinium  iodide  to  250°  (analogous  to  the  formation  of 
alkyl  pyridines,  p.  528).     y- Ethyl  Quinoline  boils  at  270-275®. 

Consult  B.  21,  R.  138,  upon  the  trimethyl-quinolines. 

a-Phenyl-quinoline,  C9Hg(CjH5)N,  is  obtained  from  cinnamic  aldehyde  and  aniline 
upon  heating  them  with  hydrochloric  acid  to  200®.  It  melts  at  84**  and  boils  above 
300®.  Potassium  permanganate  oxidizes  it  to  benzoyl  anthranilic  acid.  /3-Phenyl- 
quinoline  is  an  oil,  which  solidifies  on  cooling  (B.  16,  1836). 

y-Phenyl-quinoline  is  formed  from  its  acid.  It  melts  at  61°.  It  is  closely  re- 
lated to  the  quinia  alkaloids  (B.  20,  622).  See  B.  27,  907  (p.  571),  for  T'-Quinoline 
Phenols. 

Nitrophenyl  Quinoline,  NOjC^H^.  C^H^N,  melting  at  159®,  is  formed  from  iso- 
diaznnitrobenzene  and  quinoline  (B.  29,  160). 

y-Phenyl-a- Methyl  Quinoline,  y-phmyl  quinaldine,  C,H5fC^H^)(CHj)N,  results 
by  the  condensation  of  benzoyl  acetone  with  aniline  (B.  20,  1771).  It  melts  at  99®  and 
yields  >- phenyl  quinoline-a-carboxylic  acid  when  its  phthalone  is  oxidized  with  chromic 
acid.     This  new  acid  affords  y-phenyl  quinoline. 

a-Phenyl-x-methyl  Quinoline  is  produced  (B.  19,  1036)  by  distilling  flavenol  with 
zinc-dust.     It  melts  at  65°. 

Its  p-amido-derivative,  Flavaniline,  applied  as  a  beautiful  yellow  dye  (B.  15,  1500), 
is  a-Amidophenyl->'-methyl-quinoline,  CjH5(CH,)(C^H.NH,)N.  It  results  in  the 
condensation  of  o-amido-acetophenone  and  |vamido-acetophenone  when  digested  with 
zinc  chloride  (B.  19,  1038).  Its  monacid  salts  are  yellow  in  color  and  have  been  used 
as  dyes  (B.  15,  1500).  Nitrous  acid  converts  it  into  so-called  Plavenol,  C^H5(C^H4- 
OH)  (CI f J )  N,  a  ,p.  Phcny\->  tnclYiv\-<V>3^^^o\\T\^ . 
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Varioos  ifomeric  diquinolines,  (C^IIfN),,  have  been  prepared  by  boiling  quinoline 
with  sodium ;  further,  by  conducting  its  vapors  through  tubes  heated  to  redness,  and 
finally  from  benzidine  and  other  diamidodiphenylenes  through  Skraup's  quinoline  syn- 
thesis (M.  8,  121 ;  B.  17,  1965  ;  20,  634,  etc.). 

Diquinolyl  Quinoline,  QH.N.  QH^.  C^H^N,  melting  at  151^,  is  formed  from 
y>acetacetyl  quinoline,  C^H^N .  COCH,^OCH,  (p.  549),  with  two  molecules  of  o-amido- 
benzaldehyde  (B.  ag,  R.  845)- 

Triqninolyl  Methane,  CH(C0H^N)„  melting  at  202^,  is  obtained  from  pararosani- 
line  by  the  reaction  of  Skraup  (B.  24,  1606,  2267).  Consult  p.  357  for  the  opinion  that 
aldehyde  green  is  a  quinoline  derivative. 

Halogen,  Sulpho-,  and  Nitro-derivativesof  the  Quinolines. — All  those  containing 
the  substituents  in  the  benzene  nucleus  are  prepared  by  the  methods  in  use  for  the  intro- 
duction of  such  groups  into  benzene  and  naphthalene.  Or  the  corresponding  substituted 
benzene  derivatives  are  subjected  to  the  quinoline  syntheses  given  on  p.  544.  It  is  more 
diflficult  to  introduce  the  halogens,  the  nitro-  or  the  sulpho-groups  into  the  pyridine 
nocleos  of  quinoline.  Py-chlorine  derivatives  of  quinoline  are  chiefly  made  by  the  action 
of  PQ5  upon  py-oxyquinolines.  The  ready  mobility  of  the  halogen  atoms  occupying  the 
a-  or  y-positions  in  qoinoline  is  very  remarkable.  They  can  be  easily  replaced  by  OH, 
NHR,  etc. 

a-Chlor-quinoline,.C^H,GN,  melting  at  38^  and  boiling  at  267^,  is  prepared  from 
carbostyril  and  PG5  (B.  15,  333).  /3  Chlor-quinoline,  boiling  at  255°,  is  produced 
from  quinoline  and  sulphur  chloride,  along  with  the  compound  (C,HjN),S,  and  trichlor- 
quinoline  (B.  29,  2456).  a-Brom-quinoline  melts  at  49°  (J.  pr.  Ch.  [2],  41,  41). 
«-Brom -quinoline,  melting  at  13^  and  boiling  at  276°,  results  from  the  action  of  sul- 
phur bromide  upon  quinoline  or  by  heating  quinoline  hydrochloride  with  bromine  (B.  27, 
K.  732 ;  25,  R.  422 ;  29,  2459).  y-Chlor-quinoline,  melting  at  34°,  is  obtaineid  from 
kjnnrine  and  also  from  y-amidoquinoline  (B.  27,  R.  748).  y-Brom-quinoline  results 
when  PBr^  acts  upon  kynurine  (B.  27,  R.  732).  a-Iod-quinoline  lodmethylate, 
C^H^IN .  ICH|.  melting  at  212°,  is  produced  when  methyl  iodide  acts  upon  a-chlor- 
quinoline  (A.  282,  376).  a-Methyl-^-chlor-quinoline,  melting  at  72**,  is  produced 
from  methyl  ketol,  CC1,H  and  sodium  alcoholate  (B.  21,  1942).  a,/3-Dichlor-quino- 
line,  melting  at  105^,  results  in  the  action  of  PCI5  upon  hydrocarbostyril.  a,/?,>-Tri- 
chlorquinoline,  C^H^C1,N,  melting  at  107°,  is  formed  from  malonanilic  acid  and  VQ\ 
(B.  17.  737)  (p.  544). 

Amido-quinolines,  substituted  in  benzene  nucleus,  are  produced  in  the  reduction  of 
the  corresponding  nitroquinolines.  The  py-a-  and  ^-amido-quinolines  result  upon  heat- 
ing a-  or  y-chlor-  (brom-)  quinolines  with  amines. 

a-Amido-quinoline,  CyHf(NII,)N,  melting  at  114^,  is  produce<l  by  the  reducing- 
decomposition  of  a-phenylhydrazide-quitioHne^  CgH.(NH .  NnC5H5)N,  the  reaction 
product  of  phenylhydrazine  and  a-chlorquinoline.  1  he  oxidation  of  phcnylhydrazido- 
qainoline  produces  a'phenylazoquinoline^  Q^\J^\^  :  NC.lIj)N  (B.  24,  2819). 

a-Amidoquinoline  lodmethylate,  C0Hf(NH,)N.  ICH3,  melting  at  247^,  is 
formed  directly  from  ammonia  and  a-iod-quinoline  iodmethylate  (A.  282,  380). 
a-Phenylamido-quinoline,  C,IIs(NHC0Hj)N,  melting  at  98°,  results  upon  heating 
a-chlorquinoline  and  aniline  to  200^  (B.  18,  1532).  X'Amido-quinoline,  melting  at 
142-144^,  is  formed  when  bromine  and  caustic  potash  act  u|X)n  cinchoninnmide  (see 
amidopyridines,  p.  533).  }'-Amido-quinaldine,  CjlIjfCH^^fNHj^N,  melts  at  270° 
(B.  21,  1980).  p-Methoxy->-amidoquinoline,  C9lI^(OCH,)(NH,)N,  melting  at 
120**,  results  when  potassium  hypobromite  acts  upon  the  amide  of  quinic  acid  (B.  29,  K. 

674). 

Ozyquinolines. — ^The  oxyquinolines  manifest  the  character  both  of  bnses  and  of 
phenols.  Those  containing  the  hydroxyl  in  the  benzene  nucleus,  called  also  quino- 
phenols  or  oxybenzquinolines,  are  sjmthesized  from  the  three  amidophenols  by  Skraup*s 
and  Ddbner- Miller's  reactions ;  also  by  reduction  of  the  Bz-nitroquinolines,  or  from  the 
qoinoline  snlphonic  acids  l)y  fusion  with  caustic  potash  (B.  28,  R.  912). 

I-Oicyquinoline,  C,H,(OH) :  (C|H,N),  is  most  readily  prepared  from  i-quinoline 
snlphonic  add  (B.  16,  712).  It  melts  at  75^  and  boils  at  260°.  From  it  is  obtained 
i-Bthosy-4-acetamidoquinoline,  analgen,  C,II,(OC,H()(NH  .  COCH,) :  (CjllsN), 
melting  at  155^^  which  has  been  recommended  for  the  a\\ev\aX\oTv  ol  ^^vci.    ^-^x^^>kis^- 
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line,  melting  at  194°,  results  from  the  exit  of  carbon  dioxide  from  xanthoqainic  jcid 

(P-  550)- 

The  Bz-oxyqoinolines,  when  acted  upon  in  glacial  acetic  acid  solution  (Zincke's 
method),  are  converted,  like  the  naphthols,  into  chlorinated  quindine^uinooes,  whkh 
(similar  to  the  conversion  of  naphthalene  derivatives  into  indenes)  are  reairtnged  to 
pyrindene-derivatives  of  a  condensed  pyridine  and  indene  ring.  Thus,  from  p-oxj- 
quinoline  and  chlorine  by  various  transformations  of  the  primary  reaction -products, 
dichlortrilcetotetrahydroquinoline  (l)  results.  This,  on  boiling  with  water,  becoaxs 
/^chlor-o-oxypyrindone  (2),  from  which  dichloracetopicolinic  acid  (3)  is  obtained  bj 
rupture  of  the  ring  (A.  ago,  321) : 

(«)  ^^^^>^\co-6(\      ^^^  ^"»Nco  -7^     *^'3' ^"•''xcooH 

The  oxyquinolines,  with  hydroxyl  in  the  pyridine  nucleus,  are  more  feeble  bases  and 
phenols  than  the  oxybenzciuinulines.  As  in  the  case  of  the  oxypyridines  or  pyridones(p. 
534) ,  it  is  undetermined  whether  the  hydroxyl-  or  keto-fonn  should  be  given  to  the  oiy- 
quinolines  of  the  a-  and  >'-positions.  Ethers,  however,  of  the  two  forms — e.g.tCar- 
bostyril  and  psfudocarbostyril—exxsi : 

/CH:CII  /CH:CH  •C(OR):CH  /CO-CH 

CA\,(  I  andCJLC  1       ;      C-H^C  J,      and  CH  / 

•    *\N  :  COR  •    *\NR.CO  *    *\N==CH  ^    *\NR-Cll 

a-Oxyquinoline,  Carbostyril,  C,H,ON(  +  H,0),  the  lactime  or 
lactam  of  o-amido-cinnamic  acid  (p.  214),  is  most  readily  obtained  by 
the  reduction  of  o-nitro-cinnamic  ester  (B.  14,  1916).  It  may  also  be 
pre|)are(l  from  tf-chlorquinoline  by  heating  it  with  water,  and  by  digesting 
(luinoline  with  a  bleaching  lime  solution  (B.  2Z,  619).     It  melts  at  199^. 

Water  decom{x)ses  its  salts  with  alkalies  and  acids.  Potassium  permanganate  oxidizes 
it  to  oxalyl  anthranilic  acid,  Cjll^<  xt„    ^q    CO  H'     Sodium  and  alcohol  reduce  it  to 

tetrahydrcMjuiuoIine. 

Carhostyril  Methyl  Ef/ier,  boiling  at  247®,  and  the  ethyl  ether,  boiling  at  256®,  or 
fj-nu'thoxy-  and  ethoxy-quinolifii's^  are  oils.  They  are  produced  by  the  action  of  llie 
alkyl  icKli<les  uikhi  the  Na-  or  Ag-salts  of  carbost>Til,  by  the  action  of  sodium  alcoliol- 
ates  upon  a-chlorquinolines,  and  when  o-amidocinnamic  esters  are  digested  with  alcoholic 
zinc  chloride. 

The  psfNtiorarbostyrit  ethers — the  methyl ^  melting  at  7 1®;  and  the  ethyl^  at  54** — are 
produced  by  the  action  of  the  alkyl  iodides  upon  free  carbostyril  in  the  presence  of 
alkalies.  Also  when  sodium  hydroxide  acts  uiion  methyl-  and  ethyl-quinolinium  iodide 
(p.  544).  n- Methyl  (luinolon  is  also  produced  when  ethoxyquinoline  is  heated  with 
methyl  iodide  (li.  30,  930). 

i-Nitrocarbostyril,  C5,Hg(N()2)ON,  melting  at  168°,  results  from  the  action  of  alco- 
liolic  ammonia  ui)on  nitrocoumnrin.  3  Ozycarbostjrril,  melting  beyond  300^,  is 
formed  by  the  cr)ndensatlon  of  6-amido-m-coumaric  acid,  which  is  produced  in  the  elec- 
trolytic reduction  of  o-nitrocinnamic  acid. 

>-Methyl.o  oxyquinoline,  > -Methyl  Carbostjrril,  or  Lepidone,  CjH,(CH,)ON, 
melting  at  223°  and  boiling  at  270^  (17  mm.  ^  isobtained  from  acetoacetanilide  (p.  544). 
Its  lactime  ether,  a- Afeihoxy-} -methyl  qitinoliney  Iwiling  at  276**,  results  when  NaOCH, 
acts  upon  a-chlorlepidine.  The  lactam  ether :  n-methyl  lepidone,  melting  at  131®,  is  pre- 
pared from  acetoacetic  ester  and  methyl  aniline  (p.  543),  and  by  heating  ethoxylepidine 
with  methyl  iodide  (B.  30,  931). 

ft  Oxy  «  methyl  Quinoline,  y-O.xyquituililine,  C,H,(CM,)ON(  -f  2H,0),  melting 
at  2jl°,  from  /i  anilido-crolomc  eslci  (v-  %^'i>>,;A'&i>^OTtwfcV^o\'wsa«.Tvt  ^vVkftrst 
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y-Methoxyquinaldine^  boiling  at  298°,  and  wtmthyl  (]ninahiofu\  meltiuL;  at  175'' 
(B.  22,  7S).      With  methyl  iodide  both  etherb  yield  the  same  ioJmt-thv'ate, 

C(OCH3)  -^  CH 
C^H.<:^  A    ^TT  »  ^^lich  uixjn  heating  or  treatment  with  alkalies  becomes 

N(ICH,)  =  C  .  CH, 
n*methyl  quinaldone  (B.  30,  922).     Compare  the  similar  behavior  of  methoxyphenyl- 
methyl  pjmxole  and  antipyrine. 

y-Oxyquinoline,  Ksmurine,  C^1I^(0H)N,  is  made  by  heating  kynurenic  acid 
(oxyquinoliiie  carboxylic  acid),  and  by  oxidizing  cinchonine  and  cincboninic  acid  with 
chromic  acid  (B.  aa,  R.  758).  It  melts  at  201^.  PCI5  converts  it  into  y-chlorquinoline 
(B.  a7.  R.  748)  (p.  547). 

p,X-Diozyquinoline,  C^H^O^N,  results  in  the  saponification  of  p-methoxykynurine, 
which  is  formed  when  nitrous  acid  acts  upon  p-methoxy-y-amidoquinoline  (B.  ag, 
R.  67s). 

a,y-Diozyquinoline,  C,lIfO,N,  sublimes.  It  is  formed  when  caustic  potash  acts  upon 
X'bromcazbostjrril  and  upon  digesting  a-amidophenyl  propiolic  acid  with  SO^II,  (B.  15, 
2151)  (p.  284).  The  reduction  of  its  /3-nitroso-derivative  produces  a,)3,x-trioxyquino- 
line,  (^H|O.N,  which  ferric  chloride  oxidizes  to  c|uinisatinic  acid  (p.  261)  and  quin- 
iaatin  or  triketotetrahydroquinoline  (B.  17,  985). 

Quinoline  Aldehydes  and  Quinoline  Ketones  : 

a-Quinoline  Aldehyde,  CyH,(CHO)N,  melting  at  71°,  is  obtained  from  quinoline 
acrylic  acid  (p.  546)  with  potassium  permanganate. 

Py-Ooinoline  ketones  are  produced  by  synthetic  method  2  (p.  542)  from  o-amidobenz- 
aldehyde  and  )3-diketones : 

/9-Acetyl  Quinaldine,  C,Hb(CH,)(COCH,)N,  melts  at  57.5®  (B.  25,  1756.) 

/3-Acetyl  Carbostyril,  C^H,(COCH,)ON,  melting  at  232°,  is  formed  from  o-amido- 
benaldehyde  and  acetoacetic  ester  (B.  16, 1838). 

7-Acetacetyl  Quinoline,  (LH^N(CO .  CH, .  CO .  CH,),  melting  at  65°  and  boiling 
at  206^  (17  mm.),  is  prepared  from  cincboninic  ester,  acetone,  and  sodium  ethylate.  It 
condenses  with  phenylhydrazine  to  phenylquinolylmethyl  pvrazoU^  melting  at  120®,  and 
with  two  molecules  of  o-amidobenzaldehyde  to  diquinolyl  quinoline  (p.  547  ;  B.  29,  K. 

84s). 

Quinoline  Carboxylic  Acids :  They  exhibit  the  character  of  amido-acids.  Those 
substituted  in  the  benzene  nucleus  have  been  synthesized  from  the  amido  benzoic  acids 
(B.  a8, 2809),  and  are  produced  when  Bz-alkyl  quinolines  are  treated  with  chromic  acid. 
The  Py-quinoline  carboxylic  acids  also  result  from  the  action  of  a  chromic  acid  mixture 
upon  Py-alkyl  quinolines.  The  alkyl  groups  in  the  /-position  arc  most  easily  oxidized  ; 
the  /9-  with  more  difficulty,  and  the  alkyl  groups  in  the  a-position  with  the  greatest  diffi- 
culty (B.  23,  2254)  (p.  544).  When  they  are  heated,  carbon  dioxide  is  expelled  and  the 
respective  quinolines  are  produced.  The  acids,  carrying  the  carboxyl  in  the  a-position, 
are  colored  reddish-yellow  by  ferrous  sulphate. 

o-Quinoline  Carboxylic  Acid,  C,H,N(COOH),  melts  at  1870.  The  w^-Ai  acid 
melts  at  248-250°.  The  /nra-acid  melts  at  about  291®.  The  <7»tf-acid  melts  at  360® 
(A.  237,  325  ;  »•  »9»  R-  443,  548). 

a-Quinoline  Carboxylic  Acid,  Quinaldic  Acid,  crystallizes  from  hot  water  in  needles 
containing  2H,0  ;  it  melts  at  156°,  and  decomposes.     It  is  obtaine<l  from  quinaldine. 

/3-Quinoline  Carboxylic  Acid  is  also  produced  by  heating  AcriJic  Acid.  It  melts 
at  171**. 

y-Quinoline  Carboxylic  Acid,  Cincboninic  Acid,  was  first  produced  upon  oxidizing 
cinchonine  with  potassium  permanganate  or  nitric  acid.  It  contains  I  or  2ll,(.)  (B.  20, 
1609).  It  melts  at  254°.  It  readily  affords  quinoline  ;  potassium  permanganate  oxidizes 
it  to  a,/9,y-pyridine  tricarboxylic  acid. 

a- Alkyl  Cinchominic  Acids  result  from  the  condensation  of  aldehydes  with  pyroracemic 
acid  and  anilines  (B.  22,  K.  23 ;  A.  281,  i)  (p.  543). 

a-Methyl  Cincboninic  Acid,  Aniluvitonic  Acid,  CyIIj(CIl3)(COOII)N(  -f  H,0), 
is  obtained  by  the  condensation  of  pyroracemic  acid  with  anihne  (p.  84)  (B.  22,  1769). 
It  melts  at  240°,  and  breaks  down. 

a-Methyl-quinoline-/3-carboxylic  Acid  results  from  the  condensation  of  o-amido- 
benzaldehyde with  9C(^DtLce\\c  t^tx  (p.  543),  and  me\ls  al  %y^  ^nv^  ^<t5iom^\>^»^. 
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Acridic  Acid,  a^-Quinoline-dicartxnylic  Acid,  C^H|N(OOOH)^  is  prodottd 
when  acridine  is  oxidiled  with  potassiam  permanganate,  just  as  qninoline  yields 
a,.^pyridine  dicarboxylic  acid.  It  crystallizes  in  nMdles  with  2H,0,  or  plates  with 
lH,0,  and  decompcMes  at  120-150^ 

a,>-Quinoline-dicarboxylic  Acid  results  when  o-cinnamenyl-dnchoiiinic  add  b 
oxidized  with  potassium  permanganate  (B.  aa,  3009).  It  melts  at  246^  with  decom- 
position. 

Oxyquiooline  Carboxylic  Acids : 

a•Ozyquinoline-;^carboxylic  Acid,  C,H^(OH)(CCXDH)N,  results  in  the  condensa- 
tion of  o-amido  bcnzaldehyde  with  malonic  acid  (p.  543)  and  melts  above  320^. 

a-Oxyquinoline'> -carboxylic  Acid  is  formed  on  melting  dnchoninic  acid  with 
potash.  It  melts  at  310**  and  decomposes.  Both  acids  decompose  into  CO,  and  carbo- 
st>Til  on  heating  their  silver  salts. 

Kynurenic  Acid  is  a  y-oxyquinoline  carboxylic  acid.  It  occurs  in  the  orine  of  dogs 
after  the  ingestion  of  meat.  It  contains  lH,0  and  melts  at  257°.  Fusion  with  caustic 
jiotash  converts  it  into  CO,  and  k}'nurine. 

p-Oxyquinoline-) -carboxylic  Acid,  C,H5(OH)N(CO,H)(+  H,0),  Xantkoquinic 
an\/,  results  on  fusing  parasulphocinchoninic  acid  with  KOH.  It  melts  at  320^  with  de- 
composition. Its  methyl  phenol  ether  ^  Quinic  Acid,  C^H}(0 .  CH,)N(CO,H),  is  obtained 
by  oxidizing  quinine  and  quinidine  with  chromic  acid  in  sulphuric  acid  solution.  It 
melts  at  280^. 

X-Oxyquinaldine-/3carboxylic  Acid,  C;H4(CH,)0N(C00H),  melting  at  245<' 
with  ilecom}X)sition,  results  in  the  condensation  of  anthranihc  acid  with  acetoacetic  ester 
(H.  27,  1396). 

HYDROQUINOLINES. 

Dihydroquinolines  are  obtained  on  treating  alkyl  quinolinium  iodides  with  sodium 
hydroxide.  Thus,  the  iodmethylate  of  cinchoninic  acid  yields  n-methyl  dihydrocin- 
choninic  acid^  C^Il, :  [C3ll5(C()OH)N  .  CIIj],  along  with  n-methyl  quinolon-y -car- 
boxylic and  {\.  282,  3O5  ;  compare  B.  25,  3326).  These  sul)stances  are,  however, 
very  easily  altered. 

Mrthyl  iodide  and  trimethyl  indol  (p.  468)  yield  a  base  having  the  formula  of  a  tri- 
methyldihydroijuinoline^  V^\^\K\\\^^^  l)oiliiig  at  244°,  which,  however,  upon  the  dis- 
tillation of  its  iixlinothylate  a^ain  affords  trimethyl  indol,  and  by  oxidation  trimethyl 
indolinonc  (p.  471).  It  is  reduced  to  a  base  having  the  formula  of  a  trimethyltetra- 
hydroquinoline^  rj,lI^N(ClIj),,  which  is  also  convertible  into  a  dimethyl  quinoline,  but  in 
other  resi>ccts  exhibits  a  behavior  difl'erent  from  that  of  other  tetrahydroquinolines  (B.  29, 
2460). 

Ketodihvdtoquinolines  or  quinolons  are  the  n-alkyl  ethers  of  the  oxyquinolines 
(p.  54S).  ' 

7\'trahydroquinoUnes :  These  are  produced  when  the  quinolines  are  re- 
duced with  tin  and  hydrochloric  acid,  or  with  sodium  and  alcohol.  The 
l)yridine  nucleus  then  takes  up  four  hydrogen  atoms.  This  procedure 
changes  the  chemical  nature  of  the  quinolines  very  materially.  T/if 
trtrahydroquitwiines  behave  like  secondary  fatty-aromatic  amines.  Nitrous 
acid  converts  them  into  n-nitrosamines,  which  readily  rearrange  them- 
selves to  Bz.p-nitrosamincs.  With  the  salts  of  diazobenzene  they  yield 
diazoamido-compounds,  which  readily  pass  over  into  p-azophenyl  deriva- 
tives. This  alteration  in  the  chemical  character  of  quinoline  is  similar 
to  that  seen  in  the  indols  by  their  change  to  dihydrolndols  (p.  471). 
The  tetrahydroquinolines  are  to  be  regarded  as  ring-homologues  of  the 
dihydrolndols: 

•^•"♦XNII/^"  •  ^"'  ^'"'NnH  -iHCH. 
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;  the  basal  substances,  the  indols  and  the  quinolines,  behave  very 
KjiSerently.  The  tetrahydroquinolines  are  oxidized  to  quinolines  again 
kf  chromic  acid,  silver  acetate,  or  Hg(NOs)s  (6.  27,  824). 

Tcmhydioquinoline,  C^H||N,  boiling  at  244^,  is  liquid  at  the  ordinary  temperature. 
■I  li  formed  when  tin  and  hydrochloric  acid  act  upon  quinoline  and  a-  and  7-chlorquino- 
■hn;  also  by  the  action  of  sodium  and  alcohol  upon  carbostyril  (B.  23,  1 142).  Nitrous 
,  eooTerts  it  into  a  ni/roso-hodyf  which  is  easily  rearranged  to  ^niirosoietrahydro- 
€f  melting  at'134®  (B.  16,  732).  With  benzoyl  chloride  it  forms  n-benzoylUtra- 
'npHne^  meltfaig  at  75°;  with  methyl  iodide,  n- Methyl  tetrahydroquinoline, 
B,  CLH|pN.CH|,  boiling  at  245^,  which  is  said  to  have  the  same  action  as 
(a  febrifuge), '  the  hydrochloride  of  o-ozy-ninethyltetrahydroquinoline, 
C^Hf(OH)N .  CH„  melting  at  114^',  and  thatlin,  the  sulphate  of  p-methoxytetra- 
■qpdioqiiinoline,  C,H,(OCH,)NH,  melting  at  42°  and  boiling  at  283^,  and  possess- 
■■g  Ae  action  of  a  febrifuge. 

TctnJiydrotoluquinoline,  CH, .  C,H, :  [C,H.N],  boiling  at  257^,  is  produced  on 
**™*g  toliiidtne  with  trimethylene  chlorobromide  (B.  24,  2061 ;  25,  2805) : 

CH..  WH. + '^•cS— ^^"^  '^"•Cii!!:- 

Tlie  fM/rwsff-componiid  melts  at  51°  ;  the  benzene-diazo-YKAy  at  99^. 

yQVS    QW 

Tetrahydroquinaldine,  C^H^Q       '        1    *         ,  boiling  at  247®,  is  also  produced 

>NH  —  CH .  Cri* 

NO 
1b  the  redaction  of  o-nitrophenethylroethyl  ketone,  C^H4<^^*  ^u    roCH   (^'  '^* 

S90).  It  is  changed  to  benzoylamido-phenyl acrylic  acid  when  its  benzoyl  derivative  is 
OKidiaed.  It  has  an  asymmetric  C-atom,  and  by  means  of  its  bitartrate  it  is  resolved  into 
two  optically  active  components  (B.  27,  77).  The  (5-Iactams  of  o-amidophenyl  fatty 
acids — €,  ^.,  Hydrocarbostyril,  or  o-amido-phenylpropionic  acid  lactam,  are  keto- 
derivatives  of  tetrahydroquinoline.  llydrocarbostyril  has  been  obtained  by  the  Beck- 
maim  rearrangement  of  a-hydrindone  oxime  (p.  387),  as  well  as  from  its  acid,  /?-hy- 
dfocartxwtyril  carboxylic  acid,  C,HioNO(COOH),  melting  at  146^  with  decomposi- 
tion. Its  ester  results  in  the  reduction  of  nitrobenzyl  malonic  ester  (B.  29,  665).  See 
pp.  253,  255,  256,  for  oxyhydrocarbostyril.  Quinisatine,  or  o-amidobenzoyl  gly- 
oxylic  acid  lactam,  is  triketotetrahydroquinoline. 

Hexa-  and  DecahydroquinoHnes  :  When  quinoline  or  tetrahydroquinoline  is  heated  to 
high  temperatures  with  hydriodic  acid  and  phosphorus,  the  benzene  nucleus  also  takes 
op  hydrogen,  and  the  reaction- product  yields,  in  addition  to  a  little  hexahydroquinoline, 
C,H|jN,  boiling  at  226®  (B.  27,  1459),  and  other  products : 

Decahydroquinoline,  G^HigN,  melting  at  48°  and  boiling  at  204^.  It  is  a  very 
volatile,  strongly  alkaline  substance,  which  has  an  odor  astonishingly  like  that  of  conine. 
While  tetrahydroquinoline  resembles  the  mixed  fatty  aromatic  bases,  decahydroquinoline 
manifests  the  properties  of  a  secondary  amine  of  the  aliphatic  series.  //  is  the  piptri- 
ditu  of  the  quinoline  group  : 

CH,— CH,— CH,  CH,-CH,— CH— Cn,-CH, 

CIL— NH— CH,  CH,— CH,— CH— NH— CH, 

Piperidine  Decahydroquinoline. 

When  its  htntoyl-  and  wr^/^n^-derivatives  are  oxidized,  decahydroquinoline  sustains 
decompositions  similar  to  those  of  piperidine ;  the  products  are  benzoylnted  o-amido- 
kexakydro^unylpropionic  acid  and  the  methyl  urethane  of  o-amidohexahydrophenyl- 


-CH,  ^CH,-CII,.COOH 


• — >  r^->-C,H    ^ —     — C.H    ^  T     ->€  H    ^        

^    "'^!f(CO.C^H^.CH,     ^    "^NH(COC^H5)       *^    "^N(CO,CH,).CH,        *    "\nH(^CO^CHJ 
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Free  o-amidohexamethylenepropionic  acid  readilj  tMots  with  water  and  beconei 
CH-  — CH, 
Dccahydrocarbo8tyril,C,H„<^^__^^"(p.  300)  (B.  27>I458). 

Julole  and  lilole  compounds  are  derivatiyes  of  hydroquinolines.     They  are  probaUj 
derived  from  the  hypothetical  parent  substances : 


Lilole  Julole. 

Lilole  must  be  considered  as  a  combination  of  the  qninoline  nucleus  with  the  pyrrol 
nucleus,  or  of  the  pyridine  nucleus  with  the  indol  nucleus,  while  julole  is  a  combination 
of  the  quinoline  nucleus  with  the  pyridine  nucleus. 

Diketomethyl  Lilolidine,  CO— C,H,<^^>CH .  CH„  is  obtained  from  malonic 

CH, 60 

ester  and  dihydromethyl  ketol  (p.  470).     It  has  been  described  in  connection  with  the 
latter. 

/CFL— CH, 
Ketomethyl  Juloline,  (CIIj)C— (^11,^  1      ,  melting  at  130^  is  formed  from 


IIC- 


-60 


telrahydroquinoline  and  acetoacetic  ester  (B.  24,  845). 

Julolidine,  CIl, — CjH,^^       '      1     ',  melting  at  40®,  is  produced  on  boiling  tetra- 

CH,  — CH, 

hydroquinoline  with  one  molecule  of  trimethylene  chlorbromide,  or  aniline  with  two 
molecules   of  trimethylene   chlorbromide  (B.   25,  2801).     Both  julole  derivatives  are 

/CH,— CH, 
bases,  whereas  diketojulolidine,  CO — CjH,^  1      ,  obtamed   from  tetrahydro- 

CH,     60 

quinoline  and  malonic  ester,  has  only  acid  properties. 


III.    CONDENSED  QUINOLINBS. 

Condensations  similar  to  those  effected  through  aniline  in  the  quino- 
line syntheses  can  be  carried  out  with  the  higher  aroniatic  amines — e.  g., 
naphthylamine,  anthramine,  the  amidoquinolines,  the  phenylenediamines, 
etc.  All  these  amines  yield  with  glycerol  (Skraup),  or  with  aldehydes, 
etc.  (Dohncr-Miller,  p.  543),  higher  condensed  ba^,  containing  the 
quinoline  nucleus. 

In  these  reactions  the  pyridine  ring,  as  a  rule,  then  attaches  itself  only  to  two  such 
members  of  the  benzene  nucleus,  which,  according  to  the  requirements  of  the  Kekuld 
fonnula,  are  doubly  linked  (H.  26,  R.  402  ;  27,  R.  631).  This  would  argue  against  the 
various  centric  and  diagonal  formulas  which  have  been  soggested  for  the  deriTatiTes  of 
benzene  and  of  pyridine. 


NAPHTHOQUINOLINE. 
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A.  a-  and  j9-Naphthoquinolines  are  obtained  from  both  naphthyl- 
amines: 


B.  Anthraquinolines  are  formed  from  amidoanthracenes : 


C.  m-  and  p-Phenylenediamines  yield  phtnanthrclines  (I)  and  pseudo- 
pkenanthroUnes  (II) ;  a  third  isomeric  phenanthroline  (III)  is  obtained 
from  o-amidoquinoline.  For  practical  purposes  these  three  isomerides 
may  be  distinguished  as  o-,  m-,  and  p-phenanthrolines : 


I. 


U. 


D.  Quinoquinolines  are  obtained  from  the  /^-amidoquinolines : 


In  their  chemical  behavior  all  of  these  bases  resemble  the  quinolines. 

A.  a-Naphthoquinoline,  Ci,H,N,  melts  at  52*^  and  boils  at  251®.  /?-Naphtho- 
quinoline  melts  at  93°.  The  latter  is  obtained  from  the  /3-naphthylamines  substituted  in 
the  a-position  by  bromine  or  NO,,  through  the  spiitting-ofT  of  the  substituents.  Potassium 
pennangaoate  converts  the  naphthoquinolines  into  two  pbenylpyridine  dicarboxylic  acids 

iP*  53')*    1^^  hydrides  of  the  naphthoquinolines  are  noteworthy.     In  using  tin  and 
lydrochloric  acid  the  p3rridine  nucleus,  as  in  the  case  of  quinoline,  is  hydrogenized : 

CH-  — CH, 
Tetrahydro-(a)-nmphthoquinoline,  CioH,<  j      ,  mehing  at  46®,  and  the 

P-My,  meUiDgat  63®,  behave  like  aikyiic  a-  and  ft-nafhthylamines.    Sodium  and  boil- 
ing amyl  alcohol  produce  ar-Octohydro-(a)-naphthoquinoline, 

in  —  Ch!^^"*'^NH   —  iH    "*'^°S  ^t  48**  and  boiling  at  2160  (37  mm.),  and 
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the  ^  compound^  melting  at  60^  and  bculing  at  325®  (717  mm.).  In  these  bodies  not 
only  the  pyridine  nucleus,  but  also  the  outer  benzene  nucleus,  has  taken  up  hydrogen 
atoms,  .which  accounts  for  their  aromatic  bentent  amine — alkylic  aniline — ckararUr, 
From  /3-naphthoquinoline  there  is  simultaneously  formed  an  isomeric  ac-OGtoh]rdio-(j3)- 

CH,  — CH,  — CH  — CH,  — CH,        ,. 
naphthoquinoline,  1  ("-h      kh       f^-H  *  ""^^^8  «*  91®  "d  boihng  at 

321®,  in  which  the  middle  benzene  nucleus  is  hydrogenized.  It  therefore  cocresponds  to 
decahydroquinoline  and  possesses  the  properties  of  a  piperidine. 

B.  Anthrmquinoline,  C,fH„N,  melts  at  170^  and  boils  at  446®.  Its  solutions  ex- 
hibit an  intense  blue  fluorescence.  Chromic  add  oxidizes  it  to  Anthraquinone  quino- 
line,  corresponding  to  anthraquinone.     Its  dioxy-compound  is 

Alizarin  Blue,  Diozyanthraquinone  quinoline, 
CO  CH  =  CH 

C,H4<      >C6(0H),<       __  J,„  .  melting  at  2700.     It  consists  of  metallic,  bluish- 

violet-colored  needles.  It  is  produced  when  m-nitro-alizarin  or  amido-alizarin  is  heated 
with  glycerol  and  sulphuric  acid  (B.  18,  445 ;  ag,  708).  It  unites  with  acids  and  bases 
to  form  salts.  It  occurs  in  trade  in  the  form  of  a  bluish-Tiolet  paste,  and,  like  alizarin,  is 
applied  in  dyeing.  Since  reducing  agents  decolorize  it  (zinc-dust,  grape  sugar)  and  it 
again  .se[>arates  on  exposure  to  the  air,  it  is  adapted  to  the  vat-dyeing. 

By  the  action  of  sulphuric  acid  more  hydroxy!  groups  are  introduced  into  alizarin-blue. 
The  products  are  alizarin- blue  green,  alitarin-green,  aHtarin-indigo-blue,  These  are 
mixtures  of  sulpho-acids  of  tri-,  tetra-,  and  penta-oxyanthraquinone  quinolines  (B.  26, 
R.  7"). 

C.  (m)-Phenanthroline,  C„H8N,(-f  2H,0),  melting  at  (65®)  78®,  is  obtained  from 
meta-diamidobenzene  or  2-amidoquinoline  (B.  16,  2519;  23,  1016).  p-Phenanthro- 
line,  Pseudophenanthroline,  is  derived  from  p-diamidobenzene  or  amidoazobenzene 
with  (glycerol  and  sulphuric  acid.  It  melts  at  173°.  Potassium  permanganate  oxidizes 
the  ])henanthrolines  to  a,/?-  and  /3,/3-dipyridyI  dicarboxylic  acids  (B.  24,  2623). 

a  Methyl-o-phenanthroline,  C„H,(CHj)N,(-f-2H,0),  melting  at  (53®)  76®,  is  pre- 
pared from  i-amidoquina1dine  (B.  22,  253). 

I ).  a-Methyl-y-quinoquinoline,  C^Hf  (CH,)N,,  melting  at  206**  and  boiling  at  360^, 
is  prepared  from  ^^-amidoquinaldine,  glycerol,  sulphuric  acid,  and  nitrobenzene  (B.  27, 
K.  632). 

IV.  ISOQUINOLINE  GROUP. 

While  quinoline  or  benzopyridine  results  from  pyridine  by  the  attach- 
ment of  the  benzene  nucleus  to  its  carbon  atoms  occupying  the  a,/3- 
posi lions,  the  formula  of  the  isomeric  isoquinoline  or  isobenzopyridine 
is  produced  by  the  benzene  nucleus  joining  itself  to  the  /9,^-C-atoms  of 
pyridine.  Its  nitrogen  member  is  therefore  separated  from  the  benzene 
nucleus  by  a  methine  group : 

CO     CO 

Quinoline  Isoqoinolinc. 

This  constitution  seems  evident  from  the  oxidation  of  isoquinoline  to 
/'i/'-pyridine  dicarboxylic  acid,  as  well  as  from  the  methods  by  which  it 
is  obtained  synthetically. 

Quinoline  is  similar  to  isoquinoline  in  its  deportment.  It  is  found 
with  it  in  coal-tar  (Hoogcwerff  and  van  Dorpp,  1885).  It  is  the  mother 
substance  of  a  class  of  imjjortant  alkaloids  belonging  to  the  opium  bases 
— C'  g'i papaverine^  narcotine^  hydrastine^  etc,  (p.  578). 
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Syntheses  of  Isoquinoline  Derivatives : 

1.  Isoquinolines  are  produced  by  ring- formation  from  benzene  com- 
pounds of  the  constitution  QHj  —  C  —  N  —  C  —  COor  CeHj  —  C  — 
C  —  N  —  CO.  For  example,  isoquinolines  are  formed  on  digesting  ben- 
zylidene  amidoacetal  or  benzylamidoacetaldehyde  with  sulphuric  acid 
(B.  27,  R.  628 ;  28,  764) : 


(RO),CH— CH, 


/CH  =  CH 


CjH^H  =  N 
Benzylidcne  Amidoacetal  Isoquinoline. 

a-Metkyldihydroquinolint  (B.  26, 1904)  is  obtained  from  acetphcncthylamide,  CJt\^,  - 
CH, .  CH-  .  NHCCHJH,.  TrichlorisoquinoliHe  is  produced  by  the  action  of  IXJI^  upon 
kipfuramUe,  C,H. .  CO  .  NH  .  CH, .  CONH,.  just  as  malonanilic  acid,  C^H^NH  .  CO  .  - 
Cli,.CCX)H,  under  like  treatment  yields  trichlorquinoline  (p.  547).  The  formation 
of  Uoquinoline  from  cinnam-aldoxime  and  from  benzylidcne- acetoxime  u{X)n  heating 
them  with  P,0^  is  remarkable  (B.  27,  2795  ;  28,  818).  It  will  be  necessary  to  assume 
here  an  atomic  rearrangement  similar  to  that  in  the  Beckmann  transposition : 

CJdJZn : CH .  CH :  N .  0H->  [C,Hj .  CH  :  CH .  NH  .  COH]— >C,H  /         ^   1 
Cinnam-aldozime  Isoquinoline. 

2.  The  linking  oxygen  atom  in  the  lactones  of  the  formula 
CR  =  CRj 
<iH4<^Q  _  J    ,  so-called  isocoumarins,  can  readily  be  exchanged  for  the 

NH-group  by  means  of  cold  aqueous  ammonia.  The  products  are  iso- 
quinolines or  isocarbostyrils,  which  by  successive  treatment  with  PCljand 
HI  and  phosphorus,  or  with  zinc-dust,  are  converted  into  isoquinolines. 
Homophthalides  and  homologous  homophthalides,  under  similar  treat- 
ment, are  also  changed  to  isoquinolines  (B.  21,  2299;  25,  1138,  1493, 

3563 ;  36»  1842) : 

/CH,.CO    ^    ^   ,  /CH  =  CC1  /CH  =  CH    Zn  /CH  =  CH 

Homopbthalimide       «,/8-Dichlorisoquinoline  Isoquinoline  Isocarbostyril. 

Isoquinoline,  C,HtN,  melting  at  23°  and  boiling  at  240.5**,  is  very 
similar  to  quinoline.  It  occurs,  together  with  ordinary  quinoline,  in  the 
crude  quinoline  from  coal-tar.  It  is  separated  from  the  accom|:)anying 
compounds  by  the  crystallization  of  the  sulphates  (B.  18,  R.  384).  In 
addition  to  the  methods  given  above  it  is  also  produced  by  distilling 
benzylidine  ethylamine,  CeHj .  CH :  N .  CH, .  CH3,  through  tul>es  heated 
to  redness  (B.  25,  734).  Potassium  permanganate  oxidizes  it  to  phthalic 
acid  (destroying  the  pyridine  nucleus)  and  /5,^-pyridine  dicarboxylic 
acid  (by  destroying  the  benzene  nucleus). 

Alkylic  phthalic  acid  imidesare  produced  from  the  halogen  alkyl  addition  products  of 
isoqniDoHne  (B.  ax,  R.  786). 

Its  iodmetkylaie^  C^HyN .  ICH„  melting  at  159®,  is  changed, like  the  quinolinium  and 
pyiidiohim  iodides  (p.  53^)*  l>y  potassium  ferricyanide  and  sodium  iiydroxidc  into 
o-methyl  isoqninolon  (B.  26,  R.  270).  Nitric  acid  changes  isoquinoline  into  a  Hz- 
nitioisoquiiioline,  melting  at  iio^  (B.  29,  R.  792).  2,3-Methylene  Diozyiaoquin- 
oUiM,  (CH|0,)C^H,(C,H,N),  melting  at  124^,  is  obUm^  ixom  v\v^iQti<q\  ^^^NiS?^^\v^^^ 
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and  upon  redaction  yields  tetnhydro-2,3-methjleiicdkii7isoqiuooliiie  cr  hydrafajdm- 
tinine(p.  578;  A.  286,  I). 

liz'i-  and  3- Methyl  Isoquinolines,  boiling  at  258°  and  melting  at  83^,  and  boiliiig 
at  264*',  are  prepared  from  o-  and  p-methylbenxylidene  amidoaceul  (C.  1897, 1,  865). 

a-Methyl  Isoquinoline,  C,IIs(CiI,)N,  boiling  at  248*'  (iU  stt/pka/eat  247^),resalU 
from  the  action  of  sulphuric  acid  upon  acetophenone  amidoacetal  (B.  27,  R.  628).  It  is 
probably  identical  with  the  methyl  isoquinoline  isolated  from  papaver^ine  (B.  23,  R. 
653).  /^Methyl  Isoquinoline,  melting  at  68°  and  boiling  at  246°,  is  prodnced  when 
methyl  isocarbustyril  is  distilled  with  zinc-dust,  y- Methyl  Isoquinoline,  boiling  at 
256*^,  is  fonued  when  dimethylhomophthalimide  is  distilled  with  zinc-dust  (B.  21,  2300). 
;i  Ethyl  Isoquinoline,  C,(C,1]^)H«N,  boiling  at  256°,  and  /3-Phenyl  Isoquinoline, 
C',i(C*^H5)II^N,  melting  at  104°,  are  obtained  from  ethyl-  and  phenyl-isocarbostyril 
(!<•  25*  3573:  27*  2237).  a-Phenyl  Isoquinoline,  melting  at  88^,  is  derived  from 
benzophenonc  imido-acetal.  (CcH^jjC  :  NCH,CH(OC,Hb),  (C.  1897,  I,  865). 

A  beautiful  red  dye — Quinoline  Red — is  produced  by  condensing  benzotrichloride 
with  quinaldine  and  isoquinoline  when  they  are  heated  with  zinc  chloride.  This  com- 
I>oun<l  has  a  constitution  analogous  to  that  of  malachite  green  (B.  ao,  4). 

In  addition  to  its  coloring  properties,  it  possesses  the  remaAaMe  power  of  renderii^ 
photographic  plates  orthochromatic. 

IsiMiuinolines,  with  halogens  in  the  pyridine  nucleus,  result  when  PCl^  acts  npon 
the  is(>carlx)styrils  (below)  and  homophthalimides  (p.  244).  Chlorine  atoms  in  the 
a  i>osition  have  the  same  reactivity  as  the  chlorine  atoms  in  the  a-  or  y-position  of  quino- 
line (p.  547). 

^?-Chlorquinoline,  C^HXIN,  melting  at  48°  and  boiling  at  281°,  is  produced  by  the 
partial  re<luction  of  a,/i-dicnlorisoquinoline,  C^II^Cl^N,  melting  at  122°  and  boiling  at 
306°,  which  is  produced  on  treating  homophthaliniide  with  POCl,  (B.  19,  2355). 

a  Chlor/^methyl  and  a-Chlor-/?-phenyl  Isoquinolines,  melting  at  36°  and  77°, 
are  obtained  from  the  corresixmding  isocarbostyrils.     The  latter  combines  with  aniline  to 

a-Anilido•.^phenyl  Isoquinoline,  Cgll^'NHC^IMN,  melts  at  126°  (B.  25,  2709). 

Oxyisoifuhio/inrs,  isiharbostyriisy  are  metameric  with  the  carbostyrils  (below).  They 
result  from  (lie  action  of  ammonia  u])on  isocoumarins  (p.  55*5).  Another  universal  method 
of  producing  the  i'^ocarlMjstyrils  consists  in  rearranging  the  reaction  products  of  acid  an- 
hydrides and  o-cyaubenzyl  cyanide  (p.  286)  with  alkalies: 

^.       /C.I,(CNUc^.„^^  /C(CN)=C.CiI.      _^  /C(CN)=C.CH, 

*\CN  *    *\CN  O.COCH,  •    *\CO NH 

o-(*v;uihfnzyl  «^-l)iacctyI-o-cyanbeiizyl  Cyanide  Y-Cyan-^-Inelhyl 

Cyanide  Isocarbostyril. 

Tlie  alky]  cyanisocarhostyrils  produced  in  this  way  are  readily  decomposed  by  con- 
centrated sulpliuric  acid.  The  cyanogen  group  is  eliminated  and  /?-alkylic  isocarbostyrils 
result  (ii.  27,  827,  2232  ;  29,  2543). 

IsocarUjsiyrils,  like  the  carbostyrils,  yield  ethers  of  the  hydroxy]  and  keto-forms. 
The  latter  are  obtained  from  isocarbostyrils  and  alkyl  iodides,  while  the  former  are 
mostly  made  through  tlie  interaction  of  a-chloriso(]uinolines  and  sodium  alcoholates. 

Isocarbostyril,  a-Isoquinoline,  C^H,ON  (p.  286),  results  from  isocoumarin  and 
ammonia,  and  from  isocarbostyril  carboxylic  acid,  CjH-ON.COOH,  a  reaclion- 
protluct  of  ammonia  and  isocoumarin  carlx)xylic  acid,  by  the  elimination  of  CO.. 

yCH -CH 

a  Methoxyisoqumolme,  CgH^/      n  -ir  \         '    *  ^>'>Dg  ■^  240P,  is  produced  by 

the  interaction  of  the  silver  salt  of  isocarbostyril  and  methyl  iodide.     The  isomeric 

/CII  ^  CH 
n  Methyl  a-isoquinoline,  CJI^/^       ^  ^  ,  melting  at  54**  (40O:  B.  26,  R.  270; 

27,  205),  is  obtained  from  isocarI>ostyril,  methyl  iodide,  and  alkalies  (B.  26,  R.  236),  or 
by  the  action  of  alkaline  potassium  ferricyanide  upon  methyl  isoquinolinium  iodide 
(p.  555) ;  other  n-alkyl  isoquinolons  are  produced  by  the  action  of  primary  amines  upon 
isocoumarin  (W.  27,  198),  or  its  carlx)xylic  acid.  ^-Methyl  Isocmrb0Bt3rril,  C^fCHj^H^- 
ON,  melts  at  211°  ;  /j -ethyl  isocaibo^Xyiil  m^lU  &t  \\\^  \  ^-isopropyl  isoearbostynl 
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I  It  921®  (B.  39, 2393J.     j3- Phenyl  Isocmrbostyril,  Uohental  phthalimidine^  melt- 
at  197^1  also  results  nrom  the  action  of  ammonia  upon  isobenzalphthalide  (B.  18, 

S448 ;  *lt  ^37)- 

A  bs.2,3,4.Triozr7-niethyl  Isocarbostyiil,  q,H(OH),:  [C,H,(CII,)ON],  is  de- 
rived firom  the  cotresponding  isocoomarin  deriTative,  which  is  produced  when  concen- 
taledsolpharic acid acU upon galUcetol,  C0H,(OH), .  CO  .  O .  CH, .  COCH,  (B.  26, 419). 

Hydroisoquinoltnes. — l.  DihydroUoquinolines  :  a-Methyl  Dihydroisoquinoline, 
'  C^H.(CH,)N,  boiling  at  237-24i<»,  and  a-Phenyldihydroisoquinoline,  C,H8(C.H5m, 
■dting  at  195®,  result  when  P.O.  or  ZnG,  acts  upon  phenyl  ethyl  acetamide  and  phen- 
«qn1  benaamide,  C.H5CH, .  CM, .  NHCO .  C^H^. 

The  n-alkyl  derivatives  of  the  isocarbostyrils  are  ketodihydroTsoquinolines. 

3.  Teirahydrotsoquinolines  :  They  are  produced  when  isoquinoline  is  reduced  with  tin 
wmA  hydrochloric  acid,  or,  better,  with  sodium  and  alcohol.  The  pyridine  nucleus  is 
kydragenixed.  Tetrahydrolsoquinoline  shows  the  properties  of  the  alkylic  benzylamines, 
iriiile  tetrahydroquinoline  manifests  those  of  an  alkylic  aniline : 

^"*\NH-(bl,  ^•"♦\CH,-:!lH 

Tetrahydroqninoline  Tetrahydrolsoquinoline. 

Tetnhydso3teoqiiiiioline,  C^^N,  boiling  at  233^',  is  a  powerful  base,  which 
•fantha  carbon  dioxide  from  the  air  and  reduces  warm  ammoniacal  silver  solutions.  Its 
mfrttw-oompoond  melts  at  33®.  The  iodmethylate  of  n-methyl  tetrahydrolsoquino- 
line, C^H,0N(CH,),I,  melting  at  189®,  is  obtained  from  methyl  iodide  and  tetrahydro- 
iMqainoline.  n-Benzoyl  Tetrahydrc^soquinoline,  boiling  at  245®  to  250°  (50  mm.), 
b  coDTeited  by  KMnO^  into  d^-benzoylamidoethyl-o-benzoic  acid, 
yCH, CH, 

^"*\cooH     kncoc  H  ^P*  ^^^^•.  '^^  '*"^''  ""^"^  P"^  "^'^  ^""^^^  "^^^  ^' 

comes  the  benzoyl  derivative  of— 

CH,  —  CH- 
Hydroisocarbostyril,  Ketotetrahydrolsoquinolinet  Q^^<C^  1      ,  melting  at 

71®  (B.  a6, 1220). 

CH,  — CO 
The  homophthalimides — t.  ^.,  C^H4<  1       (p.  244)  —  are  diketoMrahydroho- 

CO  — Nil 
pnnoKnes, 

The  alkaloids  berberitu,  hydrastine^  narcotine  (p.  577),  are  derivatives  of  tetrahydro- 
lsoquinoline. 

V.  PHENANTHRIDINB. 

It  can  be  considered  both  as  a  benzo-derivative  of  qiiinoline  and  of 
isoquinoline.  It  results  also  from  phenanthrene  by  replacing  one  of  the 
intermediate  — CH  =  groups  by  nitrogen : 


(M) 


It  is  isomeric  with  the  naphthoquinolines  (p.  553). 

Phenanthridines  are  produced  upon  heating  the  acidyl  derivatives  of  o-amidodiphenyl 
(B.  19, 1182): 

CH.  OCH  c,i?,— cii    c,,n,  occii,  ('eH^— ecu, 

t^^ NH  C^H^— N        CJ!^ — Nil  cjLl^— ^ 
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Phenanthridine,  C|,H^,  melting  at  104^  and  boiling  ibore  360P,  resolts  in  the 
pyrogcnic  way  from  benzylidene  aniline  : 


and  when  phenanthridone  is  distilled  with  zinc-dnst.  Bleaching  lime  and  cobalt  re- 
oxidize  it  to  phenanthridone  (U.  26,  1964),  while  tin  and  hydrochloric  acid  reduce 

it  to  dihydrophenanthridine,  C.H^CH,  —  NHi!:^!!^,  melting  at  90^  (A.  a66,  142). 

ms- Methyl-,  ethyl-,  and  phenyl-phenanthridine  melt  at  85®,  55*^,  and  109° 
(B.  29,  1 184).  

Phenanthridone,  C^H^CO .  NHC^H^,  melting  at  293^,  is  produced  on  treating 
di])hen.imic  acid  with  bromine  and  caustic  potash : 

c.n4\ 7^"4 >-  P.H,^^ ^H, >^  (;h,^ ^c,H, 

CONH,    COOH  NH,   COOH  NH-CO 

as  well  as  by  the  rearrangement  of  o-amidophenylene  ketone  (p.  418),  on  fusion  with 
caustic  potash  ;  by  transposition  of  diphenylene  ketone  oxime  with  zinc  chloride,  and, 
finally,  from  o-diphenyl  urethnne,  C, H^CgH^NHCO^CiH^,  on  digesting  it  with  zinc  cblonde 
( i!.  26,  K.  7 12  ;  28,  K.  455 ;  29,  230,1188).    Phenanthridone  and  phosphorus  pentachloride 

yield  chlorphenanthridine^  CjH^CCl  =  NC^H^,  melting  at  I16®.  n- Methyl  Phenan- 
thridone, CijII^ONCHj,  melting  at  108^,  is  formed  in  the  action  of  alkaline  potassium 
ftrricyjinide  ujwn  methyl phenanthridinium  iodide^  CjjHjN .  ICH,  (B.  a6,  I962  ;  comixire 
pyriilinium  and  quinolinium  compounds,  pp.  530,  544)« 


VI.  NAPHTHYRIDINE,  NAPHTHINOLINB. 

I  lit'  union  of  two  pyridine  nuclei  or  of  two  quinoline  nuclei  in  the  manner  of  naph- 
tlialene  yivtrs  rise  to  the  hypothetical  parent  substances: 


Nnuhthyridine  and  Naphthinoline 


N         N  N         N 


'I'hus  far  only  hydrides  of  these  Ixxlies  have  been  prepared. 

Octohydronaphthyridine,  C«H,^N,  (forms  a  platinum  salt)^  melts  at  227®,  and  is 
prepared  from  7,) -diamidodiprojiyl  acetic  acid  (B.  26,  2137)  : 

(:ii,-cii,-cn,-cH-cii,-cii,-cn,        ch,-ch,-ch,-ch-ch,-ch,-ch, 

Nil,  ():COH  Nil,  N  C iJtH- 

Tetrahydronaphthinoline,  C,jII,^Nj,  melting  at  212®,  is  formed  by  the  reduction  of 

,.  .     ,         ,       .       .,  CglL-CH,— CH— CIL—q-H. 
Oj-dinitrobcnzylacetic  acid,  |  1  I         (P*  379)»  ">  ^  manner  similar 

NO,  OCOH  NO, 

to  that  of  the  naphthyridine  body.  Mercury  acetate  oxidizes  it  very  easily  to  dihydro- 
fuiphthinoliney  ^6^^ii^2*  nicltinjr  at  201°,  the  salts  of  which  show  an  intense  green 
\\\ioxtsct.TiQt.     It  is  reduced  \)y  sod\ut\\  ^vmoA^oim  \tv  glacial  acetic  acid  solution  to  kexa- 
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VII.  ACRIDINB  GROUP. 

Acridine  represents  an  anthracene,  one  of  the  intermediate  CH-groups 
of  which  is  replaced  by  nitrogen : 

8  ms  4 

7CHi^    \c/      \c/      ^CIl3 

5  I 

Its  relations  to  quinoline  and  pyridine  follow  from  its  oxidation  to 
quinoline  dicarboxylic  acid  and  pyridine  tetracarboxylic  acids  (pp.  549, 

538). 

Acridine  occurs  in  the  crude  anthracene  of  coal-tar.  Different  of  its 
derivatives  are  important  technically  as  dyes.  Acridines  may  be  synthe- 
sized : 

1.  From  diphenylamine  and  acids,  or  from  the  acidyl  derivatives  of 
diphenylamine,  if  they  be  heated  together  with  zinc  chloride.  This  is 
analogous  to  the  formation  of  the  phenanthridines  from  acidyl-o-amido- 
diphenylenes  (p.  557)  (Bemthsen,  A.  224,  i)  : 

Formyl  Diphenylamine  Acridine. 

This  reaction  is  a  certain  proof  of  the  para-union  in  acridine. 

Homologous  acridines  are  similarly  obtained  from  diphenylamine  and  the  higher  fatty 
acids.  In  them  the  hydrogen  of  the  CH -group  is  replaced  by  alkyls.  They  are  called 
meso-deriTatives  (B.  x8,  690;  25,  R.  940).  The  substituted  diphenylamines  (B.  24, 
2039),  ditolylamine,  phenylnaphthylamine,  etc.,  react  just  like  diphenylamine. 

2.  Various  acridine  compounds  have  been  prepared  from  the  o-amido-derivatives  of 
di-  and  tri-phenylmethane  (B.  26,  3085) : 

^"<nh;^"' 5.c.h./J">c;h, 

o-Amidodiphenyl  Methane  Acridine. 

3.  Acridones  are  prepared  from  the  alphylanlhranilic  acids  (B.  26,  R.  712;  27,  R. 
642),  just  as  anthraquinone  is  obtained  from  benzoyl  benzoic  acid  : 

Phenylanthranilic  Acid  Acridone, 

or  by  the  action  of  phenols  (naphthols,  etc.)  upon  acetanthranilic  acid  (B.  25, 1983, 2740). 

The  acridines  are  very  stable  compounds.  They  are  more  feeble  bases 
than  the  pyridines  and  quinolines.  They  combine  with  alkyl  iodides  to 
alkyl  acridinium  iodides,  which  are  converted  by  alkaline  potassium  ferri- 
cyanide  (similar  to  the  pyridinium  and  quinolinium  iodides)  into  n-alkyl 
acridones.  When  the  acridines  are  reduced  IheY  become  d\JK^^\<^^^.v 
dwes,  which  readily  revert  to  the  acridines. 
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Acridine,  C^HgN,  melts  at  1 10**.  It  sublimes  at  100®.  Its  solutions 
have  a  blue  fluorescence.  It  is  isomeric  with  phenanthridine  and  the 
Daphthoquinolines.  In  addition  to  the  general  reactions  it  is  also  pro- 
duced when  diphenylamine  is  heated  with  chloroform  and  zinc  chloride 
to  200^  (B.  17,  loi),  and  in  the  distillation  of  acridone  with  zinc-dust 
(B.  26,  R.  714).  Potassium  permanganate  oxidizes  it  to  acridic  add, 
or  quinoline-a,/5-dicarboxylic  acid,  from  which  it  was  concluded  that 
quinoline  and  pyridine  had  the  diagonal  formula  (pp.  526,  541)  (Riedel, 
B.  16,  1612). 

In  the  oxidation  of  the  acridinium  compounds  the  heterocyclic  nucleus  is  ruptured  and 
phenylamidobenzoic  acid.  C^Iis-  NH  .  C^H^.  COOH,  is  produced. 

ms-Methyl  Acridine,  C,3Hg(CH,)N,  melting  at  114**,  is  obtained  from  acetyldipbenyl- 
amine.  Like  quinaldine  (p.  546)  and  picoline  (p.  531)  it  combines  with  chloral  to 
C,jHgNCH,CH(OH)CCIj.  This  is  converted  by  alkalies  into  msacridyi-acrylu  add, 
Cj,i{gNCH  :  CIl .  COOH,  which  potassium  permanganate  oxidizes  to  acridyl  aUehyde, 
CijllgNCHO,  and  the  latter  to  msacrufy/  carboxylic  add,  CjjHgNCOOH  (B.  20, 
1541). 

ms- Phenyl  Acridine,  C|,Hg(C5H5)N,  results  upon  heating  diphenylamine  and  ben- 
zoic acid.      It  crystallizes  from  benzene,  with  one  molecule  of  benzene.    It  melts  at  181°. 

Chrysaniline,  ms-p-Aixiidophenyl-2-aixiidoacridine, 

NH,<::,Hj\^  I  ^  •    *       '^/CjII^,  melting  at  268®,  is  the  chief  constituent  of  the  bean 

tiful  yellow  dye,  phosphin,  which  is  obtained  as  a  by-product  in  the  rosaniline  manufac- 
ture. It  forms  red-colored  salts;  these  dye  silk  and  wool  a  beautiful  yellow.  Their 
solutions  exhibit  a  beautiful  yellow-green  fluorescence. 

The  formation  of  chrysaniline  from  pararosaniline  proceeds,  evidently,  according  to 
the  diagram  of  method  2  for  the  acridines. 

CH 
Dihydroacridine,  CjII^^j^..  w*>Cjn^,  is  formed  when  acridine  is  reduced  with  zinc 

dust  and  hydrochloric  acid.     It  no  longer  manifests  basic  properties,  and  melts  at  168**. 

It  reduces  amnioniacal  silver  nitrate  witli  the  reformation  of  acridine. 

CO 
Acridone,  ketotiihyJroacriJine,  CglI^<j^j,>CjH^,  meltingat354°,  can  be  distilled. 

It  is  formed  when  sulphuric  acid  at  Ioo°  acts  upon  phenyl  anthranilic  acid,  and  by  the 
dry  distillation  of  the  anilide  of  salicylic  acid,  when  it  may  be  assumed  that  the  latter 
first  rearranges  itself  to  phenyl  anthranilic  acid.     The  salicyl  toluides  also  yield  melhyl- 

CCl 
ated  acridoncs  (R.  29,  1 189).     PCI5  converts  it  into  chloracridine^  Q,^^<[  \       ^C^H^, 

melting  at  119°.     With  methyl  iodide  and  caustic  potash  it  forms  n-Methyl  Acridone, 

/CO  -  -\ 
^•^'^X-Mz-rifN   /^«^^4'  melting  at  203°,  which  is  also  produced  when  caustic  potash 

and  j)otassiura  ferricyanidc  act  upon  methyl  acridinium  iodide.  Acridine  is  formed  when 
acridone  is  heated  with  zinc-dust.  Sodium  and  alcohol  convert  it  into  dihydroacridine. 
The  following  are  obtained  in  the  same  way  as  acridone : 

/C0\ 
4-Mcthyl  Acridone,  CHj.CjH,.  ^jsj^J ^^4*  nicUing  at  346O; 
2  Methyl  Acridone,  melting  at  338°; 
2,4-Dimethyl  Acridone,  melting  at  297**  (B.  27,  R.  642)  ; 

CO 
Phenonaphthacridone,  CjH^<jJTj>CioH,;  and 

Dinaphthacridone,  ^^^y^t<^^\\>^\^t  (B-  ^5,  2744). 
Peculiar  acridine  derivatives  have  been  oUained  by  the  condensation  of  acidyl  car- 
bazoits  (B.  24,  R.  829 ;  25,  K.  ii^V- 


ALKALOIDS. 


S6i 


Benzoyl  CartMuole 


ms-Phenylcarbazacridine,  m.  p.  i86°. 


CH  CH 

^Qniomeridine,  C^H4<  i    >CgH,<  i    >C,H^,  melting  at  213**,  is  a  componnd 

was  obtained  in  the  zinc -distillation  of  an  oxygen-containing  body — oxyquinmc- 
The  latter  results  upon  heating  phloroglucin  with  anthranilic  acid : 


^H4<NH       +  ^«^A  ■ 


-^  C.H,<^^>C.H(OII)<^^>C.H,. 


It  does  not  fuse.  It  begins  to  decompose  above  400^.  It  is  insoluble  in  almost  all 
loHcBts.  Sodium  amalgam  reduces  quinacridine  to  tetrahydroquinacridine,  melting 
m  2729  {B.  29,7^)' 


VIII.  ANTHRAPYRIDINES. 
The  a-  and  /3-anthrapyridines  are  isomeric  with  acridine : 


OK) 


a-Anthrap3rridine,  C„H,N,  melting  at  275*',  results  from  the  reduction  of  a-anthra- 

pyridine  quinone,  C^H4<pQ>C5HjN,  melting  at  280®,  which  is  made  by  condensing 

j9-benzoyl  picolinic  acid  with  sulphuric  acid.  /^-Anthrapjrridine,  melting  at  166^,  is 
similarly  formed  from  /3-anthrapyridine  quinone,  the  condensation  product  of  y-ben- 
aoyl  oiooCinic  acid  (B.  a8,  1658). 


ALKALOIDS.* 

Formerly,  all  nitrogen-containing  bodies  occurring  in  plants,  and  pos- 
sessing basic,  alkaline  character,  or  derivatives  of  the  same,  from  which 
bases  could  be  isolated,  were  designated  as  alkaloids. 

Many  of  them  (betaine,  asparagine,  thelne;  i,  310,  490,  515)  have,  in 
accord  with  their  constitution,  been  already  discussed  with  the  various 
amido-derivatives;  the  most  of  those  remaining  which  have  been  studied 
recently  show  themselves  to  be  derivatives  of  pyridine,  quinoline,  and 
isoquinoline,  or  of  their  corresponding  hydro-derivatives.  Several  have 
been  prepared  artificially  (^piperiney  canine,  trigonelline,  and  arekdidine) ; 
in  the  case  of  others,  synthesis  has  had  the  way  made  plain  by  analysis, 
or  it  has  been  attained,  as  in  the  case  of  hydrastine,  for  the  basic  decom- 
position product  of  the  alkaloid.  Like  the  benzene  derivatives,  they 
have  much  in  common  in  their  whole  deportment.     They  are  the  chief 

*GoiisdU  "La  Constitution  chimique  des  Alcaloldes  y^g^taux,**  par  Ami  Pictet. 
IWis,  G.  Masson,  1S97  (II.  ed.). 
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constituents  of  the  active  principles  of  the  vegetable  drugs  employed  as 
medicines  or  poisons. 

Because  of  their  great  number  and  their  ofltimes  unusually  remarkable 
physiological  and  pharmacological  properties  they  constitute  one  of  the 
most  interesting  classes  of  carbon  compounds. 

Occurrence. — The  vegetable  alkaloids  occur  almost  exclusiyely  in  the  dicotyledons; 
but  one^  the  poorly  investigated  colckicine^  is  fonned  in  a  monocotyledon,  while  the  luge 
families  of  the  Compositx  and  I^biatae  do  not  furnish  them.  In  plants  they  are  gencr- 
ally  combined  with  widely  distributed  plant  acids — e.g.,  malic  and  (i,  487),  citric  and 
(I,  529),  and  tannic  acid  (p.  543).  Many  are  accompanied  by  acids  which  usually  are 
found  associated  with  definite  alkaloids — e.  g,^  the  opium  alkaloids  are  jmited  with 
meconic  acid  (p.  523),  and  the  quinia  alkaloids  with  fuinic  and  (p.  301).  The  all(i- 
Inids  pri/ed  for  their  pharmacological  properties  are  the  subject  of  technical  isoUtioa. 
The  artificially  pre]>arcd  carbon  compounds,  having  similar  physiological  action,  hold  1 
subordinate  position  com])ared  with  them — e.  g. ,  quinine  and  antipyritu  (p.  488} ;  atro- 
pine and  several  tropelnes  (p.  567)  ;  cocaine  and  eucai$t€  (p.  540). 

Some  alkaloids  contain  no  oxygen,  and  then  are  generally  liquid  and 
volatile — e.  g,,  piptridine,  conine^  nicotine^  and  sparteine.  Most  of 
them  do,  however,  contain  that  element,  and  are  solid  and  non-volatile. 
Nearly  all  are  tertiary  amines ;  some,  however  (like  the  hydrides  of 
the  pyridine  nucleus,  belong  to  the  secondary  amines.  Many  (like 
pilocarpine)  are  ammonium  bases.  Tannic  acid,  phospho-molybdic  acid, 
platinic  chloride,  and  many  double  salts  (like  Hgl,.  KI)  precipitate  all 
these  bases  from  their  aqueous  solutions.  The  bases  are  regained  from 
these  compounds  by  alkalies. 

The  alkaloids  have  a  more  or  less  bitter  taste.  Most  of  them  are 
o|)lically  active  and,  indeed,  IjEvorotatory  (i,  67).  Conine,  narco- 
tine,  and  pilocarpine  are  dextrogyratory.  Pi  peri  ne  is  inactive.  Many 
alkaloids  give  characteristic  colors  with  chlorine  water,  nitric  acid,  or 
concentrated  sulphuric  acid. 


X.  THE  PYRIDINE  GROUP  OP  THE  ALKALOIDS. 

Piperine,C,,n,,NO,-CII,(^{|«"^[[|)N.COXH:CH.CH:CH[l]C,H,|[^3^^^ 

melting  at  128°,  occurs  in  difTerent  varieties  of  pepper,  the  fruit  of  Piper  nigrum  and 
Piper  lofti^um.  It  dissolves  with  a  deep  red  color  in  sulphuric  acid.  It  is  decomposed 
by  boiling  alcohol  into  |>ii>eridine  and  piperic  acid. 

The  two  decomposition  pro<lucts  of  piperine  have  been  built  up  from  their  elements, 
and  by  allowing  the  chloride  of  piperic  acid  to  act  upon  piperidine  the  synthesis  of 
I)iperine  itself  has  been  realized  (Ji.  27,  2958).  llie  synthesis  of  conine  presupposes 
tliat  of  pij^eridine,  and  is  represented  by  diagram  under  conine.  Artificial  piperines 
have  been  prepared  from  the  synthetic  a-alkyl  and  a-phenyl  piperic  adds  with  the 
assistance  of  the  chlorides  (B.  28,  1195). 

^CH,— CH-CH,.CH,.CH, 
ct-Conine,  ^ja,n-propyipipeHdiney  ^%^vi^=^^tC  >NH  , 

boiling  at  167°,  with  sp.  gr.  0.886  (0°),  [«]d=  +  18.3  (B.  27,  3062), 
occurs  together  with  n-methyl  conine  and  ^-coniceine, 

^^'j    CIJ  ~CH    ----^^^^  0^-  ^>  ^Q'^V  <^o^^Y<ititi>  and  ijseudoconhydrin 
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(P*  564)9  in  hemlock  (^Conium  maculaium)^  especially  in  the  seeds.     It  is 
a  colorless  liquid  with  a  stupefying  odor.     It  is  a  very  powerful  poison. 

Hisiory:  Giesecke  (1827)  discovered  conine.  A.  W.  Hofmann  (1881)  determined 
ill  molecular  magnitiide,  and  in  1S84  demonstrated  that  it  yielded  conyrine  or  a-propyl 
PJTidiiie  npoa  distillation  with  zinc-dust.  Obtaining  picolinic  acid  by  oxidation,  he  thus 
proved  the  a-position  of  the  propyl  group.  The  synthesis  of  optically  inactive  conine, 
iti  decomposition  into  d-  and  1-conine,  and  thereby  the  Brst  complete  synthesis  of  an 
optically  active  alkaloid,  are  due  to  Ladenburg  (1886)  (B.  22,  1403). 

The  following  diagrams  represent  the  decomposition  of  conine,  which  corresponds 
to  that  of  piperidine  (p.  539)t  and  also  the  synthesis  which  presupposes  that  of  piperi- 
dtne  and  pyridine. 

Decomposition  of  Conine:  The  reduction  of  natural  d-conine  (i)  by  hydriodic 
acid  resolves  it  into  n-octane  (2)  and  ammonia  (B.  x8,  13).  The  distillation  with  zinc- 
dost  leads  to  conyrine  (3),  or  a,n-propyl  pyridine,  which  hydriodic  acid  reduces  to 
inactive  [d  -|-  l]-conine,  while  upon  oxidation  it  becomes  picolinic  acid  (4)  or  pyridine- 
o-carboxylic  add.  Hydrogen  peroxide  oxidizes  conine  to  d-amido-n-octyl  aldehyde,  or 
d-propylamidovaleraldehyde  (5)  (B.  28,  1460).  Nitric  acid  oxidizes  conylurethane  (6) 
to  carbethoxyconinic  acid  or  y-carboethylamido-n-heptan  acid  (7)  (B.  15,  1947),  which 
yields  coninic  acid  when  heated  with  hydrochloric  acid.  Potassium  permanganate 
ozidiaes  benaoyl  conine  to  benzoyl  homoconinic  acid  or  (Y-benzoylamido-n-octan  acid  (8) 
and  benzoyl-a-amidovaleric  acid  (9)  (B.  xg,  502).  Nitrous  acid  converts  conine  into 
nitroso-conine  (lo),  which  breaks  down,  on  heating  with  phosphorus  pentoxide,  into  water, 
nitrogen,  and  conylene  (ll).  Methyl  iodide  and  conine  combine  to  dimethylconinium 
iodide  (12),  which  is  changed  by  sodium  hydroxide  to  dimethylconine,  C^n|5N(CH3), 
(13)  (B.  14,  708),  of  uncertain  constitution  (A.  279,  341).  Dimethyl  conine  and  methyl 
iodide  also  combine,  and  the  resulting  iodide  (14)  is  converted  by  silver  oxide  into  tri- 
methyl  conylium  hydroxide,  CgH,5N(CII,),OH  (15),  which  breaks  down,  upon  distillation 
with  water,  into  trimethylamine  and  conylene  (10)  (I,  99) : 
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Sjmtbetis  of  Conine  (B.  22,  1404).     We  begin  with  the  synthesis  of  trichlomcetic 
acid  (I,  274),  which  by  ndvLdion  yields  syntbel'ic  acelk  acVOi  ^1,2^^"^.   Y\wci>^\\s>«VL  \j\vi- 
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cttd  to  gljcerol  (i,  471),  which  can  be  cooTerted  into  allrl  bromide.  AWji  faramide  iid 
hydrobiomic  acid  combine  to  trimethylene  bromide,  the  Utter  jieldingt  by  the  adioQcC 
trimethylene  cyanide,  pentamethylene  diamine,  from  which  piperidine  results  by  the 
elimination  of  ammonia  (i,  314).  Piperidine  may  be  oxidised  to  pyridine,  the  iod- 
methylate  of  which — ^pyridinium  iodide — is  changed  at  300^  into  c-piooiine  iodhydnle. 
Picoline  and  paraldehyde  at  elevated  temperatures  yield  a-allyl  pyridine,  which  is  redwed 
to  inactive  conine. 

d-Conine  d-tartrate  separates  first  from  a  sdlation  of  destro-taitrate  of  insdive 
conine ;  and  caustic  potash  resolves  it  into  a  cenint  ideniual  with  the  natural  ooniiie. 
As  dextro-tartaric  acid  can  be  prepared  from  synthetic  ncemic  add  (l,  523)  the  ^ntbesis 
of  conine  is  complete. 
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cl- Conine  Hydrochloride  melts  at  218^  Nitroso-d-conine  is  a  bright  yellow- 
colored  oil.  d-Conylene  Urethane  boils  at  245*'.  Benaoyl-d -conine  is  a  thick 
oil. 

Inactive  r-  (racemic)  or  (d  -|-  \)-co9iinf  and  X-canine  behave  phjrsiologically  and 
chemically  like  il-rofihtf.  Sodium  and  alcohol  also  reduce  a-ethyl  pjrridyl  ketone  to 
(d  -f-  l)-conine.  The  first  product  is  a-ethyl  pyridine  alkine,  a-ethyl pyridvl carhinol^ 
boiling  at  2i3-2i8<»  (p.  535),  then  o -ethyl  piperyl  alkine,  CjH^HCH (OH) .  CH,. - 
CH,,  melting  at  100°,  identical  with  psntJoconhydrine,  which  has  also  been  discovered 
in  Conium  niaculntum.  Inactive  conine  is  best  prepared  by  reducing  }^-ooniceIne 
rp.  5J8)  (B-  ag.  1956). 
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Isoconine  or  Isoconicine — consult  B.  27,  R.  203;  29,  1959,  2706  (bee  i,  511). 

CO -o 

Trigonelline,  Nuotimc  Acid  Methyl  Betahte,  CH^    ~^  ch/ ^  ""  ^^^"  ™e^^>ng 


( in  the  seeds  of  Trigonella  fienuwi  gracum^  and  in  small  amount,  together 
e,  in  the  leeds  of  Pisum  sativum ,  and  also  in  flax — Cannabis  sativa.    As  Jahns 
B,  trigoneUine  is  identical  with  oicotinic  acid  betalne,  synthesized  by  Hantzscb 
S)  (8.27.  769).  _ 

►  AncaMine,  TetroAydronicatinic  Acid Afe/Ay/ Be/aim,  C^H^(C0t>)^  ,CH^(+  H,0), 
vat  224^,  ocean,  together  with  arecoline,  C^H„NO,  (chief  constituent),  arecaine, 
^  }0^,  and  guvmcine,  C^II^NO,,  in  the  nut  of  Areca  Catechu,  It  and  its  dihydro- 
^dihydroarecaldine  or  hexahydronicotinic  acid  methyl  betalne,  have  been  obtained 
tically  from  the  chlormethylate  of  nicotinic  ester  by  the  action  of  tin  and  hydro- 
\  acid.  It  forms  arecoline,  boiling  at  209®,  when  treated  with  methyl  alcohol  and 
(eslerified),  which  by  saponification  yields  arecaTdine,  and  it  is  therefore  tetrahydro- 
mybiicotinic  methyl  ester  {B.  25,  R.  198;  30,  729).  The  constitution  of  arecalne 
id  gnvacine  has  not  yet  been  definitely  established. 

v^C .——.  CH^^         JL     CH 
Pilocarpine,  CH<Q^  ^  ^^^N    C<j^^^ij^)^^  [o]^  =  4-  ioi.6»,  and  Pilocar- 


u 


I,  CH-v,  nxs/^     ?^N(  CH.)  ♦  occu*"  in  ^^^  Jaborandi  leaves  of  Pilocarpus 


■'«-''*=«N:h=ch/-     .    "V 

COOH 
famaiifalius, 

Fllooupine  is  a  poison  which  acts  like  nicotine  (A.  238,  230).  The  injection  of  it 
IMo  roilch  cows  occasions  a  very  appreciable  increase  in  the  sugar  of  the  milk  (B.  26,  R. 
147).  When  pilocarpine  is  treated  with  hydrochloric  acid,  or  when  it  is  boiled  with 
viler,  it  changes  in  part  to  pilocarpidine,  and  in  part  to  /3-pyridine-a-lactic  acid  (p.  538) ' 
ad  trimethylamine.  Potassium  permanganate  oxidizes  pilocarpine  nitrate  to  /^-pyridine 
lirtnNUC  acid,  which  by  farther  oxidation  becomes  nicotinic  acid.  /M'yridine-a-lactic 
•cid  and  PBr,  form  /^-pjridine-a-brompropionic  acid,  which  trimethylamine  converts  at 
150^  into  pilocarpidine.  By  treating  pilocarpidine  with  methyl  iodide  and  caustic  pot- 
idi,  then  oxidizing  the  methyl  group,  which  has  attached  itself  to  the  pyridine  nitrogen, 
with  silver  permanganate,  pilocarpine  is  produced  (Hardy  and  Calmels,  B.  19,  R.  703; 
SO,  R.  575  ;  see  B.  28,  1762). 

Cytiaine,  Ulexine,  Sophorinty  C„H,4N,0,  melting  at  152°,  occurs  in  the  seeds  of 
Cyiisms  Laburnum^  as  well  as  in  other  Cytisus-varieties,  in  Ulex  europieus  and  in  Sophora 
Ummtcta  nxkAspeciosa  (B.  23, 3201 ;  24, 634 ;  27,  R.  509, 884 ;  28,  R.  237 ;  29,  R.  36, 53). 

Nicotine,  a  FyHdyl-P-Utrahydro-n-mcthyi pyrrol  (?), 

dn  CH      NCH,  ^ 

C„H,^N,=  I      L    ^\        boiling  at  247°,  with  sp.  gr.  i.oii  (is'^),  and 

CH      CH|'-^H| 
bevogjrratory  (B.  26,  R.  193),  occurs  in  the  leaves  of  the  tobacco  plant, 
NicMana  tabacum^  in  quantities  varying  from  0.6  to  8  per  cent.,  depend- 
ing upon  the  varieties.     As  a  rule,  the  better  qualities  of  tobacco  contain 
lea  nicotine  than  the  poorer  sorts. 

Nicotine  is  very  soluble  in  water.  It  has  a  disagreeable  odor  and 
boniing  taste.    It  is  a  very  violent  poison. 
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PoUssium  ferriqrmnide,  or,  better,  silver  oxide,  oxidiwt  nicotine  (i)  to  nicotjrine  (2) 
or a/J-pyridylmethyl  pyrrol  (?)  (B.  27,2535).  Nitric  acid,  chromic  add,  or  potissiam 
permanganate  oxidise  it  to  nicocioic  acid  (3)  or  ^-pyridine  carboxylic  .add  (A.  ig6, 
130;  sec  also  H.  30,  2122),  while  with  hydrogen  peroxide  it  jiitldB  axymuehne,  C^hf^- 
N,()  (H.  28,  456).  Sodium  and  alcohol  reduce  it  to  hexahydronicotine  (4)  (B.  26, 765). 
With  brcimine  anid  water  nicotine  forms  Mbr<mtmicotime  (5)  C,pHgBr,N,0„  which  bnyU- 
water  resolves  into  methylamine,  malonic  acid  (6),  and  nicotinic  acid  (B.  26,  292). 
Nicotine  takes  up  l>enz<>yl  chloride,  with  rupture,  very  probably,  of  the  psnrolidine  riiif>. 
IIy<lrochloric  acid  liberates  nicotine  from  the  addition-product,  while  sodium  alcoholite 
pnMluccs  a  secondary  t>ase,  metanicotine^  isomeric  with  nicotine  and  melting  at  275-278°. 
It  is  prolably  (.>-metliylamidu-propylidene-/3-picoline. 

History  :  Posselt  and  Keinian  discovered  nicotine  (1828).  Since  1891  Blau,  but  more 
especially  Tinner,  has  studied  its  transposition  reactions.  The  constitutional  formula 
pro|K)sed  by  Pinner  harmonizes  with  its  deportment,  and  has  more  recently  been  fortified 
by  the  experiments  of  Ami  Pictet  and  Cr6pieux  (1895),  which  doubtless  will  eventually 
terminate  in  a  synthesis  of  nicotine. 
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Pictet  and  CT^picux  let  potassium  hyi)obromitc  act  u|x>n  nicotinamide  (8)  and  obtained 
/?-amido|)yri(line  (9),  which  (p.  458)  l)ecomes  N, /^pyridy I  pyrrol  (lo)  upon  distillation 
with  inucic  aci«l.  If  N,/?-pyridyl  pyrrol  l>e  conducted  through  tubes  heated  to  faint  red- 
ness, it  is  rearranged  to  r^/^pyridyl  pyrrol  (ii),  which  methyl  iodide  converts  very 
j^robabl/  into  nicoiyriiie  iodmelU^lale  ^12"^  ^\i.  aft,  is^\' 
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The  preceding  diagnm  represents  a  tabular  view  of  the  rearrangement  reactions  of 
i  and  the  piodaction  of  nicotyrine  iodmethylate  from  nicotinic  acid. 


8partc&ie,  CJ^H^N,,  boiling  at  311^,  is  a  colorless,  thick  oil,  occurring  io  Spartium 
fmrium.     It  is  a  diacid  base  and  is  a  powerful  narcotic.     Tin  and  hydrochloric  acid 


wm»^  it  to  dihydrosparteine,  C,(H^N,,  while  hydrogen  peroxide  oxidizes  it  to  mono-, 
>,  and  trioxysparteine  (B.  30, 195).     Hydriodic  acid  splits  off  a  methyl  group  from 
Tne  (B.  ai,  826).     Diethylmethylamine,  pyridine,  and  a-picoline  are  produced 
It  is  distilled  with  zinc-dust  (B.  26,  3035). 


II.  TROPINS  GROUP. 

Solanum  Bases. — Several  very  similar  alkaloids  are  found  in  many 
■ricties  of  solanum,  of  which  the  best  known  are  the  two  isomerides :  op- 
Lcally  inactive  atropine^  discovered  by  Mein  in  1833,  as  well  as  by  Geiger 
nd  Hesse,  and  laevogyratory  hyoscyamine.  If  they  are  introduced  in  very 
mall  quantity  into  the  eye  they  cause  dilatation  of  the  pupil,  and  are 
kierefore  used  in  medicine  as  mydriatics.  Both  bases  are  found  in 
Wjascyamus  nigerzud  albuSy  in  Datura  stramonium^  in  the  deadly  night- 
bade,  Atropa  belladonna,  and  jn  Duboisia  myoporohies.  The  less  inves- 
igated  bases  which  accompany  them  are  belladonine  (B.  17,  152,  383), 
yoscinty  scopolamine  (B.  25,  260;  29,  1771,  2009,  2439),  apoatropine 
below)  (B.  25,  R.  573 ;  26,  R.  285),  all  of  which,  as  acid  decomposi- 
ion  products,  yield  tropic  and  atropic  acids ;  as  basic  constituents  they 
ield  bodies  closely  allied  to  tropine. 

^CH,— CH,.      O— CO .  CH  .  CH,OH 

Atropine,  CH-CH,-CH^ScH  x„     ,  melting  at  115^,  is 

iToduced  when  the  isomeric  hyoscyamine  is  heated  to  io8.6°.  This  body 
lianges  in  part  to  atropine  on  treatment  with  aqueous  or  alcoholic 
odium  hydroxide  (B.  21,  1717,  2777,  3069).  It  is  very  probable  that  the 
•ro  bases  are  physical  isomerides.  Atropine  is  decomposed  into  tropine 
nd  tropic  acid,  or  a-phenylhydracrylic  acid,  CH^OH  .  CH(CeH5)CO,H 
p.  252),  when  it  is  heated  with  hydrochloric  acid  or  baryta-water.  Con- 
versely, atropine  is  formed  when  tropic  acid  and  tropine  are  evaporated 
irith  dilute  hydrochloric  acid  (Laden burg). 

Both  the  basic  and  the  acid  decomposition  products  of  atropine  contain 
isymroetric  carbon.  Indeed,  tropic  acid  has  been  resolved  into  its  op- 
ically  active  components,  and  from  tropine  there  have  l)een  obtained 
rilh  dextro-and  laevo-tropic  acid:  dextro-atr opine,  melting  at  iio°  to 
tie**,  and  Icevo-atropine  (B.  22,  2590).  The  latter  is  very  similar  to  laevo- 
lyoscyamine,  but  it  is  not  identical  with  it. 

Apofttfopine,  Atropamitu,  C,f H„NO,,  melting  at  60-62^,  results  from  the  action  of 
liCfk  add  upon  atropine.  It  is  made  synthetically  by  evaporating  tropine  atropate  with 
lilnle  hydrochloric  add.  It  is  decomposed  by  baryta- water  into  tropine  and  atropic  acid 
[p.  278)  ;  it  is  the  tropdnt  of  atropic  or  a-phenylacrylic  acid. 

Tiopdbies. — ^Just  as  tropine  yields  atropine  with  atropic  acid,  so  it  is  capable  of  en- 
tering ooBbination  with  other  acids  producing  ester-like  derivatives,  which  have  been 
edied  trppehus  (Ladenbu^,  A.  217,  82  ;  ay,  R.  202).     Of  these,  phenylglycolyl-tro- 

"  e,  or  Homatiopine,  CH^NCCH,) .  C^II^  .  O .  CO  .  CH(OII) .  CjIIj,  is  noteworthy 
— \  its  mydriatic  action  is  not  so  prolonged.    It  is  obtained  from  tropine  and  mandelic 
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acid.  It  is  employed  as  a  substitute  for  atropine,  and  is  applied  in  the  form  of  hydro- 
bromide.     It  melts  at  95.5-98.5^. 

i.)nly  those  tropelnes  possess  mydriatic  action  in  which  the  add  radical  contains  dco- 
holic  hydroxyl. 

LiUtyl  Tropelne  melts  at  74<>  (B.  28,  R.  492). 

Binzih-tropelne  is  the  tropelne  of  benzilic  acid  (p.  367)  (B.  27,  R.  202). 

Tropine,  CIl— CH,— CH(OH)— CH,  melting  at  62<*and  boiling  at  233^  is  the  bisc 
-CII,— N(CH,)  ^ 
decom{x)sition  ])roduct  of  atropine.  Merling  regards  it  as  an  n-methyl  piperidine,  the  o- 
aiid  ,^carlx)n  atoms  of  which  are  joined  through  the  group  —  CH,  —  CH(OH)— ,  so 
thai  tropiiie  can,  uix>n  the  other  hand,  lie  viewed  as  an  oxybexahydroben/ene  derivative. 
Kcgoniiie,  the  basic  decomposition  {iroduct  of  cocaine,  is  a  tropine  carboxylic  acid. 
These  kinships  will  in  a  measure  account  for  the  similar  actions  of  atropine  and  cocaine. 
As  cc^oninc  is  not  capable  of  forming  a  lactone,  Kinhom  assumes  that  its  alcoholic 
liydn)xyl  is  attached  to  the  /i-carbon  atom,  and  this  explains  the  formula  given  above  for 
tropine. 

The  constitution  of  tropine  follows  further  from  its  decomposition  reactions.  We  are 
indebted  mainly  to  I.Adenburg  and  Merling  for  our  knowledge  of  these : 

Decomposition  of  Tropine.—  a.  Conversion  of  tropine  into  tropic  acid^  and  intfi 
a- ethyl  pyridine  and  piiolinic  acid:  Potassium  permanganate  oxidizes  tropine  (l)  totio- 
pij^cnine  (2),  whereas  with  chromic  acid  it  first  yields  a  ketone,  tropinone  (3),  which 
uiM>n  reduction  does  not  yield  tropine  again,  but  a  V'-tropine,  which  is  always  obtained 
by  (lie  (lecom|M)siti«in  uf  an  alkaloid  associated  with  cocaine  (p.  569)  (B.  29,  1636,  2228). 
When  tropinone  is  further  oxidized  with  chromic  acid,  tropic  acid  (4)  results,  which  by 
pnn)cr  decoini>ositioii  is  converted  into  normal  adipic  acid  (B.  28, 3271).  Glacial  acetic  acid 
and  hydrorhluric  acid  split  off  water  from  tropine,  and  tropidine  (5)  results.  The  latter  ii 
oxidized  by  potiussiinn  permanganate  to  di  hydroxy  tropidine  (6).  Further  oxidation 
changes  thi.slxMly  to  tropic  acid  (4)  ( B.  28,  2277).  Zinc  and  hydrochloric  acid  reduce 
tro|)i(line  to  hydrotropidinir  (7),  a  uifurafed  com{)Ound ,  the  chlorhydrate  of  which  splib 
oil  methyl  chloride  in  a  current  of  hydrochloric  acid  gas,  and  becomes  nordihydrotropidine 
(S).  Whim  the  latter  is  distilled  with  zinc-dust,  a-ethyl  pyridine  (9)  is  produced,  which 
upon  oxidation  becomes  picolinic  acid  (Ladenburg,  B.  20,  1647) : 


(I)  /Cn,-cii, — .         (2)  /cn,-cii, — .         (3)  .ch,-ch,_. 

I      ^CHj— N(CH3)-/  ^CH,— NH ^  ^CHi— N(CH3)/ I 

(5)      CH^-ni,    -   s^  (6)     XH, CH, V  (4)  /CH, CH,.  I 

CH^CH    (11        ^CH>CH-fCH(0H)-CH(0H)-^H-M:H^O,H-CO,H-^H 
I     \CH,-N(CIl3)^  \CH, N(CH,)-/  ^CHj-NCCH,)/ 

(7)  /CH3-CH,  --.             (8)    .CH,-CH,.            (9)      CH  =  CH. 
CH—CHj-CH,  -->CI1>C1I^CH,— CH,-^H>CH<  >C.CH,.CH,. 

^CII,-N(CH3)/  ^CHj-NH^^  ^CH N^ 

b.  IVie  conversion  of  tropidine  into  benzyl  bromide  (Merling,  B.  24,  310S  ;  26,  1060). 
Tropidine  (i)  takes  up  methyl  iodide,  and, exposed  to  moist  silver  oxide,  exchanges  the 
icKline  atom  for  hydroxyl,  with  the  formation  of  tropidine  methyl  ammonium  hydroxide 
(2),  which  is  converted  by  lK>iling  water  into  u-methyl  tro|>idine  or  A,,g.dihydro- 
benzyldimethylamine  (3).  n-Methyl  tro{iidine  adds  methyl  iodide  and  acts  further  like 
the  preceding  IxKly,  with  the  pro<luction  of  a-methyl  tropidine  methyl  ammonium 
hydroxide  (4),  which  Ixiilin^  water  changes  to  tropilidene  (5).  The  latter  takes  up  two 
bromine  atoms;  its  dibromide  (6),  heated  to  loo°,  breaks  down  into  HBr  and  benzyl 
bromide  (7).  Einhorn  and  Willstilttcr  (A.  280,  96)  view  tropilidene  as  a  dihydroben- 
zene,  in  which  two  C-atoms  holding  the  p-posiiion  are  linked  by  the  CH,-group,  similar 
to  what  we  have,  according  to  Hredt,  in  camphor.  Consult  B.  29,  402,  490;  30,  721, 
ior  anaJogous  decoinix)sitions  oi  Uo^mou^  qjA  dJ^^dscAxn^hdusA, 
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fl)    .CH,-CH,— >,  (2)  /CH,-CH, \  3)    /CH,-CH 

CH^-CH  -CH -CH>CHf-CH  -CH  CH->-  CH^CH  =CH 

^CH,-N(CH,)/  ^CH,-N(CH,),OH  I     \CH,-N(CH,), 


£ 


a«f<:H  =CH ^H  ->  C^H  =CH-^CH  or  C^CIi, ^CH 

^CH,— N  (CH,),OH  I  ^H,  ^CH  =CH  ^ 


M    XH,-CH^  (TL^H  -CH^ 

CBif^H  =CH-^H  — >•  (^H  =  CH^H. 
^CHjBr  ^CHjBr 

Sjmthesis  of  Tropine. — a-Mcthyl  tropidine  or  Ag.j-dihydrobenzyldimethylamine 
(l)  fonns  a  dih3rdrochIoride :  hydrocblor-a-methyl  tropidine  chlorhydrate  {2\,  Sodium 
njdioxide  splits  off  hydrochloric  acid  from  this  and  there  remains  tropidine  methyl 
ammontum  chloride  (3).  By  distillation  the  latter  changes  to  tropidine  (4),  which  takes 
«p  water  on  boiling  with  caustic  alkali  and  reverts  to  tropine : 

(I)  /CH,-CH^  (2)     .CH^CH,.  (3)  .CH,-CH,\ 

CH^H  =:CH-^H >-CH^H  =CH  -^CHCl >-CH^CH  =CH  7CH 

NCH,-.N(CH,),  \CH,— N(CH,),.HC1         I      ^CH, N(CH,),C1 


lI 


U)  xh,-<:h,\     ^(5)  .CH,-CH, — . 

CT^H  =CH  7CH >-CH^CH,— CHfOHHCH. 

^CH^N(CH,)  ^CH,~N(CH,)-^ 

yCH,— CHjX-O  .  CO .  CjIIj 
IXocaine,  CH^H,-CH^C.  CO,CH,  ,  melting  at  98°,  is  laevogyra- 

tory.  It  is  present  in  the  leaves  of  Etythroxylon  coca.  It  is  a  very 
superior  local  ansesthetic,  and  is  applied  in  the  form  of  hydrochloride. 
When  it  is  digested  with  hydrochloric  acid  it  breaks  down  intoecgonine, 
benzoic  acid,  and  methyl  alcohol. 

It  yields  benzoyl  ecgonineand  methyl  alcohol  when  boiled  with  water. 

CooTersely,  cocaine  can  be  again  re-formed  from  ecgonine,  from  benzoyl  ecgonine,  and 
fiom  benzoyl  ecgonine  ester  by  introducing  benzoyl  into  ecgonine  ester,  or,  better,  by  esteri- 
lying  benzoyl  ecgonine  with  methyl  alcohol .  In  this  way  certain  alkaloids — e,  g. ,  cinnamyl 
cocaine^  trmxilUne^  etc. — associated  with -cocaine  (B.  27,  783  Anm.)  become  valuable 
technically.  In  their  decomposition  they  yield  ecgonine  methyl  ester  and  ecgonine 
(B.  as,  2960.  R.  953). 

C.H, .  CH  —  CH  .  CO.H  C-H.  —  CH  —  CH  —  CO.H 

TruxilbcAcid..  c^„^.(JH-iH.CO,H  "'  CO.H  -  bl  -  ^H  -  C.H.  ('>' 
polycinnamic  acids,  dicmnamic  acids,  and  also  *<  natural  isocinnamic  acid/'  were  dis- 
coveied  by  liebermann  in  his  study  of  the  secondary  alkaloids  of  cocaine.  By  distil- 
lation they  yield  ordinary  cinnamic  acid.  The  a-acid  melts  at  274° ;  the  ft-acui  at  206®. 
Acetic  anhydride  and  sodium  acetate  convert  the  first  into  the  anhydride  (m.  p.  191°) 
tf  y'truxUHe  add,  melting  at  228®  (B.  22,  126).  When  the  p-acid'\s  fused  with  caustic 
potash  it  changes  to  A-iruxillic  acidy  melting  at  174°.  Potassium  permanganate  oxi- 
dizes the  )3-acia  to  benzil  (B.  aa,  2254) — a  reaction  which,  together  with  the  inability  to 
Idle  up  bromine  and  the  stability  of  ^-truxillic  acid  toward  cold  potassium  permanganate, 
argnet  for  the  constitutional  formula  given  above  (B.  27,  14 10). 

d-Cocaihe,  melting  at  43-45^,  occurs  in  small  quantities  in  the  mixed  cocaine  bases 
(B.  23,  926).  It  is  obtained  synthetically  from  decgonine  (B.  23,  982).  See  B.  27, 
1874,  i880y  for  cocaines  substituted  in  the  benzoyl  group. 

TrafM-cocalne,  Bemoyl-^tropinfy   Cj^Hj^NO^,  mellm^  «i  v^**  >  ^^^  Wa.^^  'vo^ 
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small  amounts  in  the  coca  alkaloids,  breaks  down  into  bensoic  add  and  ^trepine,  mdt- 
ing  at  io8®  and  boiling  at  241^.  The  latter  ai>pean  to  be  a  stereoisoiiieiide  of  tropioe, 
because  it  can  also  be  prepared  by  the  reduction  of  tropinone,  and  when  oxidized  reverts 
to  the  latter.  Indeed,  tropine  can  be  directly  rearranged  to  Yr-tropine  by  means  of  lodiom 
amylate.  Potassium  permanganate  oxidizes  Vr-tropine  to  ^-tropigenine,  which,  like 
tropigenine,  yields  nortropinone  upon  oxidation  (B.  ag,  936,  1636,  2231). 

Mention  may  also  be  ma<le  here  that  erode  cocaine  contains  small  quantities  of 
Hygrine,  C.II,cNO,  boiling  at  92-94°  (20  mm.).    It  is  a  derivative  of  n-metbyl  pjndi 
yCOCHjCH, 
CH  CH  ^ 
dine,  probably  i    J        >N'CH,        ,  as  it  forms  an  oxime,  and  when  oxidized  becomes 

hvi^ric  acid^  or  n-methyl  pyrrolidine  carboxylic  add,  which  ports  with  carbon  dioxide 
very  readily  (1>.  28,  578)  (p.  461). 

yCH,— CH,   y 

lEcfi;^  nine,  Tropine  Carboxylic  Acid,  CH^H,— CH(OH)  -^.CO  +  H,0,  melts 
%  ^CH,— NH  (CH^Y  I 


O. 


at  205°  ^ben  anhydrous.     It  is  the  basic  decomposition  product  of  1-cocaIne.    \Mien 
(li;rested  witi<  caustic  potash  it  changes  to  d-ecgonine,  melting  at  254®.     See  B.  34,7; 
26,  962,  for  tl^  esters,  amides,  and  nitriles  of  the  ecgonines. 
.CI  Ij—CH,  — ^^COOH 

a-Bcgonine,  CH^:i I,— C(OH)^— ^CH      ,  melting  at  305®,  is  aposition  isomeride 
^CII,— N(C1I,)-^ 
of  ecpronine.     It  has  been  prcpare<l  by  adding  hydrocyanic  acid  to  tropinone  (p.  568) 
and  then  sa|>onifying  the  cyanhydrin  (B.  ag,  2216). 

Anhydroecgonine  (see  below),  melting  at  234°,  is  produced  on  boiling  ecgonioe 
hydrochloride  with  phosphorus  oxychloride  (B.  ao,  1221).  The  connection  or  relation  of 
ecj^onine  to  tropine  follows  as  a  consequence  of  the  rearrangement  of  anhydroecgonine 
(observed  by  Kinhorn),  ui>on  heating  with  hydrochloric  acid  to  280°,  into  tropidine, 
carbon  di«ixi<le  Ikmiir  eliminated  (B.  23,  1338). 

Decomposition  of  Ecgonine :  The  conversion  of  anhydroecgonine  into  p-toluic 
acid  and  terephthalic  acid  ^ives  a  clue  as  to  the  position  of  the  cuiwxyl  group  in  the 
tro|)idine  ring  of  nnhydroecf;onine  and  also  in  ecgonine  (B.  27,  2439).  If  the  anhydro- 
ecgonine (2)  obtained  by  treating;  ecgonine  hydrochloride  (l)  with  POClj  be  acted  upon 
with  methyl  iodide  after  its  conversion  into  the  ethyl  ester,  anhydroecgonine  ethyl  ester 
i<Klnicthylate  (3)  will  l>e  produced,  and  moist  silver  oxide  will  change  it  to  anhydro- 
ecgonine methyl  l>etn!ne  (4).  Ik)iling  alkalies  convert  the  latter  into  dimethylamine 
and  p-methylene  dihydrobenzoic  acid  (5),  melting  at  33°.  Its  amide  melts  at  125°. 
I>y  the  addition  of  iWWr  p-methylene  dihydrobenzoic  acid  becomes  p-toluic  acid  dihydro- 
bromide  (6),  which  })oiling  sodium  hydroxide  changes  to  p-toluic  acid  (7),  and  tere- 
phthalic  acid  (<S)  is  its  oxidation  product.  The  reduction  of  p-methylene  benzoic  acid 
produces  raAo-4-ethylcyclopentene  Carboxylic  Acid  (9),  boiling  at  250-253°.  Its 
amii/r  melts  at  158°. 


CH^-Cll, — (:il(o!l) — ^.  CO-^CHf-CH  — CH  - 


(2)      CH,~CH, V  (3)    .CHj-CII, ^ 


^CH,— n(<:h5)h^     I  ^cn,— n(ch,)h/     I 


C.CO->-CH^--CH  =CH- 


\ 


-rc.cOjUs 


CH, — N(CH,),I 


(4)    .CH,— CHj V 

CH — CH    -  CH ^C.CO 


\r, 


CH,— N(CH3)j,  ' 


(5)^CH-CH,.                              (9)    .CH,.CH, 
C^^ CH, -1C.C0,H    -^    CH^H, -CH.CO,H 


f6)^:n — CH,  (7^^x:u-<:w^  (Sl^H- 

CHBr — ch/  ^c\v- 
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If  the  pieoedincf  fonnnlm  b  conect,  then  p-methylene  dihydrobenzoic  acid  would  have 
■  basis  a  ling-sjrstem  similar  to  that  observeid  with  camphor  (A.  a8o,  96 ;  B.  27,  2439). 
Hjdioecgoiiidiine,  C^H,^NO,,  melting  at  200°,  is  a  saturated  body.  It  is  formed  in  the 
Mnctioo  of  anhydroecgonine,  and  it  can  be  decomposed  like  the  latter.  Here,  how- 
Kfcr.  the  intermediate  product,  lacking  above,  between  (4)  and  (5)  can  be  fixed.  It  is  a 
Mnhydiodimethylbenxylainine  p-carbozylic  ester,  the  iodmethylate  of  which 
^Mds  tetrmhydromethylene  benzoic  acid  when  decomposed  with  alkali  (B.  30,  702). 

Felletierine,  C^Hi^NO,  iso-,  methyl-,  and  pseudopelletierine  (named  after  the 
Idealist  Pelletier),  was  discovered  by  Tauret  in  Punica  granatum.  Pseudopelletierine 
done  has  been  closely  studied  by  Ciamician  and  Silber.  They  recognized  this  base  as  a 
lev  relatiTe  of  the  tropine  series. 

PMadopelletierine,  C^Hi^NO  (2),  melting  at  48^  and  boillhg  at  246^,  corresponds  to 
lopinone  (p.  568).  By  reduction  it  yields  the  alcohol  corresponding  to  tropine: 
DMthyl  graiiatolme(l),  which  chromic  acid  again  converts  into  pseudopelletierine  and 
nbseqaently  oxidizes  to  niethyl  granatic  anJ(2)f  corresponding  to  tropic  acid,  whereas 
potassium  permanganate  splits  off  the  methyl  group  and  iorms  granatoiine,  iilogous  to 
tropigeDine  (p.  568).  Hydriodic  acid  and  phosphorus  reduce  methyl  gii«..^AtoIine  to 
miti^l granaiine  (4)  and  granatim  (5);  the  latter,  distilled  with  zinc-dust,  yic;^  a-^ropyl 
fyridine  (6) :  ^ 

[I)  CH, CH  — CHOH        (2)  CH, CH  —CO  (3)  CH, CH  —  COOH 

in,      CH,  CH,    "^    in,      in,  in,— »-    ch,      ch,    cooh 
I  ]Sr(CH,)-(!:H  —in,    ^^^    n(ch,)-ch  — c!h,  i!j(ch,)-<!:h — in, 

[4)CH, ch— CH,  (5)  CH,— CH  — CH,  CH— CH     CH, 

in,      (!h,  ch, — >-     in,  (!h,  c!h,— >     ch    ch    (!:h, 

N(CH,)-<iH  — CH,  NH— CH— CH,  N  =C CH, 

When  pseudopelletierine  is  decomposed  with  methyl  iodide  and  alkali  it  is  changed 
into  a  dihydroacetophenone  analogous  to  dihydrobenzaldehyde.  It,  therefore,  conducts 
itself  like  a  ring  homologue  of  tropinone  (B.  29,  481,  2972). 


III.  QUINOLINB  GROUP  OP  THB  ALKALOIDS. 

Quina-bases. — The  quina-barks  (cortex  chinae)  are  derived  chiefly 
from  the  various  Cinchona  species :  Cinchona  Calisaya,  C,  lanci/oliay  C, 
PitayensiSf  etc.;  also  from  the  Rubiacea,  They  contain,  in  addition  to 
tannin  and  quinic  acid  (p.  301),  a  series  of  bases,  the  most  important  of 
which  are : 

Quinine,  C,jH,4N,0„  Conquinine,  C,oH,.N,0,, 

Cinchonine,  C|,H„N,0,  Cinchonidine,  Cj,H„N,0. 

Quinine,  CH,0  .CH^N  .C,H„(OH)(CH,)N  (?)  +  3H,0,  melts,  when 
anhydrous,  at  177°.  It  consists  of  silky  needles  when  crystallized  from 
alcohol  and  ether.  Pelletier  and  Caventou  discovered  quinine  in  1820. 
It  is  one  of  our  most  valued  medicines,  especially  for  intermittent  fevers, 
— ^.  g.^  malaria,  etc., — and  is  an  antidote  for  many  infections  produced 
by  micro-organisms.  * 


''^GnmdzOge  der  Arzneimittellehre,"  von  C.  Binz,  12.  Aufl.,  1894. 
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It  is  found  (3-3  per  cent.)  in  the  yellow  calisaya  bark.  It  reacts 
alkaline,  tastes  bitter,  and  being  a  diacid  base,  forms  primary  and 
secondaiy  salts. 

The  neutral  sulphate,  (C^U^^fi^H^^^  +  8H^0,  and  the  priBUuy  kydrocUoride, 
C,oH,^N,0, .  HCl  -f  2H,0,  are  employed  in  medicme.  The  fonner  consists  of  ktig, 
shining  needles;  which  fall  to  a  white  powder  on  exposure.  It  diasolTes  readily  in  dilate 
sulphuric  acid,  the  solution  exhibiting  a  beautiful  blue  flnoreacence. 

When  chlorine  water  and  then  ammonia  are  added  to  the  solution  of  quinine  silt, 
there  is  produced  a  green  precipitate,  dissolving  in  an  excess  of  amooooium  hydroxide 
with  an  emerald-green  color.  On  adding  an  alcoholic  iodine  solution  to  the  sulphate  in 
acetic  acid,  a  periodide,  4QU .  38(^4! I, .  2HI .  I^  -|-  6H,0,  called  herapathite,  is  precipi- 
tated. This  crystallizes  in  emerald-green  plates  with  golden  lustre^  and  polarises  light  toe 
same  as  tourmaline. 

Quinine  is  a  tertiary  diamine,  and  with  metallic  iodides  yields  the 
iodides,  C„H„NA .  CH J  and  C«H„NA  •  aCHJ.  The  first  of  these 
yields  the  so-called  methyl  quinine,  C«Ha(CH,)N,0„  when  it  is  boiled 
with  caustic  potash.     See  B.  26, 1968,  for  the  ethyl  iodide  derivatives. 

Cinchonine,  CgH«N  .  CgH„(OH)(CH,)N,  is  associated  with  quinine 
and  occurs  principally  in  the  gray  quinia  bark  {^Cinchona  Huanacd)  (up- 
ward of  2.5  percent.).  It  crystallizes  from  alcohol  in  white  prisms, 
sublimes  in  needles  in  a  current  of  hydrogen,  and  melts  at  255^.  Like 
quinine,  it  seems  to  dissipate  fever,  but  to  a  less  degree.  Cinchonine  is 
converted  by  boiling  amyl  alcoholic  potash  into  cinchonidine  (m.  p. 
201®),  which  is  probably  a  stereoisoraeride  (B.  29,  2185). 

Quinine  and  cinchonine  are  similarly  constructed;  they  contain  one  hydroxyl,  and  the 
former  an  additional  methoxyl  group.     It  is,  therefore,  niethoxycinchonine : 

C„H„(OH)N,  C„H„(O.CH,)(OH)N, 

Cinchonine  Quinine. 

They  yield  acetyl  derivatives  when  heated  with  acetic  anhydride.  Quinine  heated  to 
150°  with  hydrochloric  acid  splits  off  the  methyl  group,  with  formation  of  apoqttinine^ 
C„H,q(OH),N2.     The  two  nitropjen  atoms  of  both  alkaloids  are  tertiary. 

Decomposition  of  Cinchonine  and  Quinine :  When  cinchonine  ( i)  and  quinine  are 
l)oiIed  with  acetic  acid,  the  union  of  that  carbon  atom  to  which  hydroxyl  is  attached  is 
severed  from  the  one  nitrogen  atom,  which  then  becomes  an  imido-group,  while  the  C(OH)- 
group  becomes  a  keto-group.  Cinchonine  yields  the  isomeric  quinchotoxine  (2),  melting 
at  5i^6o**,  which,  like  the  corrcsjx>nding  qtiinotoxingyis  very  poisonous,  but  does  not  have 
any  antipyretic  properties.  (^uinchotoxine  forms  a  methyl  derivative  (4),  the  iod- 
methylate  of  which  appears  to  be  i<lentica1  with  that  of  methyl  cinchonine.  The  latter 
has  been  prepared  by  adding  methyl  iodide  to  cinchonine  (3)  and  splitting  off  hydriodic 
acid  (B.  13,  2292). 

These  observations  have  led  v.  Miller  and  Rhode  (B.  28,  1056)  to  regard  cinchonine, 
which  contains  a  quinoline  ring,  as  a  compound  of  quinoline  with  a  piperidine  ring, 
effected  through  a  CHj-group.  The  N-atom  of  the  piperidine  ring  is  linked  through 
the  group  C(OH),  to  which  the  CH,-group  is  attached,  with  the  y-carbon  atom  of  the 
piperidine  ring.     The  formulas  recall  those  of  tropine  and  ecgonine  (p.  568)  : 

(I)      CII  =CH,  (2)     CH  =CH, 

CH^CH,-CH,— ^N  >   CHf-CH,  — CH>^" 
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(3)     CH  =CH,  (4)     CH  =CH, 

ci!A:h,— ch|I^n(ich,)  >-  ch^ch,— ch!>^(^^3) 

^CH, — C(OH)^CH,c:;HiN  N:n, — co — ch,  .  CjH,n. 

The  following  of  the  many  other  decomposition  reactions  of  cinchonine  and  quinine 
may  be  considered : 

Ozidmtion  of  Cinchonine  snd  Quinine:  Potassium  permanganate  oxidizes  cin- 
chonine to  dnchotenine,  Ci^H^qN^O,  -f-  3^  ^s^^>  melting  at  197°.  This  is  an  oxycarboxylic 
actdy  which  can  be  as  readily  decomposed  into  a  keton-imide  as  cinchonine  itself.  When 
cinchotenine  is  formed,  formic  acid  appears,  and  a  vinyl  group  prol>ably  becomes  a  car- 
bozyl  group.  This  would  seem  to  be  indicated  by  the  addition  of  two  bromine  atoms, 
one  molecule  of  hydrogen  chloride,  or  HI  to  cinchonine  (B.  19,  2856).  Cinchonine  and 
quinine,  when  more  energetically  oxidized  with  potassium  permanganate,  yield  cinchoninic 
acid,  quinic  acid,  and  eventually  a^^,y -pyridine  tricarboxylic  acid^  or  carbocinchomeronic 
aciJ{ip.  536).  It  follows  from  this  that  cinchonine  and  quinone  are  T'-quinoline  deriva- 
tives. When  oxidized  with  chromic  acid  and  dilute  sulphuric  acid,  cinchonine  (i)  and  cin- 
chotenine jrield,  in  addition  to  cinchoninic  acid  (3),  cimholoiponic  acid  (5)  (^(Mirdc, 
** remaining '*),  CbH,jN04  -f-  H,0,  melting  at  125  127°  with  decomposition.  This  is 
pn^Mbly  a  hexahydrohomocinchomeronic  acid,  CH9N(CH,C(X)H)(COO[[)  (H.  28, 
12;  ag,  R.  843 ;  30,  1326).  Cincholoiponic  acid  (5)  is  also  found,  when  chromic  acid 
is  the  oxidant,  among  the  oxidation  products  of  quinine  (2)  along  with  quinic  acid, 
which  is  a  methoxy-y-quinoline  carboxylic  acid  (4). 

<AVc.H„,oH,N_p'^-°'-"-  •  •  •^•sisaKss"'' 

-  .  /-^^e^ii-^C^^i^^)!  •    •    Cincholoiponic  Acid. 

CH.O.C^a.NC,.H„(OH)N_  u,  MChox^uinoHne  C.r- 

t  -^(ClIjOjCjHjNCOjH  boxy  lie  Acid,  Quinic  Acid. 

On  the  other  hand,  cinchonine  is  broken  down  by  a  chromic  acid  mixture  into  cin- 
choninic acid  and  fmroquincnc  (from  fie poc,  *'part").  The  Litter  also  results  from  a 
hydrolytic  decomposition  of  cinquenc  and  quinene,  brought  about  by  phosphoric  acid  at 
170-180°.  Lepidine  or  y-methyl  quinoline  and  p-methoxylepidine  are  produced  at  the 
same  time.  Meroquinene  is  converted  into  /?-ethyl->'-methyI  pyridine  on  heating  with 
cont>sive  sublimate  and  hydrochloric  acid.  When  oxidized  it  becomes  cincholoiponic 
acid.     It  probably  should  be  regarded  as  /?-vinyl-)'-pij)eridine  acetic  acid  (B.  30,  1326). 

Lepidine  and  methoxy lepidine  are  also  formed  in  the  alkali  fusion  of  cinchonine  and 
quinine  (B.  23,  2675). 

Decomposition  of  Cinchonine  and  Quinine  Chlorides:  PCI5  converts  cin- 
chonine and  quinine  into  cinrAonim  and  qtiininc  chlorides^  and  these  compounds,  boiled 
with  alcoholic  potash,  yield  cinchene  and  quinene^  which,  when  heated  to  190°  together 
with  concentrated  hydrochloric  or  hydrobromic  acid,  give  up  ammonia  and  absorb  water, 
thus  forming  apocinchene  and  apoquinene  : 

!C^I.N.C,aH,j(On)N  Cinchonine  (CH,0)C^n5N.C,oII,5(OII)N Quinine 

C,H,N.C,onuClN  .    .  "        Chloride  (CIl,0)C,H,N.C,oTI,,ClN    .  ^"^^illoride 

C^.N.C„H,^N  .   .   .  Cinchene  (CIl30)C,Il5N.C,oH„N    .    .  Quinene 

CilleN.C^IIijO  .    .    .  Apocinchene  (CHjO)C;iljN.C,oH„0    .   .  Apoquinene. 

When  apoquinene  is  heated  to  250°  with  zinc-ammonium  chloride  it  becomes  amido- 
apodnchene,  from  which  apocinchene  may  be  obtained  through  the  diazo-compound. 
As  dncbonidine  and  conqninine  can  also  be  changed  lo  cVncVkeiA  axA  ^\ttvci^>^^  Skmk. 
qaMMtM-MlkMloids  (Kdoigs,   B.  27,  903),  cinchonine,  quinine,  c\nc\Monv^vu^^  weA  catwq^v 
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nine,  are  derived  from  cinchene.  On  the  other  hand,  when  the  chlorides  of  the  Ibar 
alkaloids  are  reduced  and  the  chlorine  atoms  replaced  by  hydrogen,  four  different  desoiy- 
compounds  result :  deioxycinthonine^  desoxyrinchimidiHe^  desoxyfuinine^  and  dtsoxycm- 
quimnf.  The  isomerism  of  the  two  pairs  of  alkaloids  appears,  therefore,  to  be  occa^ned 
by  the  asymmetry  of  the  tertiary  carbon  atom  to  which  hydrozyl  b  attached. 

Decomposition  of  Apocinchene  into  y-o-Oxyphenyl  Quinoline :  ApociDcheiieis 
a  phenol.  Its  ethyl  ether  (i)  can  be  gradually  oxidised  to  ttkyl af*ocinckenic acid (2), the 
X^xXon^oi  ethyl  apoiinchene  oxy-acid  (3),  and  quinoline  pkenetoi-dicarboxyUc  add  \^i(^ 
which  forms  an  inner  anhydride  very  readily,  and  consequently  contains  the  CO,H- 
grou|)s  in  the  o- position.  Boiling  concentrated  hydroliromic  acid  decomposes  ethyl  apo- 
cinclicnic  acid  into  homoapocinchene  (5),  carbon  dioxide  and  ethyl  bromide  beingsplito£ 
Sulphuric  acid  and  manganese  dioxide  o\\di\tt  ethyl  homoapocinekene  {f!^)  Xq  ethyl k\m9- 
apoiituhntif  and  (7).  If  the  silver  salt  of  the  latter  be  heated,  y-quinoline phenetoi {%) 
is  fornu'd,  which  is  converted  by  hydrobromic  acid  into  y-qninoline  phenol  (f)).  A^oan- 
chene  is,  therefore,  very  i>robably  y,2-oxy-4,5-diethyIphenyl  quinoline,  and  apoqni- 
neno  accordingly  }',2-ozy-4,5-diethylphenylmethozyquinoline. 

(I)  fCjUj  (2)  fCO,H  u)  (COO 

C,H,N.C.11,]C',H,       ->  C,H,N.C,H,]CH,CH,  -^  q,^N.C,H J --; 

I  lox,H,  ^  lacH,  ICRCH. 

Y14)  (ccxm  r(o  ,f,„  j,„  (6)  fCH  CH. 

c-.ii,N.c.ii,   C(H .11  c,n.N.c.n,{^|J«-^««  ->  QH.N.p,H,{™(4"' 

(^U.Ljlis  I 

C.H.N.C.H,!^;^^'.';;^    ->  C,»,N.C,H,0C,H.  >■  C^,H.C,Hfill 

The  following  diagram  represents  the  formation  of  y,o-oxydiethylphenylquinoUne, 
or  a|H>cii)ch(*ne  (^{),  by  the  hydrolysis  of  cinchene  (i),  assuming  the  formula  ((>• 
573)  given  al'ove  for  cinchonine  : 

(I)      TH  ^CII,  (2)    CH  =CH,  (3)      CH,— CH, 

CH-CH,^  r  i^-^cH,  "1  .ir=:CH^,^ 

CHt-CH,    CUfyfi >-l     CH— CH  =CH,  j->-C^H,— CH,      yCC^t^ 

^CH,    C:         CH.C^HgN     L       ^CH,— C(0H)=CH.C,H,N  J         '^CH— C(0H)/ 

The  rearrangement  of  the  hyiwthetical  intermediate  product  (2)  into  the  phenyl- 
<|uinoline  derivative  finds  an  analogy  in  the  transpositions  of  the  olefine  terp>enes  (p.  309) 
into  hydroaromatic  conjjxmiuls — e.  i'.,  the  production  of  isopulegole  from  citronellal  (p. 
30S).  It  is  probable  that  the  !)reaking  down  of  methyl  cinchonine  (p.  573)  with  methyl 
i(Mlide  and  alkali  would  aflord  a  l>etter  insight  into  the  nature  of  the  intermediate  product 
(see  A.  277,  277). 

The  synthesis  of  >,o-Oxyphenylquinoline  is  identical  with  that  of  y-quinolint 
phntol  from  ajxKrinchene.  It  presupposes  that  of  salicylic  acid.  The  diethyl  ester  ^/sali- 
lylir  and  (i),  acftic  ester,  and  scxlium  form  o-ethoxybemoylacetic  ester  (2),  which  is  con- 
verted !»y  Iwiling  dilute  sulphuric  acid  into  o-ethoxyacetophenone  (3).  Acetic  ester  and 
sodium  eihylatc  transijose  the  latter  compound  into  o-ethoxybenzoyl  acetone  (4),  from  which 
o-ethoxyl>cnzoylacetone-mono-anil  (5)  is  obtained  by  digesting  it  with  acetic  acid  and 
aniline.  This  anil  condenses  to  y  ^o-ethoxyphenylsulphonic  acid  quinaldine  (6)  on  treating 
it  with  concentrated  sulphuric  acid.  If  the  sulphoacid  be  boiled  with  concentrated  hydro- 
bromic acid,  y.ooxyp/ienyli/uiniildine  (7)  will  result,  and  potassium  permanganate  will 
oxidize  its  benzylidcne  cotupouttd  (8)  to  y^o-oxyphenylquinaldic  acid  (9).  The  latter 
decomposes  at  250°  into  carbon  d\o\\de  aud  y^o-oiLyylienylquinoline  ( loji,  identical  with 
the  ; -phenylquinoline  prepaTcd  ttom  ai^\ivt\vwvtV)ift&'Caat\jL«sA\w«^t^\i.  «\%'>S^Vj\' 
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di  /[']«^^«i^C.H   /«>.CH,.CO,.C,H5  .     (3)     fCO.CH,.     (4)     f  CO.CHj.CO.CHj- 


C^H^OH  CjH^OH  C,H4[2]OH 


'\^^c.ch:ch.c^H5 

Strychnos  Bsses. — In  the  fruit  of  the  different  strychnos,  principally  in  that  of. 
Strycknos  nux  vomica  and  in  St.  Ignatius'  bean  {Strychnos  Ignatii)^  are  found  two  very 
poisonoos  bases :  Strychnine  and  brucine.     Their  constitution  is  undetermined.     They 
were  discofered  (l8iS  and  1819)  by  Pelletier  and  Caventou. 

Strychnine,  C^Hj^N^O,,  melting  at  284°  and  boiling  at  270°  {X  mm.)  (B.  ig,  R. 
30),  is  IflCTorotatory,  reacts  alkaline,  has  an  extremely  bitter  taste,  and  occasions  tetanus. 
Its  most  closely  allied  transposition  products  indicate  that  the  one  nitrogen  atom  belongs 
to  m  hydrogenized  quinoline  or  indol  ring  and  that  it  has  sacrificed  its  basic  character  by 
union  with  a  CO-group.  Gradual  oxidation  with  dilute  and  concentrated  sulphuric  acid 
coDTerts  strychnine  into  picric  acid  and  an  acid,  CjoHgN^Og.  which  splits  off  CO,  when 
heated  with  water  and  very  probably  yields  a  dinitrodiozyquinoline,  C0H,N(NO,),- 
(OH),  (Tafel,  B.  26,  333). 

Brocine,  CgH^^N^Of  +  4H,0,  melts  at  178^  when  anhydrous.  It  is  Ixvorotatory. 
Its  action  is  similar  to  that  of  strychnine,  but  less  powerful.  When  fused  with  caustic 
poUsh  it  3rields,  in  addition  to  lutidines  and  collidincs,  tetrahydroquinoline  (B.  18,  R. 
73  ;  ao,  460,  813). 

It  dissolves  with  a  red  color  in  concentrated  nitric  acid.  On  application  of  heat  it 
becomes  yellow  and  violet  after  the  addition  of  stannous  chloride. 

The  veratrum  alkaloids  occur,  together  with  veratric  acid  (p.  228),  in  the  white  helle- 
bore (from  V,  album)  and  in  the  sabadilla  seeds  (from  V.  SabaJilla).  Crystalline 
Veratrine  (B.  26,  R.  284),  or  cevadine,  CsiIl^-NOg,  melts  at  202®.  It  dissolves  in  con- 
centrated sulphuric  acid  with  a  yellow  color,  which  gradually  changes  to  blood-red.  It 
yields  /3-picoline  (B.  23,  2707)  by  dry  distillation. 

IV.  THB  I80QUIN0LINB  GROUP  OP  THE  ALKALOIDS. 

Opium  Bases. — In  opium,  the  dried  juice  of  the  green  seed  capsules 
of  poppy  {Fapaver  samniferufn)^  we  find  not  only  meconic  acid  and  me- 
conine  (p.  235),  but  a  series  of  bases,  of  which  may  be  mentioned  : 
Morphine,  C,,H„NO,  (9  per  cent.)        Papaverine,  C-jHj.NO^  (0.8  per  cent.) 
Codeine,  CgH.,NOj  (0.3  per  cent.)        Narcotine,  C„lI«NO^  (5  per  cent.) 
Thebalne,  CJt "n^^s  (^-4  P^'  <^^°^- )       Narcelne,  C^H^Og  (o.  2  per  cent. ). 

The  constitution  of  papaverine^  narcotine^  and  narcelne  remains  unex- 
plained. The  nature  of  morphine,  the  principal  base  of  o\i\uvcv^  ^.wd  \V% 
assodates^  codeine  and  thebafne,  is  not  cerla\tA^  Vwo^iv.    'Wv^^  'w^^^.^ 
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probably  not  isoquinoline  bodies,  but  are  treated,  however,  with  the  other 
opium  bases.  Morphine  is  the  most  important  of  them  from  a  medical 
point  of  view. 

Morphine,  CnH^NO,  +  H,0,  crystallizes  from  alcohol  in  small 
prisms,  tastes  bitter,  and  in  small  quantities  produces  sleep.  It  shows  an 
alkaline  reaction,  and  represents  a  tertiary,  monacid  base.  Its  officinal 
hydrochloride,  C„H,jNO,HCl  +  3H,0,  forms  delicate,  silky  needles.  It 
is  used  to  relieve  \^\n  and  to  produce  sleep. 

The  solutions  of  morphine  and  its  salts  are  colored  dark  blue  by  ferric  cUoride;  the 
solution  in  concentrated  sulphuric  add  acquires  a  blood-red  coloration  on  the  addition  of 
a  little  nitric  acid.  It  is  readily  oxidized,  two  molecules  uniting,  with  the  exit  of  two 
hy(lro(;en  atoms,  to  pseudomorphine,  (Ci^H^NO,),  (A.  294,  206).  It  coutains  two 
hy<lroxyl  (p-oups,  and  deports  itself  as  adihydric  phenol,  forming  salts  with  one  metal  atom, 
but  yielding  diacidyl  derivatives.     It  forms  phenanthrene  on  distillation  with  zinc-dosL 

Apomorphine,  C,.H|,NO,,  results  when  water  is  split  off  from  morphine  by  heating 
the  latter  with  concentrated  hydrochloric  acid  to  140-150^.  Its  hydrochloride  is  applied 
in  the  Iit>eration  of  mucus. 

Codeine,  Methyl  Morphine,  0,^11,7(0.  CH  )^^f  melting  at  150^,  is  contained 
in  opium,  and  is  obtained  from  morphine  by  means  of  methyl  iodide  and  potassium 
hyjlroxidc  (B.  14,  I413). 

Codeine  iixlmethylate,  which  is  also  produced  from  morphine  methyl  hydroxide 
((^unst.  I).  30,  354)  and  methyl  iodide,  yields,  upon  heating  with  alkali,  the  so-called 
methylmorphimethine,  melting  at  US'*.  When  this  is  digested  with  acetic  anhydride 
it  is  resolved  into  acetoxymethoxyphenauthrenc  and  acetoxyethyldimethylamine  (B.  26, 
K.  494;  27.  1 144): 

OH  o CH, no^  O CH, 

oil   ^■»**^'^'    N(CH,)-CH,  ^CH,0^^>*    "^N(CII,)-ill, 

Morphine  I  Codeine 


t 

IK)      .  O  -  (11, no  HO CH, 

(:ii,()^'""'''n((;ii,i,-c:h,     "    '^  CH,o>  "^     "''     N(ch,),-ch,      . 

Melhylmorphimethinc  Oxymethozyphenanthrene         Ozethyldimethy  limine. 

Apocodeine  is  obtained,  like  apomorphine,  from  morphine. 

ThebaVne,  ^jylljiNOj  -.  C„H,^(()CH3),NO,  consists  of  silvery  plates,  melting  at 
i<)}°.     It  breaks  down  into  2CII^CI  and  morphothebaine,  when  heated  with  concen-     1 
traicd  hydrochloric  acid.     This  new  isomeric  l>ase  melts  at  191°  (B.  27,  2961). 

'rh(>l)alnc   or   its  iodinethylate   is  decomposed,  like  codeine,  on  boiling   with  acetic 
anhydride, into  acetylthebaol,  an  acctoxydimethoxyphenanthrene  and  oxethylmethylamine: 

CII.O  (.) (TL  CH-O  HO— CH, 

•    .('iJL  I     ' ->•       '    >CuH,(OH)  4-  I    ' 

CHjO       '*    •     N(C1I,)-CII,  CHjO-^    **    ^^       '  ^  (CiyNH-CT, 

Thehaine  Dimethozy-oxyphenanthrene         Oxethylmethylamiuc 

foiling  dilute  hydrochloric  acid  changes  thebaTne,  a  tertiary  base,  into  the  secondary 
base  Thebenine,  C',,H,5(C)II)(OCIl3)NO.  When  this  is  treated  with  ethyl  iodide  and 
decomposed  with  caustic  (vKash,  methyldiethylamine  and  thebenol,  C,fH,0(OCH,)(OH), 
result.  Pyreiie  (p.  420)  (H.  30,  1357)  is  produced  in  the  distillation  of  thebenol  with 
zinc  dust. 

Papaverine  (i),  Tetramethoxyhenzylisoquinoline^  C,qH«N04,  melts  at  I48®.  Its 
constitution  becomes  evident  from  its  decompositions.  Hot  bydriodic  acid  decomposes 
it  into  4C!Ii^I  and  the  hxss^  papavfrolint  (2).  Potassium  permanganate  oxidizes  it  to 
papiiveralMne  (3),  or  tetramethoxyl)en7.oyliso<iuinoline. 

Papaverine  breaks  down  inlo  vera,tuc  acvd  (^S\  and  dimethyl  isoquinoline  (4)  when 
fused  with  caustic  polas\i. 


NARCOTINE. 


577 


The  oxidadoo  of  papaTeraldine  gives  rise  to  papaTeric  acid,  o-dimethoxylbenzoyl- 
pyridiiie-/!^,y-dicarboxyltc  acid  (6),  dititethoxyisoquinolint  carboxylic  acid  (7),  a^^^y-pyri- 
tHniiri€ari0xylic  acid  (8),  and  metahemipinic  acid  (9)  (G.  Goldschinidt,  B.  ai,  R.  650). 
Compare  the  following  diagram.  The  hydrogen  atoms  are  omitted  from  the  rings  in  order 
that  the  representation  may  be  clear : 


(I) 


I 

-CHr- 


3oao 

(a)  I    

3cao 


'OCHj 


Narcotine  (l),  Meconinehydrocotarnine^  C„H„NO,,  melting  at  176°,  is  separated 
from  morphine  by  potassium  hydroxide,  in  which  it  is  insoluble  (181 7,  Kobiquet).  Boil- 
ing water  decomposes  it  into  cotarnine  (2),  melting  at  132°  (1844,  Wdhler,  A.  50,  i), 
an  amidoaldehyde  and  meconine  (p.  235)  (3).  I'he  latter  yields  opianic  acid  (p.  237) 
and  hemipinic  acid  (p.  242)  on  oxidation. 

Cotarnine  is  an  aldehyde.  It  forms  salts  with  acids,  water  being  eliminated  and  the  iso- 
quinoline  ring  being  closed.  Cotarnine  upon  reduction  becomes  hydrocotarnine  (4),  while 
potassium  permanganate  oxidizes  it  to  cotarnicacid  (5),  a  methylmethylenetrioxybenzene 
dicarfooxylic  acid,  which  yields  methylroelhylcnegallic  acid  (6)  on  being  heated  with 
hydrochloric  add,  and  gallic  acid  with  hydriodic  acid  (W.  Koser,  A.  249,  156 ;  254, 
334;  272,  221).  Nitric  acid  oxidizes  cotarnine  to  apopliyllenic  acid  (7)  (see  B.  29, 
2190).  It  must  be  observed  that  the  position  assumed,  in  the  following  formulas,  for  the 
dioxymethylene  and  methoxy-groups  in  the  isoquinoline  nucleus  is  wholly  arbitrary : 


(l)CH,.0  CH 

H  CH, 


-CH- 


(2)  CHj.O  CHO 

OCo/^  ^H  O^  \/        ,NHCH, 

CHjoL  Jh 

CH,0 


H  CH, 


(4)  CH^O  CH, 


(5)  CH,.0 


o/^^v/    >^NCH,  o/^    >jCO,H 

CI%oL      yK.      y/CH,  CHjoL         JcOjH  C 

H  CH,  H 


(6)  CH,0 


^x>" 


(7) 


CH 

CO.H.C  N<^"» 

CO.C  CH 


U'^49 
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In  the  attempt  to  prepare  narcoUne  by  condensing  opiank  add  and  liydiocotir- 
nine  with  sulphuric  acid  an  isomeric  isonarcotine,  melting  at  194^,  resnlted.  It 
may  be  recognized  by  the  red  coloration  it  gives  with  coocentimted  H^^  (B.  ag,  183, 
2040). 

Narc^ne  (2),  CnH^NO,  +  3H,0,  melting  at  i;©*,  and  when  anhydrous  at  140- 
145°,  occurs,  together  with  narcotine,  in  opium,  and  b  fonned  when  the  iodmethylate  (l) 
of  narcotine  is  acted  upon  with  caustic  pciash  (A.  a86,  248): 


(i)  CH,0  CH 


-CH- 


(2)  CHg-O  CH, 


o/^\/\n.(ch,),i    oco/Nh      ^  °fY^     r^^'^'  co^/Nh 

CHjoL         Jv      yJcH,  CHjoL         Jh       CH,oL         Jv         JcH,  CHgoL        Jh 

II  CH,  CHgO  H  CH,  CH,P 

Hydrastine  (i),  C„H,,NO„  melting  at  132®,  [o]d  =  —  67®  in  chloroform  (1851,  Du- 
rand) ,  occurs,  together  with  berberine,  C^H^NO^-j-  5|iH,0,  melting  at  120°  (it  is  foand 
with  hydrastine  in  Berberis  vulgaris) ,  id  the  roots  of  Nydrasiis  canadensis^  a  North 
American  plant  belonging  to  the  Ranunculacese.  It  is  constituted  similarly  to  narcotine. 
When  acted  upon  by  oxidizing  agents  it  breaks  down  into  opianic  acid  (3)  (p.  237)  tnd 
hydrastinine  (2),  melting  at  116°,  which  carries  the  hydrastine.  Hydrastine,  like 
cotariiine,  is  an  aldehyde.  Reducing  agents  convert  it  into  the  corresponding  alcohol, 
which  at  once  loses  water  and  becomes  hydrohydrastine  (4),  Bz-2,3-methylenediox7- 
tctrahydroisoquinoline.  Potassium  permanganate  oxidizes  hydrastinine  first  to  oxyhy- 
drastininc  (5),  then  to  hydrastininic  acid,  which  nitric  acid  converts  into  the  methyl 
imide  uf  hydrastic  acid  (6)  or  normetahemipine -methylene  ether  acid.  Hydrastinine 
itself,  like  cotaniine,  is  oxidized  by  nitric  acid  to  apophyllenic  acid  (6).  The  isoquinoline 
ring  is  present  in  the  salts  of  cotarnine  and  hydrastine.  The  formation  of  salts  follows 
in  consequence  of  the  exit  of  water  (W.  Roser,  A.  249, 172;  Freund,  A.  271,  311): 


(0 


CH, 


t  t 

H  CH CH (2)  H  CHO  (3)  CHO 

^0|^>|/     >|NCH,    O.CO/^\h  ^^X^X^       tNH.CH,  CO,H/^>|H 

H  CH,  CH,0  H  CH,  CH,0 


The  synthesis  of  hydrastinine  was  effected  in  the  following  manner:  Piperonal- 
acetalamine  (i)  condenses  with  sulphuric  acid  to  Bz-2,3-methylenedioz3ri8oquinoline, 
melting  at  124®  and  boiling  at  215®  (50  mm.),  which  becomes  hydrohydrasnnine  (see 
alK)ve),  melting  at  60-61^,  upon  reducing  its  iodmethylate  (3^,  melting  at  244**,  with  tin 
and  hydrochloric  acid.  Potassium  bichromate  and  sulphunc  add  change  the  hydro- 
derivative  back  to  hydraslmme  ^¥i'\\scVi,  K.  oRfe,  \%y» 
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CII,      CH        H 
Berberine. 


Berberine  is  even  more  complex  in  its  constitu- 
tion than  hydrastine.  The  constitutional  formula, 
here  presented,  has  been  deduced  from  its  decom- 
position reactions  (Perkin,  Jr.,  B.  24,  R.  157).  The 
position  of  the  dioxymethylene  group  in  this  formula 
is  based  upon  the  synthesis  of  oxyhydrastinine  from 
the  decomposition  products  of  berberine.  l%e  con- 
stitution of  oxyhydrastinine  has  been  determined  by 
its  conversion  into  hydrastic  acid. 


B.  POLYHETERO-ATOMIC  SIX-MEMBERED  RINGS. 

AZINES. 

Polyhetero-atomtc  six-membered  rings,  containing  oxygen  and  sulphur  as  ring  mem- 
betSp  occur  in  m  series  of  bodies  which  have  already  been  discussed  at  the  conclusion  of 
allied  bodies.  Dialkylen  ethers — €,g.^diethyUne  oxide  (i,  298) — and  the  anhydrides  of 
a-oxjacids — i.g.^gfycoilide,  diglycollic  anhydride  (i,  339) — contain  rings  consisting  of 
Ibnr  carbon  atoms  and  two  oxygen  atoms.  The  six-membered  ring  of  diethylene  disui- 
phide  (I,  305),  and  of  thianthrene  or  diphenylene  disulphide  (ii,  518),  contains  two 
ralphnr  atoms,  while  three  oxygen  atoms  or  three  sulphur  atoms  are  present  in  the 
polymeric  aldehydes  and  the  thioaldehydes — e.g.^  trioxymethylene  ^  triihiomethyUne^ 
paraldehyde ^triihioaldehyde  (I,  194,  203),  etc.  (see  li,  441). 

Those  members  of  this  division  containing  N-atoms  as  ring  members 
require  more  exhaustive  consideration.  This  was  done  also  with  like 
bodies  of  the  five-membered  series.  They  may  be  regarded,  like  the 
azoles,  as  derived  from  furfurane,  thiophene,  and  pyrrol  by  the  replace- 
ment of  methine  groups  of  monoheteroatomic  rings,  and  accordingly 
they  can  be  grouped  under  the  common  name  of  azines. 

The  oxaztneSf  oxdiazines  (azoxazines),  and  dioxdiazines  are  then  the 
rings  with  the  hetero-atoms :  N  and  O,  2N  and  O,  2N  and  2O  ;  the  thia- 
lines  and  thiodiazines  (diazthines)  are  the  rings  with  the  hctero-atoms  S 
and  N,  S  and  2N,  and  the  diazines,  triazines,  and  teirazines  are  the  six- 
membered  rings  with  2,  3,  and  4  N-atoms.  The  place  isomerides  of 
diheteroatomic  azines  are  distinguished  according  to  the  ix)sition  of  the 
hetero-atoms  with  reference  to  one  another  by  the  prefixes  ortho-, 
meta-y  and  para-.     Thus,  the  three  possible  diazines  as  arthodiazincy 


\ 


J. 


,  and  paradiazine^ 


:C  — N  — C: 


C  — i— N  .    ,.     .        :C  — N— C: 

t.c-]!j'  ^^'^^^^^^^'  :(i-.c-(!:. 

Ill  B 

(B.  aa,  2083 ;  A.  249,  i  ;  J.  pr.  Ch.  38,  185) ;  the  oxazines  as  orihoxa- 
utus^  metoxazines^  paroxazines ;  the  thiazines  as  orihothiazines^  meta- 
HuauneSi  and  parathiaunes. 
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The  parent  substances  of  ini|>onant  classes  of  dyes  :  cocof^tte  nmft* 
fin^  methylene  hlu<,  totuyUnt  rtd^  sa/ranines,  miluiints,  arc  the  dibcMO- 
detivstivci  uf  the  paio3ca*ia^,  paiatbia^mcs^  and  paradia£itic&. 

I.  OXA2JNES* 

A,  The  ring  of  ortboxazine,  *  t  ,  is  pt^sent  m  the  oxime  tnhydrides ef  ik 

'        *            ,  ,          .        C»H^CH:CH-CH,^CO 
ytlcUhydo-  And  >  keiooic  acids— ^.^.,  benwd  lirro^imc.  i ^  j^  _  q 

{p.  3SS)«  wbkh  bear  the  &VDC  r^Udou  lo  the  oximc  anhydrides  of  the  ,3  keloflk  lod^ 
l}ie  lAOJijUoloQA  (p.  495),  **  ^^*=  *S-tactciiic*  Iq  the  ^ -lactones  (B.  15*  i9JP)-  TU  "**! 
fi»rriiiHron  of  I  he  oi^inies  of  Q'tienialdfhyde  and  o- be  n£o- ketone  cArboKjlic  «cid»  ocean 
^Uhoui  difl^cuttj,     DerifatiTes  of  htt^sGrtkox^sina  axe  produced  :  BcnxorthoxViDOO. 

ti  BmmiJ^xime  carUxyHc  anhydride,  ^^^\^^  _  o  *  ^  derived  6oin  phthdiJdtbjtijc 

ftcid  (p.  2j6),  It  readily  rearranges  ilself  to  die  i^meric  pltth&limide  {B.  04,  2347)- 
There  is  an  intermediate  format  Joo  of  o-cyanbenroic  acid  (see  the  indoxaieii^  p,  495)' 
Beiuomethylorthox«zinoilt  Q-Afehi/Atmvtaxime  ^ardifxy/k  ankydrid*, 

B.  The  folio  wing  contain  the  Metoxasine  ring.  A,       1        ^       ' 

I.  The  perUoxasoliniSf  which  are  produced  by  the  splttting-oflf  of  HBr  from  the 
y-bromalkylanaides.  This  is  similar  to  the  formation  of  the  fiTe-membered  oxaxoUnes 
(p.  503)  from  the  ^-broroalkylamides  (B.  24,  3213) : 

CH,— CH,— NH  CH,— CH,~N 

J.  I  >^  Jl  E 

CHjBr        OC .  C-Hj  CH,— O CCLH5 

y-Brometbylbenzamide  f&>Phenylpentoxazoline. 

//•Phenyla-methyl  Pentozazoline,  C.H5N0(CH,)(C;H5),  and  ft-Phenyl «-di- 
niethyl->-methyl  Pentozazoline,  C4H,N0(CH,),(C;H,),  melting  at  32**,  are  obtained 
from  y-chlorbutyl-  and  y-bromisohexylDenzamide. 

/i-Allylamido-  and   /iphenylamido-7-methyl  Pentoxaxoline,  or   n-ai/yl  «k1 

n  />4^^y  butyUtU'^l^-urea,  \  I  ,  arc  obtained  from  y-chlorbiityl 

CH(CH,)  —  O C(NHR) 

amine  by  means  of  allyl-  and  phenyl -mustard  oil  (B.  ag,  1428 ;  30,  1319). 

II.  Derivatives  of  benzometoxazine  or  phenpentoxiMwlme  are  formed  from  o-amido- 
benzylhalogenides  (p.  180)  and  acid  anhydrides  (B.  t7,  3515): 

^  „      CH.Br  CH,— O 

o-Amidobenzyl  Bromide  ffc-Methylphenpcntozazolioe. 

The  cQumazonic  acids  (p.  236  and  B.  16,  2585)  also  belong  bere-^.^.,  ^-Methyl 
Coumazonic  Acid,  BenzatrimethylmetoxoMim,  C;H^<^(^"»>« ~ ^  ^jj  .melting  at 
2i8<»,  and  ij.Phenyl  Coumaxonic  Acid,  BeHModiMutkyi-ii'Pkmyiiiui^xaumt. 

*Xn  -  /•   r-  Ti »  melting  at  220®,  which  have  been  obtained  from  3amido- 


'^-•^  - 
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4-0iKypro|iylbcni0ic  Add  with  acetyl  chloride  and  benzoyl  chloride.    Carbon  dioxide  is 


The  imido-  and  thuhcoHnuuones  are  deriTatives  of  dihydrabensometoxanfu.  The 
fanner  resolt  upon  the  exit  of  water  from  the  urea  derivatives  of  o-amidobenzyl  alcohol 
(n.  l8<),  the  latter  by  the  action  of  CS,  upon  the  alcoholic  solution  of  o-amidobenzyl 
•loohcM  and  related  compounds : 

/CH.OH        /CH,  O  ^CH.OH  CH.O 

'^"♦^NH.CO.NH.CVV^    ^^NH.i:N.C;H,  ^"♦^NH,      ^^'"'^NH-Cis 

Pheuylimidocoamazone  Thiocoumazone. 


The  imido-ooomazones  are  isomeric  with  the  keto-tetrahydroquinazolines  (p.  592), 
ad  when  digested  with  aromatic  amines  become  quinazoline  compounds  (p.  589).    The 
O-member  is  replaced  by  NR.     The  thiocoumazones  behave  similarly  (B.  27,  2424). 

Phenylimidocoumazone,  Benzodihydrometoxazine  anily  CgH^ON  :  (NQII^),  melt- 
ing at  146^  (B.  aa,  2938),  forms  stable  salts  with  acids;  with  acid  anhydrides  and 
mofides  it  3rields  addition  products.  Thiocoumazone,  Benzodihydrothiometoza- 
sine,  C^HfON :  S,  melting  at  142^,  is  an  acid,  and  forms  a  sparingly  soluble  potassium 
lalt  (B.  15,  2979;  27,  1866). 

N~C  — C 

C.  Parozaaines,  1  A  *  ^'  ^"^^  saturated  derivatives  of  the  simple  nucleus 

■re  known.  The  following  are  tetrahydroparoxazims  :  Morpholine  (l,  310)  and  its 
alkylic  compounds.  n-Benzyl  Morpholine,  boiling  at  261°,  is  produced  from  dibrom- 
cthylbenzylamine,  and  also  from  chlorethylbenzylamine  (R.  24,  R.  821 ;  29,  2386). 
DigljrcoUo-imide  and  the  derivatives  of  isomeric  diglycollamid-anhydride  (B.  25, 
2272)  are  dikeioietrahydroparoxazines  : 

0<ai:Z^ri;>N"  0<CH.^g>NH  0<Cg2g|||>NH 

Morpholine  Diglycollo-imide  Diglycollamid-anhydride. 

o— cn, 

II.  Bentoparoxazifu  yields:    /3-Phenylbenzoparozazine,   C,H4<  1  , 

melting  at  103^,  and  ^-methylbenzoparoxazine.    They  are  obtained  by  the  reduction 

r\  fit    ca  c  T-i 
of  0-nitrophenylphenacyl  ether,  C,H4< j^q      " '        *    •    *,  and  o-nitrophenacetal  (B.  23, 

o — ^cn, 

172).     Benzomorpholine,  C,H4<C*,,t      JLwt  » bo>J>ng  ^^  268®,  is  made  from  o-oxethyl- 

'  O CO 

amidopbenol  (p.  152).    Benzoketomorpholine,  C^U^<^  1      ,  is  produced  by 

reducing  glycol-o-nitrophenyl  ether  acid,  C,H^(N0j)0CH,C001i  (B.  20,  1943). 

III.  The  group  of  dibenzcparoxaztne  or  phenoxazincy  benzonaphtho-y 
and  dinaphthoparoxazine  has  been  more  fully  developed.  A  series  of  im- 
portant dyes  belongs  to  it : 

Phenoxazine,  q,H4<j^j>C,H4,  melting  at  148^,  is  produced  on  heat- 
ing o-aroidophenol  with  pyrocatechol  (p.  i6o). 

The  dyes  of  the  phenoxazine  group  contain  quinone  unions  (p.  167). 
They  may  also  be  regarded  as  quinone  anils,  indophenols,  or  indamines 
(p.  174),  in  which  the  two  nuclei  are  further  united  by  an  oxygen  atom 
in  the  ortho-position  with  reference  to  the  tertiary  nitrogen  : 

O :  C;!!^  =  N-C,H^OH  O :  C,lI,^^C,H,OH 

Indopbenol  Ozyphenozazone  (Resonifin). 
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The  parent  bodies  of  the  phenoxazine  dyes  are  distinguished  asphtnox- 
azonesy  or  phenoxadnes  (B.  25,  2995),  depending  upon  whether  they  are 
quinone-monimide  or  di-imide  derivatives.    They  are  produced : 

1.  Upon  condensing  o-oxyqutnones  and  o-oxjqoinone-imides  with  o-amidopheiiols. 
The  oxy-p-quinones  of  the  naphthalene  series  are  mainly  best  adapted  for  these  conden- 
sations (B.  a6,  2375;  28,  353) : 

o  =  c.,H./^"  +  „°^;;>c;h,  —^  0:C„h/^>c;h, 

a.o-Oxynaphthoquinone        o-Amidophenol  Naphtbophenoxazone. 

2.  Oxy-  and  amido-derivatives  of  the  phenoxazones  and  phenoxazimes, 
the  real  dyes,  result  by  the  condensation  of  quinone  dichlorimides,  nitro- 
sophenols,  or  nitrosodi methyl  aniline  with  polyhydric  phenols  or  tertiary 
amidophenols : 

0:C1I,C     +     ;;o>»H.OH-^— V0:C;H.<^>CH.0H 

Nitrosophenol  Resorcinol  Oxyphenoxazone. 

Resonifin,  Ozyphenozazone,  O :  C0H,(NO)C,H,fOH),  is  prodaced  when  nitric 
acid  containing  N,0,  acts  upon  an  ethereal  solution  of  resorcinol  (p.  160)  (Weselsky, 
A.  162,  273) ;  and  from  nitrosoresorcinol  by  means  of  resorcinol  (B.  24,  3366).     Rem- 

zuriney  O  :  QJl\^'(^  ^C,H,(0H),  is  an  intermediate  product  in  this  reaction.     The 

alkaline  solutions  of  resonifin  are  rose-red,  with  a  magnificent  cinnabar-red  fluorescence. 
Orcinifin  is  obtained,  like  resonifin,  from  orcinol  (p.  162).  Gallocyanine,  Dimethyl- 
amidooxyphawxazon-carboxylic  acid,  N(CH,),  .  C,Hj(N03C;H(0H)C00H  :0,  is  pro- 
duced by  the  nction  of  nitrosodimethylaniline  upon  gallic  acid  (p.  230).  With  mor- 
dants, especially  chromic  oxide,  it  forms  violet-colored  and  stable  lakes  (calico  printing). 

Chloroxydiphenoxazone,  CglI^(NO)CgHCl(OH)  :0,  melting  with  decomposition  at 
235°,  is  obtained  from  p-dioxychlorquinone  and  amidophenol  (B.  26,  2375). 

Naphtbophenoxazone,  O  —  C,oH5(NO)C.H^,  melts  at  192°.  Naphthophenoxa- 
zine,  NH  :  C,nn5(NO)Cj!l^,  melting  at  243°,  is  prepared  from  o-amidophenol  and  oxy- 
na))l)tho(iuinone  imide  ^p.  407). 

Dimethyl  Naphthophenoxazime  Chloride,  C,oHe(NO)C,H. :  N(CH3),a,  from 
/?  naphthol  and  nitroso<limethyl  aniline,  is  the  so-called  napktholllue^  which  dyes  cot- 
ton mordanted  with  tannin  a  violet  blue  (B.  23,  224'j).  Nile  blue  is  an  amido-deriva- 
tive  of  naphthol  l)lue,  while  cyanamine  is  an  anilido-derivative.  For  other  derivatives 
consult  A.  289,  90;   I>.  29,  R.  1000). 

Ox)rphenoxazime,CgTI/>>CjH2<^,  results  from  the  oxidation  of  o-amido- 
phenol.    It  condenses  to  triphendioxazine,  CjII^^^C^Hj^yC^H^,  with  another 

molecule  of  amidophenol  (p.  153  ;  B.  23,  182 ;  27,  2784).  See  B.  29,  2076,  for  methyl 
triphendioxazine. 

2.  THIAZINES. 

C  — C  — N 

A.  Orthothiazines :   j  j  ,  are  not  known. 

C  — C— S 
(„)C-N-C(//) 

B.  Metathiazine,       ([; q jl;  The  following  bodies  are  derived  from  this 

m  (^) 

ring : 
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I.  The  penthiazolitifs^  corresponding  to  the  pentoxazolines.  They  are  prepare*!  from 
the  >-baloid  alkyhhiobeDzamides. 

CHj.CHj.N 
/^-Phenyl  Penthiaxoline,  I  a  ,  melting  at  45^,  is  obtained  from 

CH| ,  S C .  Cf Hg 

Ihiobeimmide  (p.  204)  and  trimethylene  chlorbromide  (B.  26,  1077).  /i-Phenyl-a- 
dimethyl-y-methyl  Penthiazoline,  C4H,NS(CH,),(C0H.),  melting  at  34^  is  derived 
fipom  T-bromisoh^xylthiobenzamide.  ^-Mercapto-x-methyl  Penthiazoline  and  -y- 
inetiiyl-aMi^*£^yl  Penthiazoline,  melting  at  131^  and  at  180°,  are  made  from 
y-cfaloibatylamine  and  y-bromisohexylamine  by  the  action  of  carbon  bisulphide  (B.  29, 
1429 ;  30,  1321 ;  see  also  B.  29,  R.  648  and  684). 

CH,  — CO  — NH 
Diketopenthiazolidine,  Sinapan-propionic  Acid,   1  J,     t  meltmg  at 

159^,  results  when  ^-iodpropionic  acid  acts  upon  xanthogenamide  (B.  24,  3848). 

II.  Derivatives  of  benzometeUhiazine  or  phenpenthiazoU  are  produced  in  the  interaction 
of  o-amidobenzyl  haloids  and  carbon-thiamides  (pp.  180,  204)  (B.  27,  3519) : 

CH,Br  CH,— S 

^"«<NH.      +»«*'^-^«'— *^^*«'<N-L<!:.CH.. 

/i-lCethyl  Phenpenthiazole,  melting  at  46^,  is  produced  by  the  action  of  P^Ss  upon 
^methyl  phenpentoxazole ;  also  from  o-acetylamidobenzyl  alcohol  and  P^S^,  as  well 
ai  from  o-acetylamidobenzyl  sulphide  and  PCI5.  Consult  B.  30,  1143,  for  other 
dcriTatiTes. 

The  imiih-  and  thio-coumothiazoms^  corresponding  to  the  imido-  and  thiocoumazones, 
belong  here.  Like  them,  they  result  from  the  action  of  CS,  and  alcoholic  potash  upon 
tbe  tUo-orea  derivatives  of  o-amidobenzyl  alcohol^or  amidobenzyl  alcohols  in  general 

NH  — CS 
Thiocoiimothiazone,^rMf0</fi4tjW>'^^i(yMMsi»/,CfH^<  i    ,  melting  at  i66°, 

CHj —  S 
b  an  acid.     It  forms  n-phenylthiotetrahydroquinazoline  when  boiled  with  aniline,  the 
ring  iulphor  atom  being  replaced  by  NC^H.  (pp.  581,  592).     Imido-coumothiazone, 

^,,      NH  — C:NH  Nr^C.NH,       ,. 

BemyUne-if-thtourea,  QH,<^      _  ^  or  CeH,<^,^  __  ^  \  meltmg  at  1370, 

is  produced  in  the  reduction  of  o-nitrobenzyl  sulphocyanide,  as  well  as  from  o-amido- 
benzyl  chloride  and  thiourea.  Potassium  permanganate  oxidizes  it  to  a-quinazolon, 
while  digested  with  aniline  it  forms  phenylimido-coumothiazone,  benzodihydrothiazine 
amilf  melting  at  197^,  which  results  upon  expelling  water  from  o-oxytolylphenylthiourea 
(B.  22,  2933;  27,2429). 

C  — N— C  NH— CO 

C.  Parathiazine,   I  t  :  Ketodihydrobenzothiazine,C0H^<  Au  f  is 

a  benio^erivative  which  may  possibly  originate  from  this  ring.  It  melts  at  179°,  and  is 
produced  by  the  interaction  of  o-amidothiophenol  and  brom-acetic  acid  (B.  30,  607). 

The  symmetrical  dibenzo-derivatives — ^.  g.,  dibenzo-  and  dinaphtho- 
parathiazine^  or  thiodiphenylamine  (p.  So),  and  thiodinaphthylamine  (p. 
396) — ^are  more  important.  Thiodiphenylamine  corresponds  to  phenox- 
azine  or  dibenzoparoxazine  (p.  581),  and,  like  the  latter,  is  the  parent  sub- 
stance of  a  series  of  more  important  dyes,  among  which  is  the  very 
valuable  methylene  blue. 

c 

Thiodiphenylamine,  CfH4<^ll>C^H4,  melting  at  150°  and  boiling  at  370^,  is  pre- 
pared analogously  to  phenoxazine  by  heating  o-amidothiophenol  and  pyrocatechol  to 
220^.  An  easier  course  consists  in  heating  diphenylamine  to  250^  with  sulphur  or 
S|CL  (B  21,  2063).  It  is  a  neutral  body,  the  imide  hydrogen  of  which  can  be  replaced 
bjalkyl  and  acid  radicals.     See  B.  24,  2910,  for  the  urea  derivatives,     Tetrachlor- 
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thiodiphenyUmine  melts  at  235°  (B.  9g,  1363).    Nitric  add  cnidnes  thiodiphenyl- 

SO 
amine  to  nitrodlphenyUmine  sulphozide,  C,H4<mgu>C^HgN0|,  which  can  be  re- 
duced to  tumidMiodiphtnylamme,    The  redactioo  of  dinitrpd^ktnyismi^ktxide  yields 
DiamidothiodiphenyUmine,  Lnuothwmme^  NH, .  C^Hg<^l^>C,H3NH^  which  if 

produced  on  heating  P|-dianiidodiphenylamine,  (NH,C^HJ,NHy  with  sulphur.  It  is  the 
leuco-base  of  the  simplest  thionine  dye  into  which  it  can  be  cooverted  by  ozidatioo 
with  ferric  chloride.  The  tetramethyl  derivaHvt  of  lencoChlonine  ie  '.^eleooo-baseof 
methylene  bine  (see  below). 

The  dye-substances  of  the  thiodiphenylamine  group  contain  quinone 
unions.  Like  the  paroxazine  dyes,  they  are  to  be  viewed  as  indophenol 
and  indamine  derivatives,  in  which  the  two  phenyl  groups  are  further 
united  by  sulphur : 

Nil, .  CeH^— N  =  ZJl\  :  NH ^ >-  NH, .  C,H,/^^H,  =  NH 

Phenylene  Blae  (p.  174)  Laath's  Violet. 

The  phenthiazimes  and  phenthiazanes^  like  the  phenoxazimes  and  phen- 
oxazones,  are  distinguished  according  as  they  represent  quinonediimide 
or  monimide  derivatives.  Lauth's  dye-substances  belong  to  the  phenthia- 
zimes (Bernthsen,  A.  230,  73;  251,  i).  They  result  upon  oxidizing 
paraphenylenediamines  in  the  presence  of  hydrogen  sulphide.  It  is 
probable  that  indamines  occur  as  intermediate  products  (p.  174)  : 

2NH,C.H,NH,  -:^^    NH,C,H,/^^C,H.:NH. 

Another  procedure  which  may  be  adopted  in  the  preparation  of  these  dyestuffs  is 
based  upon  the  fact  that  indamines  and  thiosulphuric  acid  jrield  thiosulphonic  acids, 
which  change  to  the  leuco- bases  of  the  thiazinc  dyestufTs  upon  boiling  them  with  dilute 
acids.  Therefore,  the  dyestuffs  can  l)e  obtained  by  oxidizing  a  mixture  of  one  molecule 
of  p-diamine  with  one  molecule  of  a  monamine,  which  form  the  indamine,  in  the  presence 
of  a  thiosulphate.  Thiazones  are  produced  when  p-amidophenols  are  oxidized  in  the 
presence  of  hydrogen  sulphide. 

Amidophenthiazine,  Thionine,  Lauth's  Violet,  NH,.  C:;H,(NS)C,H,:  Nil,  b 
obtained  from  p-phenylenediamine,  and  also  from  its  leuco-base,  diamidothiodiphenyl- 
amine,  by  oxidation. 

Methylene  Blue,  Tetramethyiamidophenthiazimium  chloride ,  (CHj),- 
N.  CflH:,(NS)C6Hs :  N(CH5).^C1  (Care,  1877),  results  upon  oxidizing  two 
molecules  of  dimethyl-p-phenylenediamine  in  H,S-solution,  or  one  mole- 
cule of  dimethyl-p-phenylenediamine  with  one  molecule  of  dimethyl 
aniline  and  thiosulphate. 

It  dyes  silk,  or  cotton  mordanted  with  tannic  acid,  a  beautiful ^j/  blue, 
Phenthiazone,   CqII4(SN)C^II,0,  results  upon  oxidizing  oxythio-diphenylamine. 

Oxyphenthiazone,  Thionol,  IlO.  CfH,(NS)CeiI, :  O,  is  produced  on  boiling  thionine 

with  dilute  acids  or  alkalies. 

3.  DIAZINBS. 

(4)  (3)      ^^      ^ 
C  —  C  —  N  (2) 

A.  Orthodiazines,    1  h  t  \'    ^'  Orthodiazinc  or  Pyridasine,  C^H^N^ 

(5)  (6> 
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^  at  8^  and  boiling  at  208°,  may  be  prepared  from  its  tetracarboxylic  acid,  the 
CfiMafifw  product  of  dibenzorthodiamine  or  phenazone  (p.  587) : 

»C=CH— C— N=N— O— CH=CH  COOH.C— N=N— C— COOH  HC=CH— N 

■I  I  I  I       >-  I  II  >-        I  II 

^  "  -C — CH=CH  COOH.C C — COOH  HC=CH — N 

Pyridaxine  Tetracarboxylic  Acid  Pyridazine. 

^fridazine  is  an  oil  with  an  odor  like  that  of  pyridine.  It  forms  very  soluble  salts, 
aad  addition  compounds  with  AuG„  HgCl,,  etc.  P3rridazine  Dicarbozylic  Acid, 
C|^I,N|(CO,H),,  melting  with  decomposition  at  205°,  is  obtained  from  the  dipotassium 
auC  of  the  tetracarlmxylic  acid. 

3^6-Triphenyl  F^dazine,  C4H(C^H5),N„  melting  at  171°,  is  readily  produced 
hf  OKidiziog  its  dihydro-derivative. 

DikytlrofyridoMines  are  formed  from  the  14-diketones  and  hydrazines,  either  without 
m  together  with  the  n-amidopyrrols,  which  are  to  be  expected : 

P,H..  CH  -CO  .q,H,  CeH,C=C(CeH,)-NH 

<!:h,-co  .  qh,  "^  ^  •  •  ^  •       ^       tH=c(c,H,)-i!ni* 

3^6-Triphen7ldihydropyni2ine,  melting  at  187^,  becomes  pyridazine,  by  heating 
b or  by  treatmg  it  with  chromic  acid.  1,34,6-Tetraphenyldihydropyridazine,  C^\{C^- 
HAM^y  melting  at  149**,  is  obtained  from  desylacetophenone  and  phenylhydrazine.  it 
fields  1,3,4-triphenylpyrazole  (p.  483)  (A.  289,  310)  upon  dry  distillation : 

C,H,C=C(C,Hj)-NH  C^H^C 0(0.11,)^ 

in  =c(c,Hj)-i!r(c,n5)      ^       cn-NCCeH^)/^* 

See  below  for  the  ketodihydropyridazines  or  pyridazones. 

The  ring-homologues  of  the  pjrrazolones  are  ketotetrahydropyridazines  or  pyridazi- 
tunes  (B.  28,  R.  68),  and  as  these  are  formed  from  the  hydrazones  of  /9-ketonic  esters, 
so  the  pyridazinones  are  prepared  from  /-ketonic  ester  hydrazones  (p.  126) : 

CH,-CH, .  COOR  CH,— CO N .  CgH^ 

CH,(!:=N— NH .  QHj  ^  (iH,-C(CH,) =N 

Phenylhydrazone  of  Lsevnlinic  Ester  x-Pbenyl-3-methyl  Pyridazinone. 

The  pyridazinones  are  not  so  stable  as  the  pyrazolones. 

Pyridaxinone,  C^H.ON,,  is  an  oil,  boiling  at  170°.  It  results  from  saponification  and 
by  the  remoral  of  CO,  from  pyridazinone-3-carboxylic  ester,  C^HjON,.  CO,R,  melt- 
ing at  172^.  This  is  a  condensation-product  of  hydrazine  with  succinylo-formic  ester,  or 
fonnyl  succinic  ester  (B.  28,  R.  239).  Pyridazinone  is  readily  decomposed  by  boiling 
alkalies,  with  the  splitting-offof  hydrazine.  3-Methyl  Pyridazinone,  melting  at  94°,  and 
3-Phenyl  Pyridazinone,  melting  at  149°,  are  prepared  from  bevulinic  ester  and  benzoyl 
propionic  ester.  3-Phenylpyridazinone  5-carboxylic  ester,  melting  at  156°,  is  ol)tained 
from  benzoyl  propionic  ester  and  hydrazine  hydrate  (B.  28,  R.  68).  I-Phenyl- 
3methyl  Pyndazinone,  C4n.(CH,)ON,C,H.,  melting  at  107°  and  boiling  at  340-350**, 

CH— CO N.CeHj 

yields  i-Phenyl-3  methyl  p}rrida2one,  N  I  ,  on  treatment  with 

CH  —  C(CH,)  —  N 
FCL  and  ice-water.  It  contains  two  atoms  less  of  hydrogen.  It  melts  at  82°.  Phenyl- 
metkyUhiorpyridazone  is  formed  at  the  same  time,  and  can  be  converted  by  NaOC,H5 
mio  ethoxyphenylmethylpyridazone.  This  on  saponification  becomes  oxy phenylm ethyl- 
PyrUoMmUy  which  sustains  rearrangement  into  i-phenyl-3-methylpyrazole-5-carboxylic 
acid  on  being  heated  to  170°  with  hydrochloric  acid  (p.  485) : 

C(OH)— CO N .  CjHj  coon .  C N(CgH5)^ 

CH C(CH,)=if  CH— C(CH^)^ 
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CH  — CO  — NH         ,.         ^  «    .     ^.^      _ 

Maleic  Acid   Hydrazine,  n  |     ,  melUog  above  250^,  is  diietpietra- 

CH  — CO— NH 
hydropyridazine^  which  is  formed,  together  with  isomeric  maleic  hjdrazil»  or  n-amido- 
maleln'tmide,  from  maleic  anhydride  and  hydrazine  (B.  a8,  R.  429).     DikHohexakydr^ 
pyridazines^  or  ortho-piptrazmes^  are  cyclic  hydrmzides  of  the  succinic  acid  series,  which 
are  produced  on  healing  the  chlorides  of  these  acids  with  the  hydrazine  hydiochloridei 

CH,  — CO  — N.CLH. 
(p.  129):  n  Phenylortho-piperasonc,  ^^  _c0_jJjh  (»•  449)- 

II.  Benzorthodiazines. — ^There  are  two  isomeric  benzorthodiazines, 
depending  u|)on  whether  the  l)enzene  ring  attaches  itself  to  the  C-atom 
(3)  and  (4)  or  (4)  and  (5)  of  orthodiazine.  The  cinnolines  and 
phthalazines  corresix)nd  to  these  two  isomerides : 

Cinnoline  Pbthalazine. 

/CII    -  CH 
Cinnoline,  Cjll^^  1     ,  melting  at  39**,  is  a  strong  base.     It  is  poisonous. 

Its  iodmethyhUe  melts  at  168°. 

All  the  cinnoline  derivatives  known  at  present  have  been  obtained  from  oxycinnoline 
carboxylic  acid,  C'gII^[(„N,(()n)(C()01 1)],  melting;  at  260°,  which  is  produced  oo 
<!ij»esling  ophenylpn»iiioIic  acid  diazochloride  with  water  (p.  284): 

CM  /••     ^^   ^■'>^>"  —^  C..I /^(°">-?-  ^^». 

*    *\N,(()H)  •    *\N N 

The  acid  loses  CO,  and  Incomes  oxycinnoline,  C,HjN,(OH),  melting  at  225®. 
Y^\  converts  this  int«)  chlorcinnoline,  Cyll^NjCl,  the  chlorine  atom  of  which  may  be 
easily  replaced  hy  Oil,  OC^II.,  NHCqHj,  etc.  Iron  filings  and  sulphuric  acid  reduce 
clilorciiinoline  to  dihydrocinnoline,  ^-^^^(CjH^N,),  melting  at  88°,  which  mercuric 
oxide  oxidi/es  to  cinnoline  (l>.  25,  2847;  30,  521). 
/CII  :-  N 

Pbthalazine,  Cgliy  1  ,  mehing  at  91°,  and  boiling  at  316°  (its  chlorhydrate 

melts  at  231°),  is  produced  when  a  hydrazine  solution  acts  upon  u-tetrachlor-,  or,  better, 

/CHBr,       H,N  /CH  =  N 

tetrabrom-o-xylene  (p.  233) :  ^'el^^^.^j^/  "*"  H  k  "^  ^*  *\CH  =  k  ^'*^*' 
zine  an<l  methyl  iodide  form  an  iodrnethylaUy  CgH,N, .  ICH,,  melting  at  235-240®, 
which  silver  oxide  converts  into  n-methylphthalazone,  and  caustic  potash  into  n-methyl- 

plithalazone  and  dihydro-n-methylphthalazine,  C^H^^  1         ,  which  oxidiies 

very  rapidly  in  the  air  to  n-methylphthalazone  (see  the  allied  rearrangements  of  the  alkyl 
rininolinium  iodides  (p.  544).     Sodium  amalgam  reduces  pbthalazine  to  tetrahydro- 

/CIK.NH 
pbthalazine,  C^H^^  1      ,  while  with  zinc-dust  and  hydrochloric  add  the  product 

is  o-xylylene  diamine,  C^lf  JCH^NII,),  (B.  26,  2210 ;  a8, 1830, 2210).  Chlorphthala- 
zine,  C^lI^(C^nc'lN,^,  melting  at  113°,  as  well  as  methyl-,  propyl-,  and  isobutyl 
cblorphthalazone,  meltin|T  at  130°  and  67°  (the  third  being  an  oil),  result  from  the  action 
of  WCI3  uj)on  phthalazone  and  aW'yWc  Y^^v>^«^9^w>xvt%.    'Wi^x^^^SoraoL^  Wsa  chlorides 
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rads  to  derivatives  of  isolndol  (p.  232).     Tlius,  chlori>hthala/ine  forms  dihydrohohidol^ 
I^H4<y-j.*^NII  (p.  462);  and  methyl  chlorphthalazine,  methyl  isolndol. 


<^>. 


V    ^Htv  r-ix        /^»  which  yields  dihydromethylisoTDdol  upon  further  reduction.     The 


_  les  behaTe  similarly  (B.  ag,  1434V 
XiUdUkydrophthalazines^phthalazone5^\\x7^  been  obtained  from  aromatic  o-aldehydo- 
~  taone  carboxylic  acids  by  means  of  the  hydrazines : 

CHO         H,N  CII  =  N 

^•"*^coon  +  H^        ^  ^«"*^co  =i!jh 

Phthalaldehydic  Acid  Phthalazone. 

Pfathalasone,  C,H^ON„  melting  at  183**  and  boiling  at  337^,  combines  with  alco- 
bUc  fiotaih  to  potassiufH'pkthalazone,  CgH^ON^K.     Acetyl  chloride  converts  it  into 
W^^-mtityl-pkihalaione^  while  methyl  iodide  converts  it  into  phthalazine  iodmethylate. 

C(CH,)  =  N 
e-lCethyl  Phthalazone,  QJl\<^^      *'        1      ,  melting  at  220®  and  boiling  at 

\  is  obtained  from  o-acetophenone  carboxylic  acid  (B.  a6,  524,  535).    c-Propyl-, 
~  iityl-,  and  Benzyl  Phthalazone  melt  at  156°,  113^,  and  1^2^  (B.  29,  1434). 
The  cyclic  hydrazides  of  the  o-phthalic  acids  are  diketophthalazines.     They  cor- 
to  the  orthopiperazones  (p.  585),  and  can  therefore  be  designated  benzortho- 

CO  —  NH 
Phthalyl  Hydrazine,  C,H^<  1        melting  beyond  250°,  results 

M  the  action  of  hydrazine  upon  phthalic  ester,  chloride,  or  anhydride  (J.  pr.  Gi.  [2], 
t447 ;  54t^)*     Phthalyl  Phenylhydrazine  (p.  240)  results  when  phthalyl  phenyl- 
"  t  is  heated  (B.  a8,  R.  429). 

yCH  =  CH\  /CH  =  CIK 

Phen«zone,CHQ  ^C  —  ^^r         rii^^^*  '^   *  dibenzo-ortho- 

It  consists  of  yellow  needles,  melting  at  156°.     When  o,-dinitrodiphenyl  is 
with  sodium  amalgam  and  methyl  alcohol,  an  intramolecular  formation  of  the  azo- 
occurs: 

c;H^dg9»    ^«^^C,H, ^   C^H,-"^  ^  ^C,1I,. 

nemnone  dioxide  and  phenazone  monoxide  are  intermediate  products.  Phenazone 
Vi  also  formed  on  heating  diphenylene-o,-dihydrazine  with  hydrochloric  acid  to  150°. 
Sihydrophenazone,  C,,H9(N2H2J  (B.  24,  3083),  is  formed  in  the  reduction  of  phena- 
soDe  with  tin  and  hydrochloric  acid. 

Phenazone  is  isomeric  with  phenazine  (p.  598).  It  may  also  be  regarded  as  derived 
fcm  phenanthrene  by  replacing  the  intermediate  CH -groups  by  N-atoms.  Phenanthri- 
Aw  will  then  form  the  intermediate  step.  The  relations  of  phenazone  to  orthodiazine  or 
llfridaziDe  become  evident  from  its  oxidation  to  pyridazine  tetracarlx>xylic  acid  by  potas- 
liam  permanganate  (p.  584).  Tolazone,  (C,H,)2N,,  melting  at  187°,  is  prepared  from 
^•^initioditolyl  (B.  a6,  2239). 

B.  ICetmdiaLzines.         I  11         :  I.  Metadiazines,  or  Pyrimidines,  are  the 

'(y)t-N-C(M) 

analognes  of  the  imidazoles  or  glyoxalines  (p.  496),  and,  like  these,  can  be  viewed  as 
Cfdic  amidines.     Pyrimidines  are  produced : 

I.  From  amidines  of  fatty  or  aromatic  carboxylic  acids  and  /?-diketones  (Pinner,  B. 
«8»  2125): 

CH-.CO  NH,-CC,Hj  CIl3C=--:N QQJ^\ 

L  +  n  >-  I  " 

CH,-(X)(CH,)  Nil  CII  r^  C(CH,)-N 

AcdylacetotM  Benzamidine  a,y-Dimetbyl-M-phenylpyrimidine 
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Similarly,  amidines  and  trimethjiene  bromide  yield  tetnhydropyiiinidiiies,  while  OKy^ 
pyriinidines  result  if  /3-ketoaic  esters  be  employed  (B.  23,  3820) : 

Cn, .  CO  NH^CCH,  ^    CHjC  =  N CCH, 

(!:n,cooR  NH  ^       (!:h  =  c(oh)-n 

and  with  /)- ketone  dicarboxylic  esters,  oxypyrimidine  carboxylic  esten  are  produced 
(compare  action  of  acetmalonic  ester  upon  amidines,  B.  23,  161). 

2.  A  rather  remarkable  formation  of  the  pyrimidines  is  that  due  to  the 
polymerization  of  nitriles  (cyan -alky Is)  when  they  are  heated  to  150® 
with  sodium  or  sodium  alcoholate  (i,  267).  The  cyan-cUkints^  resulting 
in  this  way,  are  amidopyrimidines,  because  they  change  to  oxypyrimi- 
dines  on  treatment  with  nitrous  acid,  and  these  are  identical  with  the 
oxy pyrimidines  prei)ared  by  method  of  formation  (i)  (B.  aa,  R.  327): 

CH,C  =  N CCH,  CH,C  =  N C .  CH, 

3C„,CN   >         ^  =  ciNn.)-Ji:H      ^         l!l=C(OH)-^H 

The  course  of  the  reaction  is  not  yet  fully  explained.  Ptobably  dicyanalkyls  are  the 
first  products  (l,  267J. 

Cyanalkines  are  also  obtained  when  sodium  or  sodium  alcoholate  acts  upon  mixtures 
of  two  alkyl  cyanides. 

/i, a,)  Phenyl  Dimethyl  Pyrimidine,  C^H(CH5),(C^H5)N,  (see  above),  melts  at 
8}°  and  boils  at  276°  (13.  25,  2125),  a,//-Diethyl-/)-methyl  Pjrrimidine,  Cyan- 
louine^  C^X^C^l^^^QW^"^^^  l>oiling  at  205®,  has  a  narcotic  odor  and  acts  similarly  to 
Conine  (see  this).  It  is  prepared  from  cyanethine  by  successive  conversion  into  the  cor- 
res{X)nding  oxypyrimidine,  chlorpyrimidine,  and  reduction  of  the  latter  (B.  22,  R.  328). 
C\>nsuU  H.  28,  476,  K.  67,  for  additional  alkyl  pyrimidines. 

/i,a-Dimethyl->-amidopyrimidine,  Cyanmethine,  C4H(CHj),(NH,)N,,  melting 
at  180°,  and  /i.a-diethyl-,.')  methyl-}'-amidopyrimidine,  Cyanethine,  C\(C,Hj),- 
(CH3)(Nn,)N,,  melting  at  189°,  are  obtained  from  methyl  and  ethyl  cyanide,  and,  like 
the  rest  of  the  cyanalkines,  are  strongly  alkaline  bases.  Cyanbenzyline,  C.H(CH,- 
<^6l'5)i(C6"5)(>^l^)N,.  melts  at  106°  (B.  29,  R.  787). 

The  oxypyi-imidines  possess  both  a  phenol  and  a  basic  character.  PCI5  converts  them 
into  chlof'pyrimUines.  Derivatives  of  the  keto-  or  pyrimidone  form  are  obtained  from  the 
oxypyrimidines.     They  corres|X}nd  to  the  three  possible  formulas : 

CH  =  N CH         CH  — N     =  Cn         CH  — NH  — CH 

Ij  I  II  II  li 

CH  — C(OH)r.  N  CH  — CO  —  NH        CH  — CO   —  N 

//-Phenyl  Oxypyrimidine,  ^-Phenyl  Pyrimidonty  C^H,ON,(C^Hj),  melting  at  208® 
and  boiling  at  260-263°  (30  mra.),  results  upon  heating  its  carboxylic  acid,  /x-Phenyl 
Pyrimidone-carboxylic  acid,  C^H,C)N(CfH5)(CO,R),  the  ester  of  the  preceding  acid, 
melts  at  214°  and  is  produced  by  condensing  dicarboxyglutaconic  ester  with  benzami- 
dinc  or  benzamidoximc.  Its  silver  salt  and  ethyl  kxlide  form  y-ethoxy-^i-phenyl-^- 
carboxylic  ester,  melting  at  59°  (H.  30.  1488, 1564). 

//,a-Dimethyl-}'-oxypyriniidine,  melting  at  192**,  results  from  acetoacetic  ester  and 
acetamidine,  or  when  nitrous  acid  acts  upon  cyanmethine. 

Hydrop3rrimidines :     i^-Phenyl  Tetrahydropyrimidine,  j    *  *        1  ^      , 

CH|  —  N — :  — CC^H^ 
IS  formed  from  benzamidine  and  VumexXvjVutXvtoTDJA^  VJ^.  ^^2.y.22\. 
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KH9i€irahydr9^yrimidmes  are  obtained  from  the  condensation  of  diamido-acetone  and 
add  chlorides  (B.  25,  1564 ;  B.  27,  277): 


CO  — CH,— NH,  CO  ^UCIL— Nil 

<!:H.-NH.  +  "^^"^^  —^  ilL-N^t . 

Diamido-acetone  M-Phenyl-^ketotetrah 

m.  p.  91® 


CIL— N C  .  CjHj 

M-Phenyl-^ketotetrahydropyrimidine, 


The  uracil  derivatiTes,  which  are  closely  allied  to  uric  acid,  are  also  keto-deriya- 
tiTCS  of  pyrimidine  hydrides.  Uric  acitfmusi  be  considered  as  the  urelde  of  isodialuric 
add,  a  diketodioxyteirakydropyrimidiHe,     It  represents  the  naphthalene-like  union  of 

CO  — NH  — C  —  NH 
die  pyrimidine  ring  with  the  imidazole  ring,  n  y  >C0  (see  the  all- 

NH  — CO  — C  —  NH 
tJMMttus^  B.  28,  1968,  and  B.  28,  R.  909).     The  cyclic  urelJes  and  f^tianides  of  the 
■lalonic  acid  series  (i,  507 ;  B.  26,  255),  the  urelde  of  mesoxalic  acid  or  alloxan^  a  tri- 
ktt0kixakydropyrimidin€  (I,  508),  etc.,  belong  here. 

II.  Benzometadiazines :  The  benzometadiazines  or  benzopyrimi- 
dines  are  the  quinazolinesy  sometimes  called  phenmiazines.  They  are 
metameriCy  on  the  one  hand,  with  the  phthalazines  and  the  cinnolines, 
and,  upon  the  other,  with  the  quinoxalines  (p.  594).  They  may  also  be 
viewed  as  derivatives  of  the  quinolines  or  isoquinolines  by  the  substitu- 
tion of  an  azo-ring : 


CO.- 


The  simplest  quinazoline  is  not  known.  Derivatives  of  it  arc  pro- 
duced when  the  acidyl  compounds  of  o-amidobenzaldehyde  or  of  o-amido- 
benzoketones  (pp.  181,  190)  are  treated  with  alcoholic  ammonia  (B.  28, 
279): 

Vi*<Sh''coch.  +  NH, ^  ''^''^<X-ZlcH, 

o-Acetamldobenxaldehyde  o-Methyl  Quinazoline. 

The  quinazolincs  are  stable  tertiary  bases  which  distil  without  decom- 
position. They  take  up  alky!  iodides.  Sodium  and  alcohol  reduce  them 
todihydroquinazolines(B.  26,  1385).  Chromic  acid  in  glacial  acetic  acid 
oxidizes  the  quinazolines,  in  which  the  CH -group  adjacent  to  the  benzene 
nucleus  is  free,  to  ketodihydroquinazolines  (or  oxyquinazolines,  etc.). 

a-lCethyl  Quinazoline,  C,H^(CH,)N„  melu  at  ZS^  and  boils  at  238^.  a,/?-Di- 
methyl  Qoinaxoline  is  an  oil  boiling  at  249^.  It  is  formed  when  ammonia  acts  upon 
o-aoeCamidophenone.  a-Phenylquinazoline,  C,Hj(CfIIj)N„  melting  at  loi*'  and 
boiling  aboTe  300^,  results  when  ammonia  acts  upon  o-benzoylamidobenzaldeliyde,  as 
weU  as  from  o-amidobenz/1-benzamide  instead  of  the  expected  dihydro-derivative. 
a-lCethyl-^-phenyl  Quinazoline,  C,H4(CH,)(C,H5)N„  melts  at  48°.  It  is  obtained 
from  o-acetamido-benzophenone.  Chromic  acid  oxidizes  it  to  /3-phenylquinazoline- 
a-caitwzylic  acid. 

Ketohydroqoinasolines  and  VO^  yield  chlorquinazolmts.    a-  %xA  ^OiX<o^t^vca3a« 
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lines,  melting  at  io8^  and  96^,  are  obtained  from  a-  and  /9-qainajBolooa.  a-Chlor- 
/f  phenyl  Quinaxoline,  melting  at  113°,  is  made  from  phenjl-d-qiuDazoloD  (E  ag, 
13 10).  a,/i-Dichlorquinazoline,  melting  at  115^9  is  obtained  from  benzojlene  uret 
(p.  592). 

Dihydroquinazolines^  containing  the  same  atomic  grouping,  ^  ^H/  ^* 

as  the  anhydro-bases  of  the  o-phenylenediamines,  the  benzimidazoles 
(p.  499),  are  to  be  regarded  as  the  ring  homologues  of  the  latter:  as 
anhydro'basfs  of  the  o-amUobenzylamines.  They  result  by  the  elimina- 
tion of  water  from  the  acidyl  compounds  of  o-amidobenzylamine  and  its 
substitution   products  (B.  24,  3096;    25,  3037;    27,    R.    74;   29,  R. 

The  reaction  proceeds  the  same  if  the  acidyl-groap  replaces  the  aromatic  NH|-Tesidae. 
Further,  the  o-amidol)enzylacidylamines  can  rearrange  themselves  to  o-acidylamido- 
)>eii/.ylainincs  (H.  26,  1 891,  K.  374).  The  same  anhy&)-bases  may  also  be  obtained  by 
ri'duciog  the  corres]K>nding  o-nttrobenzylamine  compounds. 

The  (lihydroquinazolines  are  rather  strong  bases,  forming  stable  salts.  Free  imide- 
hydrogen  in  them  is  readily  replaced  by  alkyls.  Like  the  quinazolines,  they  yield  keto- 
dihydrociuiiia/olines  u)X)n  oxidation.  They  decompose  upon  distillation  whh  zinc-dust. 
S(Kliiiin  antl  alcDhul  reduce  them  to  tetrahydroquinazolines.  It  may  be  noted  that  three 
isomeric,  hydrugonized  dihydro-compounds  are  possible  from  each  c-alkyl  quinazoline: 

I.  (on,(       -      I     ,         n.C,H,(       *     „    .         III.  C.H/  ,       , 

which,  probably,  adopting  the  nomenclature  of  the  hydrol)enzenes,  might  be  distinguished 
by  the  ]>retixeb  A,,  A.^,  and  \.  Only  two  isomehdes  are  possible  for  the  dihydio- 
(|uina/.oline  itself: 

..    .         .  CH,  — NH 

A,  Dihydroquinazohne,  C' IL<  1     ,  melting  at  127°,  results  from  the  rcdoc- 

N-    -rrCH 
tion  of  o-nitrobenzyl  formainide  (B.  24,  3097),  as  well  as  by  that  of  a-chlorquinazoline 
(see  alK)ve). 

n, (3)- Phenyl  Dihydroquinazoline,  C8H,(C,H5)N,,  melting  at  95**,  is  prepared  from 
o-nitrobeiizylfurmunilide.  Under  the  name  of  orexine  it  has  been  recommended  ast 
stomachic. 

//-Methyl  Dihydroquinazoline,  QII,(CHj)N„  is  obtained  from  o-amidol^nzjrl 
acetaniidc.  .?- Phenyl  Dihydroquinazoline,  melting  at  166°,  is  produced  by  re- 
diiciijj;  a  chlur-.y-phenyltiuinazoline  (13.  29,  1310). 

^-KcUhUhyih'oquinazoiifus,  ^quinazolonSy  are  formed,  just  like  the  dihy- 
droquinazolincs,  from  the  acidyl  derivatives  of  o-amidobenzamide : 

,„     CO— Nil,                ,     CO— Nil  CO— Nil 

^^■"*<NH.COCIl3°^'-*"*<NH,    ioCII,    ^   ^•"*<N=i.Cn, 

Analogous  j)roducts  are  obtained  on  heating  acidyl  derivatives  of  anthranilic  ester  with 
ammonia  or  with  primary  amines,  or  from  anthranilic  acid  and  the  amides  of  fatty  acids 
(H.  27,  K.  516;  28,  R.  7S3)  (p.  213).  /3-Ketodihydroquinazolines,  as  mentioned,  are 
produced,  in  atldition  to  these  synthetic  methods,  by  oxidizing  quinazolines  anddihydro- 
gui/iazolioes. 
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mrKei&dihydroquinazoUnes^  a-quinazoionsy  are  produced  when  o-amido- 
benzaldehydes  and  -benzene  ketones  are  heated  with  urea  (B.  29,  1300) : 

CHO         NH,  CH  =  N 

^"*<NH,    +   Cio-NH.  ^    ^'"^^NH-Cio 

Tbe  quinazolons  possess  both  feeble  phenol  and  basic  characters,  hence  can  also  be 
mgwdfid  as  ozyquinazolines.  They  combine  with  alkyl  iodides  to  n-alkyl  derivatiTes  of 
lk»  kdo-form.    The  isomeric  alkoxylquinazolines  are  obtained  from  the  chlorquinazo- 

*»  (p.  589). 

^Ketodihydroquinazoliney  p-Oxyquinatoline,  C.H.ON,,  melting  at  214^,  is  pro- 

'  from  anthranilic  acid  and  formamide  (J.  pr.  Ch.  [2J,  43,  215  ;  51,  564).     Methyl 

cofiTerts  it  into  n-methylketodibydroquinazolme,  C,H^ON, .  CH,,  melting 


a^llethyl-jS-ketodihydroquinazoline,  melting  at  232°,  is  obtained  from  o-acetamido- 
bHWunide  or  o-amidobenzoylacetamide  (see  above),  and  also  in  the  oxidation  of 
•-■MChylqainazoline  (B.  a8,  279).  a-Phenyl-/?-ketodihydroquinazoline,  CgH5(Cf- 
IUNO|y  melting  at  236^,  is  made  from  phenylquinazoline  or  o-benzoylamidobenz- 
Mlde.  n-Phenyl-)3-ketodihydroquina2oUne,  melting  at  139°,  is  obtained  by  oxidizing 
B-phenyldihydroqainazoliDe  (B.  24, 3055). 

•-KetodihyditHiuinazoline,  a-Quinazolon,  is  formed  from  o-amidobenzaldehyde  and 
WMy  as  well  as  by  oxidizing  benzylene-V-thiurea  (p.  177)  with  Ba(Mn04),.  ^-Phenyl- 
•"hrtodihydroquinazoline,  melting  at  251®,  is  prepared  from  o-amidobenzophenone  and 
■KA  (B.  29.  1310). 

Teirahydroquinazolifus  are  produced  by  the  reduction  of  quinazolines, 
dihydroquinazolines,  and  thiotetrahydroquinazolines.  They  also  result  in 
the  condensation  of  o-amidobenzylamines  with  aldehydes  (J.  pr.  Ch.  [2], 
53f  414;  SSf  35^)-  They  may  be  readily  decomposed  into  benzene 
ortho-derivatives : 

CH,  —  NH 

Tetrahydroquinazoline,  CjH^<  1      ,  is  amorphous,  and  results  from  the 

interaction  of  o-amidobenzylamine  and  formaldehyde.  n(3)-Phenyl  Tetrahydroquin- 
aaoline,  C^H4(C,H5N .  C^H,),  melting  at  1 19^,  is  derived  from  o-amidobenzylaniline  and 
fsHDaldehyde,  also  from  phenyldihydro-  and  phenylthio-tetrahydro-quinazoline  (B.  25, 
1858).  a-Phenyl  Tetridiydroquinazoline  melts  at  100^  (B.  25,  3033).  See  B.  29, 
1308,  for /?-Phenyltetrahydroquinazoline.  n-Dibenzoyla,^-dimethyl  Tetrahy- 
dfoqainaroline,  CiH,(CH,),N,(COC,H5)„  melts  at  155^  (B.  26, 1385). 

a-Keto-  and  thiotetrahydroquinazolines  correspond  to  the  cyclic  phenyl- 
cne  ureas  and  -thioureas  (p.  502).  They  are,  like  these,  produced  when 
COClfl  or  CS,  acts  upon  o-amidobenzylamines,  or  by  the  exit  of  NH,  or 
amine  from  the  urea  derivatives  of  the  o-amidobenzylamines  (B.  25, 
2856;  27,  R.  74,  etc.): 

CH,~NHCUH.  CH,— NCUH-  .  CH,— N.CUH. 

^^     NH— CO .  NHC^Hj  •  NH,     CONHCjH^  '  NH— CO 

CH-— NHC-H.  ^  CH,— NC-H- 

<;,H,<     •  ^*+cs, ^C,H,<     '     1^  ». 

^  NH,  NH— CS 

Diketotetrahydroquinazolines  are  similarly  produced  from  the  o-amido- 
benzamides  by  means  of  COCl,,  C1C0,R,  etc.,  or  from  urea  derivatives 
of  o-amidobenzamide  or  of  the  anthranilic  acids : 

^"*<NH,      +  ^^^«        ^  •  *^Nn-to- 
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Keto-  and  tetrmhydroquinasolines  are  indifleient  bodies.  MentioD  has  already  been 
made  of  their  formation  from  benzometoxaxine  derivatiTes,  the  imido-  and  thioconmi- 
zunes,  by  heating  them  with  aromatic  amines.  Oxidants  convert  them  into  diketotetn- 
hydrofiuinazolines,  which  also  result  from  the  oxidation  of  imido- coumazones  (B.  27, 
2420).  The  diketotetrahydroquinazolines  possess  add  properties  and  dissolve  only  in 
alkalies.     PCI5  converts  them  into  Jichlorquinazolines. 

n(3)-Phenyl-(i-ketotetrahydroquinazoline,C^Hf  .  ON,.  C^H,,  meltoat  189'' (B.  27, 
74).  ^S- Phenyl  a-ketotetrahydioiquinaxoUne,  melting  at  193^,  is  obtained  from 
u-aniiilohenzhydrol  and  urea,  as  well  as  from  the  corresponding  phenylthiotetnhTdro- 
fiuina/oline.  The  latter  is  brominated,  and  the  brom-dihydro-phenylquinazoline  is  then 
converted  by  soda  into  ketO(]Utnazoline  (B.  ag,  I  joy). 

fiThiotetrahydroquinasoline,  Cj,lLSN„  melts  at  211°.  n-Phenyl-a-thiotctni- 
hydroquinaxoline,  QIIfSN, .  C^H^,  melts  at  26o<*  (B.  ay,  2432).  /3.Phenyl-athio- 
tetrahydroquinazoline,  melting  at  230**,  is  obtained  from  o-amidobenzhydrol  and 
hydrosulplKKryanic  acid  (B.  29,  1305). 

Diketotetrahydroquinazoline,  Benzoylene  Urea,  C,H4(C,CLN,H,),  melts  above 
2,M*  and  sublimes,  n- Phenyl  Diketotetrahjrdroquinaaoline,  C,H4((4o,NHC^H|), 
melts  at  272**  (H.  ay,  974,  2410,  K.392 ;  compare  also  B.  30,  1682). 

//-Thio  /3-ketotetrahydroquinaaoline,  C-H^CCyOSN^H,),  melting  at  284®,  is  pre- 
pared from  anthranilic  ester  and  hydrosnlphocyanlc  acid  (B.  30,  1098 ;  C  1897,  i, 
592). 

C.    Paradiazine,        l^  r^ U  l-   ^'  Paradiazines  are  the  pyra- 

((^)C  —  N  —  C(a) 
zines,  or  piazinest  which  can  be  regarded  as  pyridines,  the  methine  group 
of  which  is  substituted  in  the  ^-position  by  N.     It  is  almost  universally 
ace  cptcd  that  there  isa  **  para-union  "  of  the  two  N-atoms  in  the  pyrazines, 

CH  =  CH 
harmonizing  with  the  formula  N^:!^,.-:::  CH^^  (Wolff,  B.  26,  722). 

Pyrazines  are  formed  (i)  by  condensing  two  molecules  of  a-amido- 
aldehydes  and  a-amidokctones,  when  an  exit  of  water  occurs.  Hence 
they  are  called  aldines  or  ketines. 

Instead  of  isolating  the  amido-ketones,  the  solution  of  them  obtained  in  the  reduction 
of  isonitrosoketones  can  be  distilled  with  the  addition  of  IlgCl,,  the  oxidizing  agent 
(!».  26,  1832,  2207): 

CI^CO  ^        CILCO  CILC— N— CH 

2        "i  >  2        '1  >-        '11  u 

HC-NOII  II,C— Nil,  HC— N— CCH,. 

(2)  The  synthesis  of  pym/ines  froma-chlor- or  bromketo-compounds  and  ammonia 
also  depends  !i]x>n  the  intermediate  formation  of  a-amidoketones.  Thus,  /?-  bromkvva- 
linic  acid  and  ammonia  yield  tetramethylpyrazine,  with  the  evolution  of  carbon  dioxide: 

C'll,  .CO  ,  ,^„  CH-.  C— N  -C-CH, 

2  I         .  _     +  2^"»  ^  II      I       II  . 

coon  .  CH,  .  CIlBr     -^COr-aHjG  q^^   C— N— C— CH, 

Pyrazines  occur  also  in  the  fermentation  products  of  sugar.  Thus,  a,y-dimethyl-  and 
trimriliyl  pyrazine  have  been  isolated  from  fusel  oil.  Pyrazines  also  result  in  the  action 
of  ammonia  u|K>n  grape-sugar.  In  this  instance  the  products  are  pyraaine,  methyl-  and 
dimethyl  pyrazines  (B.  30,  224;  J.  pr.  Ch.  [2],  54,  481). 

The  pyrazines  are  feeble  bases,  which  give  a  neutral  reaction  to  litmus. 
They  form  readily  dissociated  salts  with  acids.  Like  the  pyridines,  they 
form  characteristic  compounds  with  metallic  salts — t,  g,^  mercuric  chlo- 
ride, auric  chloride,  etc. 
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Sodium  reduces  the  pyrazines  to  piperazines  or  hexahydropvrrazines 
corresponding  to  the  piperidines.  Potassium  permanganate  oxidizes 
alkylic  pyrazines  to  pyrazine  carboxylic  acids,  which  part  with  carbon 
dioxide  very  readily. 

CH  — N— CH 

Pyrasine,    n  '       1    »  melting  at  55®  and  boiling  at  ii5*>  (B.  27,  R.  396),  is 

Cn  —  N  -^  CH 
a  snbstance  smelling  like  heliotrope  and  subliming  at  the  ordinary  temperature.     It  is 
produced  when  amidoacetaldehyde  or  amidoacetal  (i,  317)  is  distilled  with  a  sublimate 
sohitton,  alio  by  eliminating  carbon  dioxide  from  the  pyrazine  carboxylic  acids,  and  upon 
distilling  piperazine  with  zinc-dust  (B.  a6,  K.  441). 

Methyl  Pyraxine,  C4H,(CH,)N,,  boiling  at  135°,  is  obtained  from  its  carboxylic 
add  (B.  qB,  R.  551),  and  constitutes  the  chief  constituent  of  the  bases  produced  in  the 
actkm  of  ammonia  upon  grape-sugar.  a,7-Dimethyl  Pyrazine,  AV/kW,  C4H,(CH,),N2, 
b  an  oil,  boiling  at  153**.  It  b  formed  in  the  reduction  of  isonitrosoacetone,  and, 
together  with  pyridine  bases  and  other  alkylic  pjrrazines, — €.  g,^  a,x,(5-methyl  diethyl 
pynsine,  b.  p.  179^^  (B.  24, 4105  ;  a6,  R.  442),— upon  dbtilling  glycerol  with  ammonium 
salts. 

a,(5-Dimethyl  Pyraxine  melts  at  48°  and  boils  at  155^  (J.  pr.  Ch.  [2],  54,  492). 
Trimethyl  Pyrazine,  boiling  at  172^,  b  produced  on  heating  the  brom-methylate  of 
a,y-dimethyl  pyrazine(B.  ag,  R.  980).  Tetramethyl  Pyrazine,  C4(CH,)^N,(-}-3H,0), 
melts  at  86^  (75°)  and  boils  at  190^.  It  is  produced  when  ammonia  acts  upon 
jS-bromlsemlinic  acid  (i,  381),  or  by  reducing  /S-isonitroso-lsevulinic  acid  (B.  25,  1723). 

a,y-Diphenyl  Pyrazine,  C4(C,H5),H,N„  melting  at  196®,  results  from  a-amido- 
acetophenone,  and  from  n-dibenzyldihydro-a,y-diphenyIpyrazine, 

C,HtN<^[J^"6^.7^">NC,H^.  by  the  exit  of  toluene  (B.   27,   R.    135).     The 

isomeric  a,if-diphenyl  pyrazine,  melting  at  89^,  is  similarly  formed  from  n-benzyl-dihy- 
dro-a,(5-diphenyl  pyrazine  (see  below^  by  the  splitting-ofT  of  toluene.  a,y-Diphenyl- 
dimethyl  Pyrazine,  C4(C^H(),(CH,),N,,  melting  at  126^,  is  prepared  from  isonitroso- 
phenylacetone  (B.  ag,  R.  548). 

Tetraphenyl  Pyrazine,  Tetraphmylaldine^  ^^(^^^5)4^,,  melting  at  246®,  is  made  by 
reducing  the  benzil  monoximesor  dioxtmes  (p.  373)  (B.  27,  213). 

Pyrazine  Monocarboxylic  Acid,  melting  with  decomposition  at  230°,  pyrazine 
dicarbozylic  acid,  C4H,((X>OH)2N,(-f  2H,0),meltingat  256^',  and  pyrazine  tetracar- 
bozylic  acid,  C4(COOH)4N„  melting  at  205^,  etc.,  result  upon  oxidizing  the  methylated 
pyrazines  with  potassium  permanganate.  Consult  B.  26,  R.  442,  for  other  pyrazine 
carboxylic  acids. 

Dikydrofiyrazines^  containing  two  imide  groups,  are  prepared,  together  with  the 
isomeric  indols,  in  the  action  of  anilines  upon  a-alkylamidoketone  deriTatives,  RUNG- 
H, .  CO — ,  or  from  a-bromketones  and  primary  amines. 

n-Dibenzene   Sulphon-dihydropyrazine,    CeH5S0,N<^U  ^  CH>NS0,CeH5, 

melting  at  163^,  is  obtained  from  benzene  sulphamidoacetal  (B.  26, 98).  n-Diphenyl- 
dihydro-a,y-diphenyl  Pyrazine,  diphenyldiisoHndol^  Qfi.J^C^^Ji^ .  CjHj),,  melting 
at  181^,  b  formed  from  aniline  and  phenacyl  bromide  (p.  248).  Different  dihydropyr- 
azine  dcriratiTes,  like  n-dit>enzyl-a,y-diphenyldihydropyrazine,  melting  at  i63<', 
n-benzyl-a,(5-diphenyldihydrop3rrazine,  etc.,  are  produced  by  the  condensation  of 
benzylamine  and  phenacyl  bromide  (B.  27,  R.  134). 

Dihydropyrazines,  with  tertiary  N-atoms,  are  obtained  from  1,2-diketones  and 
ethylene  diamine  (B.  aa,  346 ;  26,  R.  1009) : 

CH,— NH,       CO .  CJl\  ai,— N  =  C .  C^H^ 

in,— NH,     ho .  c^Hj        ^  iu^— 1^  =  i .  e  j\^ 


594 


ORGANIC  CHEMISTRY. 


,        CH,  — N(q,Hg)— CH 

Q.Diphenyl  Tetrahydrophenylpyrasine,  i  i       ,  is   sunilulj 

CIi|  — -  rf  (CLH|) — CCLH| 
fonned  from  ethylene  diphenyl  diamine  and  phenmcyl  bromide  (B.  a6,K,  93). 

Hexahydropyratines^  pipirazines^  have  already  been  discqned  on  p.  314  as  cyclic 
dialkylene-imides.  In  addition  to  the  synthetic  methods  given  there,  the  piperazmes  are 
also  prepared  by  the  reduction  of  the  pyrazines  with  lodiam  and  alcohol  (B.  26,724) : 

^-Methyl  Pipcraxine,  C^H.(CH,)N„  boils  at  155°- 

Di-  and  poly-alkylic  piperazines  occur  each  in  two  stereoisomeric  forms:  Di-,  Tri-, 
Tetramethyl  Piperaxine—see  J.  pr.  Ch.  [2],  55,  49.    Consult  B.  29,  R.  384,  for 

methenyl  piperazine,  N CH, N  (?),  madefinom piperaane and  formaldehyde. 

VlL  — CI!,/ 

CH,  —  N(C;H.)  —  CH, 
n-Diphenyl  Piperaxine,  1  __       xr/r^u  x      ^tt  »  «eWng  at  163®,  results  from  the 
CH,  —  N((LH5)  —  CH, 
interaction  of  ethylene  bromide  and  aniline  (B.  22, 1777).     n-Dibenayl  Piperazine, 
melting  at  92**,  is  also  produced  when  caustic  potash  acts  upon  bromethylbenzylamioe. 

The  cyclic  double-acid  amides  are  a^y-diketopiperazmes.  They  hare  already  re- 
ceived consideration  (i,  358)  after  the  a-amidocarboxylic  acids.     Diphenyl  Diketopi- 

CH,— NrCIL)  — CO 
perazine,  diphenyl  diacipiperazine^  1  xt/V  tt  \      Att  »  **  fonned  from  anilido- 

CO  ^  N(CjHj) — CH, 
acetic  acid — see  p.  84.     Consult  B.  25,  2919,  3275,  etc.,  for  stereoisomeric  diacipiper- 
nzines. 

ii;,\  Diketopiperazines  are  produced  in  the  condensation  of  oxalic  acid  with  derivatifcs 
of  ethylene  diamine  (B.  23,  2028)  : 

CH,— NIICgHj        COOH  CH,— N(C,H4)— CO 

CM,— NllCfillj  "^  COOH  in,— N(C,H5)— CO 

n-Diphenyl-ajMiketopiperazine. 

Chromic  acid  oxidizes  this  diketopiperazine  to  a  tetrakelopiperazine. 

II.  Benzoparadiazines  :  Quinoxalines. — 


N 


The  quinoxalines,    just   like   the  benzimidazoles,   are   condensation 
products  of  o-diamines  (p.  95).     They  result : 

I.   \\y  the  condensation   of   o-phenylenediamines   with   glyoxal  and  i,2-diketone 
compounds  (Ilinsberg,  A.  237,  327): 

.Nil,        COH  -aHfO  .N  =  CH 

^NII,        COH  ^N  =  CH 

Similarly,  benzil  yields  a,/?-diphenylquinoxaline ;  dioxytartaric  acid,  a,/9-quinoxaline 
car/>oxylic  acid ;  etc.  The  teac\.\otis  ^\fc  n^x^j  totsv^tv^, «««».  ^  >Soft.  ^MdmaTy  tempen- 
(ures. 
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A-Ketooe  carboxjHc  adds — t.  g.^  pyroracemic  acid  and  mesoxalic  acid — become 
igyfmnoxaHnes^  while  oxalic  acid  yields  dioxyquinoxalines  (B.  30,  768) : 

.NH,        OC.CH,  .N  =  CCH,  .N CCH, 

C;H,<;  +      I  —^    C,H  /  I  or    C,H  /  I 

^NH,        OC.OH  ^N  =  COH  ^NH  —  CO 

.NH,        OC.OH  .N  =  COH  .NH  —  CO 

C;H  /  +      I  y    C,H  /  I  or    C,H  /  I     . 

^NH,        OC.OH  \n  =  C0H  ^NH  — CO 

The  o-naphthylenediamlDes  react  like  the  o-phenylenediamines,  forming  naphtho- 
pdnaxalmes.    The  tetra-amidobenzenes  yield  benzodiparadiazines, 

2.  a-Chlorketo-componnds,  a-aldehyde  alcohols,  and  a- ketone  alcohols — €.  g, ,  benzoTn, 
findn,  arabinose,  and  glucose— condense  with  o-phenylenediamines.  Water  and  hy- 
•diogen  are  eliminated  and  quinoxalines  remain  : 

.NH,        aCH,  .N  =  CH 

C;H,<;  +        I  y    C,H,<;  I  (H,0  +  HCl  +  H,); 

^NH,         OCCH,  ^N  =  CCH, 

wkh  monoalkylic  o-phenylenediamines,  on  the  other  hand,  the  products  are  dihydro- 
qainozalines,  which  ferric  chloride  oxidizes  to  azonium  bases  of  the  quinoxalines  (B.  24, 
719,  1875  ;  as,  1627) : 

^NHC^Hj       OH.CH.C,Hj  ^N(C,H5)— CH(CeH5)  ^N  =  C(C,H6) 

o-Ainid<Mli-  Benzoin  n-a,/l-Tri phenyl  Dihydro-  c^h.  OH 

phenylamine  quinoxallne  ph^iyt  stllbazonium 

Hydroxide. 

The  azonium  bases  are  immediately  produced  by  the  action  of  monoalkylic  or 
phenylated  o-diamines  upon  i,2-diketones  (B.  25,  loio;  27,  2355).  See  also  B.  25, 
1627. 

3.  o-Nitrophenyl  a-amido-fatty  acids,  when  reduced,  yield  oxydihydroquinoxalines, 
which  are  also  obtained  from  o-phenylenediamines  and  a-haloid  fatty  acids  (A.  292, 
250): 

yNH-CH,  .NH— CH, 

C,H  /  I  ^        CeH.C  I 

^NO,    COOH  ^N=COH 

•-NItrophenyl  Glycocoll  a-Oxydthydroqninoxaline. 

4.  o-Fhenylenediamines  condense  with  cyanogen  to  diamid<hquinoxalines^  which 
dihite  hydrochloric  acid  changes  to  dioxyquinoxalines : 

^„      NH,         CN  ^    ^„      N  =  CNH,  ^     ^„     N  =  COH 

^"*<NH;  +   iN   "  ^"'<N  =  iNH;  — ^   ^"♦<N  =  (i0H- 

5.  Teirahydroquincxalitus  are  produced  in  the  condensation  of  dioxybenzenes  with 
alkylenediamines : 

OH         H,N— CH,  NH— CH, 

^"*<OH  +    H.N-tH,  ^  ^•"*<NH-<!:h; 

Bihamor:  The  quinoxalines  are  feeble  monacid  bases.     Their  odor  resembles  that 
^  (|aiiioline  or  piperidine.    They  are  readily  soluble  in  alcohol  and  ether,  and  more 
^pouigty  loliible  in  hoc  than  in  cold  water.    They  are  stable  in  the  presence  of  oxidizing 
p  while  redndng  agents  convert  them  into  hydTO^uxnonaWncA. 
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Quinozaline,  C^H^N,,  is  obtained  from  o-phenylenediamiDe  And  glyoxal,  bjrdicestiiig 
the  aqueous  solution  at  60^  with  sodium  bisulphite.  It  melts  at  27^  and  boik  at  229^. 
Its  iodmethylate  melts  with  decomposition  at  175^. 

Toluquinoxaline,  C^li,(CH,):  N.C^H,,  obtained  in  a  shnilar  way  from  toluylene- 
(liamine,  boils  at  245<>.  a,/?-Diinethyl  ToluquinosaUne,C,I^(CH,) :  N,C,(CIL)^  from 
diacetyl  and  toluylenediamine,  melts  at  54^  and  boils  at  270^.  a,i9-Diphenyl  Quin- 
ozaline,  C,H4N,(aHj)„  mclu  at  124*  ^B.  ay.  2181). 

Bz-Chlorozy-a,/3-dipiienyl  Quinozaline  has  been  recommended  as  an  indicator  in 
alkalimetry  under  the  name  of  luteol  (B.  28,  R.  628). 

Ozyquinoxaline,  C0H4[N,C,H(OH)],  melting  at  265^,  is  made  from  its  carboxylic 
acid  (see  l>elow). 

aMethyl-,?oz3rtoluquinozaline,  CH,(lHJN,C.(CH,)(OH),  melting  at  220^  tnd 
a-Phenyl/Joxytoluquinozaline,  CH,C,H,[N,C,(C|H^)(OH),  melting  at  I96^  tre 
prcpart-d  fn)m  toluylenediamine  with  pyroracemic  acid  and  phenylglyoxylic  acid.  They 
are  soluble  both  in  alkalies  and  in  acids.  The  solutions  of  the  first  are  colorless,  and  thote 
of  the  second  yellow  in  color.  a,^-Diozyquinozaline,  C^H4[N,C,H|0,],  from  o-phenyl- 
cnediamine  and  oxalic  acid,  or  o,)3-diamidoquinoxaline  (see  above)  by  means  of  hydro- 
chloric acid  is  converted  by  PCI5  intoa,;?  Dichlorquinozaline,  melting  at  150^.  Allien 
the  latter  is  digested  with  o-phenylrnediamine  a  condensation  results,  the  solutions  of 
which  are  yellow  in  color  and  exhibit  an  intense  yellow-green  fluorescence.  This  ftct 
has  given  it  the  name  fluoflavine,  C^H^:  (N^C^H,) :  C^H^,  melting  at  360^.  It  loses 
two  hydrofren  atoms  when  it  is  oxidized,  and  becomes  Quinozalophenazine,  CH. :  - 
(NV-\):CVl4(B.29.784): 

N  -  :  C  CI      Nil-  N  =  C— NH,  N— C— N 

<-eI»4^  i         ^^'6"4>C.II/  I  ^C,IL->-C;iL/ 1       I)      |\C,H.. 

•    *^N  -  CCl      Nil/   •    *       •    *^N  =  i-NH/  •    *     ^    ^^i-C-N^  *   * 

rl,.^Dioxynaphthoquinoxaline,  Naphthylene  Oxamidf^  C,qII^(N,C,0,H,)  (B.  30, 
772). 

rl,.^ Quinozaline  Dicarboxylic  Acid,  CjH4[N,C,(COOH),](4-  2H,0),  from  dioxy 
tartaric  acid  and  o  phenyiencdiamine,  melts  at  190°  with  decomposition  (B.  27,  2185). 
/N  rz^C  —  CO\ 

XK^oxTtv&^ii  anhydride^  V^\^(^   ^        %^  >0,  melting  at  25 1**.     Ammonia  converts 

the  latter  into  quinoxaline  dicarlK>namic  acid,  which  with  bromine  and  caustic  potash 
yields  n-amidoquinoxaline-/i  carbozylic  acid,  CeH^[N,C,(NH,)(COOH)],  melting 
with  decomposition  at  210°  (H.  28,  1657). 

a  Oxyquinoxaline-^  carboxylic  Acid,  CgH4[N,C,(OH)(COOH)],  melting  at  265*' 
with  (1  from  posit  ion,  is  ])ro(luced  by  saponifying  the  acid  ureTde  produced  in  the  interac- 
tion of  (illoxan  and  o-phenylenediamine  (A.  292,  248). 

Hydroqiiinoxalines :  The  dihydroquinoxalines  are  distinguished  by  their  yellow- 
green  fluorescence : 

Nri — CCH. 

Dihydro-fl,/i  diphenyl  Quinozaline,  CJL<'  ^,,     J,,,., ,,  »  ™«l^s  at  146°,  and  is 

NH — CIiCjIlj 
produced  in  the  reduction  of  diplicnylquinoxaline  with  stannous  chloride,  or  from  ben- 
zoin   and  o  phenylenediamine   (H.  24,  1870 ;    27,    2182).      n-Methyl   Dihyd^o-a,.^ 
diphenyl  Quinoxaline  (B.  25,  1632)  is  oxidized  to  methylphenostilbazoniutn  hydroxide, 

A 
CH,  OH 
n-Methyl-ketodihydro-/?.methyl  Quinozaline,  ntp-Dimethyl  Qmnoxalone, 
N_-      -^-cCHj 
C,II^<  I        ,  melts  at  78®  and  boils  at  308®.     It  results  from  the  condensi- 

tion  of  methyl-o-phenylenediamines  and  pyroracemic  acid  (B.  25,  1630). 

TetrahydroquinoxaUne,  Cj,\\^^^^^,  mcWxu^  «x  sn*  %3cA  Vm\V\\v^  at  28q°,  is  obtained 
from  pyrocatechol  and  etV\y\encd\aLm\tve  V^.  ai^-yi^^,  at  Vpj  ^a.^Knv\VfvTt^\\&  d\\>en-jwMl- 
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dirkmtwi^  C^H4(NS0,C;H,),>(CH,),— the  reaction-product  of  ethylene  bro- 
flnd  dibenzene  sulphon-o-phenylennliamine  (B.  28,  R.  756). 
««/3-D^enyl  Tetrahydroquinozaline,  CgHgN,(Cgir5),,  is  produced  in  two  isomeric 
melting  at  105°  and  142^,  when  diphenylquinoxaline  is  reduced  with  sodium  and 
(B.  27.  2184). 

III.  Dibenzoparadiazines :  Phenazine  Group. — Phenazine  is  anal- 
ogons  in  constitution  to  anthracene  and  acridine  : 


Anthracene  Acridine  Phenazine. 

On  the  other  hand,  it  is,  in  its  methods  of  formation  and  general  de- 
portment, very  closely  related  to  the  dibenzo-derivatives  of  paroxazine 
and  parathiazine  (pp.  581,  583) : 

^"•O"^"*  ^«<NH>'^"'  ^<J>«' 

Dibenzoparoxazine,  Dibenzoparathtazine,  Dibenzo|)aradiazine, 

Phenoxazine  Thiodiphenylamine  Phenazine. 

It  is  the  parent  substance  of  an  extensive  class  of  dyestuffs,  which  are 
to  some  degree  quite  important  from  the  technical  standpoint — e.  ^., 
the  eurhodines,  toluylene-red,  the  indulines,  safranines,  etc.,  which  are 
in  part  derived  from  phenazine  itself  and  partly  from  higher,  condensed 
paradiazines — e,  g.^  naphthophenazine,  naphthazine,  etc. 

Methods  of  Formation :  i.  Phenazines  result  by  the  exit  of  water  and  hydrogen  in 
the  condensation  of  o-diamines  and  o-dioxybenzenes : 

C.H.<JJJJ|  +  o">q,H. >■  c.H«<|J>c.n,. 

3.  Azines  are  also  produced  from  o-diamines  and  o-quinones — t.  g.^  /9-naphthoquinone, 
phenanthraqninone,  croconic  acid,  etc. : 

,  /NH,         OC— CH  =  CH  /N— C— CH  =  CH 

^<NH.  +  oi i.n,  — ^  "-'^W i.n. 

^•Naphthoquinone  Phenonaphthazine. 

C,H^ .  C  —  N 
Isatin  and  o-phenylenediamine  similarly  yield  indophenazine^  \  ti         I  >CeH4 

(B.  IQ,  200).    On  the  other  hand,  azonium  bases  result  if  monosubstituted  o-diamines 
and  o-qninoiies  are  condensed  (see  quinoxalines,  p.  594) : 

/NH.  CO-C.H, ^  ^  ^  /N-C-C.H, 

"^NHCiH,        CO— C,H^  ^"^    'XN— C— C.H^ 

o-Amidooaphthyl-  Phenanthra-  ^^^5  OH 

pbeaylamiiie  qninone  Phenylnaphthophenanthrazonium 
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Such  azonium  componnds  are  also  produced  by  the  action  of  azines  and  aDcjl  iodides, 
and  by  the  deamidation  of  indoline  and  safranine  bases  (p.  600). 

3.  Furthermore,  azines  result  in  the  oxidation  <^  a  miztore  <^  o-diamines  and 
o-naphthol : 

C"«<n!1,'  +  ^«»o" *-  c;h«<5J>c^. 

4.  By  the  decomposition  of  o*ani1ido-(tolnido-,  etc.^-azo-bodies.  Thus,  o-anilido- 
naphthylazobenzene-sulphonic  acid,  produced  by  the  combination  of  naphthylphenylamine 
with  diazobenzene-sulphonic  acid,  breaks  down,  on  boiling  with  dilute  acids,  into  oaph- 
thopbenazine  and  sulphanilic  acid : 

^••"•<NH^C.H5^*" ^  C,.".<JJ>C;H«  +  H.N.  C;H..S0.H 

a-Anilidonaphthylazobenzene-  Naphthophenazine  Sulphanilic  Add. 

sulphonic  Acid 

Brh^ivior:  The  phenazines  are  mostly  yellow- colored,  feebly  basic  bodies  that  amiiot 
be  distilled  without  sufTering  decomposition.  They  dissolve  in  concentrated  sulphuric 
acid  with  a  red  to  blue  color.  They  are  again  precipitated  upon  addition  of  water. 
They  combine  with  alkyl  iodides  to  azonium  iodides  (p.  600).     They  are  reduced  to 

colorless,  dihydro-compounds, — e.  g.^dihydrophenatme^  CjH4<j^u>C^H^, — which  are 

readily  re-oxidized  to  azines. 

Phenazine,  Ci^H^N,,  was  first  obtained  from  calcium  azobenzoate  by  distillation,  and 
was  called  Azodiphenylene  (p.  587),  with  which  it  is  isomeric.  It  may  also  be  prepared  from 
0  plienylenediaminc  and  pyrocatechin,  and  by  conducting  aniline  vapors  through  a  lube 
heated  to  redness,  by  the  deamidation  of  amidophenazines,  and  upon  boiling  formazyl 

^N  .  NHCH, 
carboxylic  ester,  CO, R.  C<^  ,  with  concentrated  acids  (B.  25,  3205);  to- 

\N  iNCjIIj 

getlior  with  various  other  products  in  the  oxidation  of  o-amidodiphenylamine, 
^  •"*     Nll,'^**''  (B.  26,  383).     It  melts  at  171^ 

Ammonium  sulphide  reduces  phenazine  to  dihydrophenatine.  Consult  A.  292,  260, 
for  its  reduction  in  acid  solutions. 

Toluphenazine,  CTI3 .  C^n,  :  N,  :  QH^,  melting  at  1 17°,  is  obtained  from  toluylene- 
diamine  and  pyrocatechol ;  also  from  o-amidophenyltolylamine  and  lead  oxide  (B.  29, 

1873). 

a,/^Naphthophenazine,  CiqHq  :  N, :  CJI^,  melting  at  142^,  is  produced,  in  addition 

NO 
to  the  common  methods  (see  above),  from  naphthylphenylnitrosamine,  C.qH-v^  I  ^^C^Hj, 

N 

just  as  acridinc  (p.  559)  is  obtained  from  formyldiphenylamine.  Sym.  a,/^naphtha- 
zine,  Cjollg  :  N,  :  CjqIIj,  melting  at  243°,  is  formed  in  like  manner  from  ^,/^-dinaphthyl- 
nitrosamine  (B.  26,  185).  Unsym.  a,jS-Naphthazine,  melting  at  283**,  was-6rst  made 
by  heating  nitronaphthalene  with  lime  {nafhihasey  Laurent,  l84o),and  was  consequently 
long  regarded  as  azonaphthalene.  It  was  also  prepared  from  a,/3-naphthylenediamine 
and  /f  naphthoquinone.  It  is  most  easily  made  by  condensing  nitro80>^-naphthylamine 
and  a-naphihylamine  (B.  29,  2086).  Phenanthrophenazine,  CVjIIg :  N, :  C^H^,  melts 
at  217°  and  is  obtained  from  phenanthraquinone  and  o-phenylenediamine. 

The  entrance  of  salt-forming  groups,  like  NH,  and  OH,  converts  the 
phenazines  into  dyestufTs.  In  addition  to  the  normal  formulas,  para- 
guinoid  i)seudo-forms  come  \i\to  coxv^ldetallon  for  these  amido-  and  oxy- 
yjhenazines  (eurhodines  and  euiYvodoVs^  ^K.  a^^  i.^^\ 
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C;H4<JJ>C.H,NH,    or    C;H./J^^H,:NH 
Eurhodine ; 

Eurhodol. 

Anido-phenazines :  a.  Monamido-phenazinesy  the  eurhodines,  are  produced  (i) 
jMloCoinly  to  the  parent  substances,  from  amidated  o-diamines  and  quinones: 

•Nil,         OC— CH  =  CH  /N— C— CH  =  CH 

"«"^<NH:  +   0<^ 4h.     — ^    ^"'^"'(/..^ ^H. 

THamido-benzene  ^-Naphthoquinone  Amidophenonaphthazine. 

(2)  By  the  action  of  aromatic  monamines  upon  o-amidoazo-bodies  : 
*^<NI^^"'  +  C„H,Nn. )-C,H,<JJ>C„H.NH,{  +  C,H,Nn.  +  11.). 

(3)  By  ^^^  condensation  of  quinone  dichlorimides  or  p-nitroso-dimethyl  aniline  with 
WNUunines,  in  which  the  p-position  is  occupied  (if  this  be  free,  indamines  result,  p.  174) : 

(ch,).n.c;h,<JJ°  +  N„>Ci.". >■  (CH,),Nc;n,<JJ>c„n. 

Nitrosodimethylaniline       0-Naphthylamine  Dimethylamidophenonaphthazine. 

The  enrhodines  are  feeble  bases.  Their  salts  are  scarlet  red  in  color.  They  dissolve 
la  concentrated  sulphuric  acid  with  a  carmine-red  color,  which,  upon  the  addition  of 
water,  passes  successively  into  black,  green,  and  finally  red,  which  is  due  to  the  gradual 
diMociation  of  polybasic  salts,  only  stable  in  the  presence  of  concentrated  acids.  The 
ethereal  solutions  have  a  yellow -green  fluorescence.  If  they  be  heated  with  acids,  they 
become  oxjrphenazines.     They  are  not  applicable  technically. 

Amidopnenazine,  C^H4(N,)C,H,NI{„  has  been  prepared  from  o-diamidophenazine 
won  heating  it  with  zinc-dust.  It  results  in  the  oxidation  of  the  diamidodipenylamines, 
NH,[2]C^n^NHC^H4[3]NH,.  or  (NHa),[2,4]CeIl3NHC,H5  (B.  29,  1874).  It  con- 
Mts  of  red  lnt>nze  needles  that  melt  at  265^. 

bb  Unsjrm.  diamidophtnazims  are  formed  in  the  oxidation  of  o-diamines  (p.  95) : 

NH,                    NH,      O  N  NH, 

CH.<       •  +  C.H,<       *  >  C-H,<i  >C-H,<       * 

Unsym.  Diamidophenazine. 

c.  S3rm.  diamidophenazines^  Toluyleru-red  Group:  Symmetrical  diamidophenazines 
ue  produced  when  amidated  indamines  are  oxidized  (p.  174) : 

NH  :  CH,<'^"'>C,H.NH,-^  NH,C,II,<JJ>C,H,NH, 

Sym.  o-Amtdophenazhic. 

Instead  of  using  the  prepared  indamine,  a  mixture  of  a  p-diamine  with  a  m-diamine 
flMj  be  oxidized,  or  quinone  chlorimidcs  may  be  allowed  to  act  upon  a  m-diamine. 
TlinSf  toluljrene-red,  dimethyldiamidotoluphenazine,  NH,C.ILN,CH,N(CII,),,  is 
mdnoed  by  oxidizing  dimethylparaphenylenediamine  with  m-toluylenediamine  (p.  95). 
lolnylene-bloe  appears  as  an  intermediate  product  (p.  174). 

It  cmtallizes  m  orange-red  needles.  It  is  applied  in  dyeing  under  the  name  Neutral 
Mid,  Its  monacid  salts  are  rose-red  in  color ;  the  diacid,  blue ;  and  the  triacid,  green ; 
^  Uet  two  are  stable  only  in  the  presence  of  strong  acids.  It  colors  silk  and  cotton, 
mordanted  with  tannin,  a  scarlet-red.     It  yields  dimethylmonamidotoluphenazine  by 
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Ozyphenazines,  eurhodoh^  are  fonned  (i)  when  the  amidophcnazines  are  heated  to 
iSo°  with  concentrated  hydrochloric  acid;  (2)  aynthetically,  by  ooodensing  o-diamina 
with  o-<iuinones  containing  hydroxy!,  llie  euihodok  resemble  the  eoihodmes  in  color 
and  fluorescence. 

a-Oxynaphthophenazine,  II0CgH|N,CgH4,  from  amidoaaphthophenaziDe  or  pio* 
duce<l  l)y  the  condensation  of  oxy-//-naphthoquinone  with  o-phenylenediamiDe,  yields 
two  isomeric  methyl  ethers — an  oxygen  and  a  nitrogen  ether— correspondiDg  to  the  two 
formulas  presented  (p.  599)  for  eurhodol. 

Dioxy'phenazitiei  are  obtained  similarly  to  the  monoxy-bodies.  The  condensatioD of 
o  phenylenediamine  with  dioxydiketotetrahydronaphthalene  (produced  by  the  action  of 
liy|^>ch]onms  acid  upon  \^  naphthoquinone^  gives  rise  to  naphthophenazine  oxide, 
('gH^NyCiolIf.  (>.  'lliis  is  a  body  resembling  ethylene  oxide.  Hydrochloric  acid  re- 
arrangt^  it  into  /^ozynaphthopbenazine,  C^II^N^CioHjOH,  melting  at  198°  (B.  26, 
617:  A.  286,  61). 

Azonium  Compounds :  These  are  important  because  they  are  to  be  regarded  is  the 
parent  sulistances  of  the  dyesluffs  of  the  induline,  indone»  and  safranine  series,  from 
which  they  are  produced  by  diazotizing  in  strongly  acid  solution,  and  to  which  they  re- 
vert u|K)n  treatment  with  ammonia  or  alkalies.  See  p.  597  for  their  synthetic  methods 
of  formniion.  The  phenylazonium  salts  have  been  chiefly  isolated  by  means  of  their 
fet  ric  ihloride  double  salts.  Ethyl  Phenazonium  Iodide,  Methyl  Naphthophena- 
zonium  Iodide,  CjIl^lN, .  C,n5l)CH.  and  C„H,rN,CH,I)C,.H.,  are  produced  byibe 
union  of  the  corresponding  azincs  and  alkyl  iodides  (B.  30, 391).  Phenyl  Phenazonium 
Chloride  results  from  the  de-amidation  of  aposafranine  chloride.  The  ferric  chlmii 
douhle  salt,  ^\\\^(Sj^\\\i  .  Cl)C:gH^ .  FcQ,,  melts  at  186°.  Phenyl  Naphthopheoa- 
zonium  Chloride,  <>'ip^^«(^V  s^'s-  ^n^^Hi*  is  obtained  from  rosinduline  and  isorosin- 
duliiu'  (p.  601).  An  isomeric  Isophenyl  Naphthophenazonium  Chloride  has  heen 
]tre|).irr<l  from  V'-rosinduline  (p.  toi)  and  also  by  condensation  of  ^-naphlhuquinone 
witii  plienyl  (I -phenylenediamine  (1).  29,  2316,  2967). 

Indulines,  Indones,  and  Safranines. — These  dyestufTs  sustain  the 
same  relation  to  the  phenazines  as  the  oxazines  and  oxazones  (p.  580)10 
phenoxazine,  and  the  thiazines  and  thiazones  to  thiodiphenylamine 
(P-  5*^3)-  'I'lieyare  qiiinone-anils,  indamines,  and  indophenols  (p.  173), 
in  which  the  two  aromatic  nticlei  are  further  linked  to  each  other  by  the 
group  NR;  hence,  they  are  to  be  considered  as  nieso-alkyl- or  alphyl- 
(leri  vat  Ives  of  the  |)araquinoTd  forms  of  the  eurhodin^  and  eurhodols  (p. 
599).  However,  the  induline  salts  can  be  converted,  by  means  of  their 
(liazo-bodics,  tbrou«^h de-amidation,  inio  azonium  sa//s  (p,  598),  and  would 
therefore  have  to  be  viewed  as  amidated  azonium  salts ;  but  the  corre- 
sponiiiuf:,^  azonium  hydrates  api)ear,  however,  to  part  readily  with  water 
and  then  pass  into  the  paraquinoid  forms  (B.  29,  2316,  2752,  2771): 

NH.CgHj^'  \gH,     NH.CgHa'-^^N-^H,      NHrc^Hj^^'Xc^H^  and     NHr<^"j\  ^ /^«« 

A 
Oxazime  Thiazime  Induline.  HO  R 

o :  ^V»3^^)^c,"4      o  :  qjii3^'''\c,H,       o :  q,n5^"\c,H4    and    HO.q,n,/7/CV!« 

A 
Oxazone  Thiazone  Indone.  HO  E 

To  .save  space,  the  paraquinoid  formulas  for  the  bases  are  mostly 
emj>loyed  ;  they  will  he  readUy  wtvdtit^tood  from  what  has  been  expressed 
above.     The  radical  (J^^  rc\a^  \>e  axv  ^W^V  at  ^xw  ^^^V^wsi^.  '^Jml 
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-^  riienylated  derivatives  primarily  are  important  technically  (A.  286,  187 ; 
:^B.  38,  1579)- 

a.     The  indulifus  zxt  prepared  universally  (i)  by  heating  p-amidazo-bodies 
#ith  monamines  in  the  presence  of  some  mineral  acid : 


^N- 


L  i-  NH,[4]C.H,N  :  NC,H,  +  CJi\mi^ ^NH  :  C.H,^  \CeH,. 

-  u 

^^  The  intermediate  and  by-products  in  this  reaction  are  p-quinone  di-imide  derivatives — 
~~i0'  g'%  quinone  dianil»  anilidoquinone  dianil»  dianilidoqumone  dianil,  or  azophenine 
^^^(pL  173)*  etc.  They  are  to  be  considered  as  the  real  generators  of  the  indulines  (B.  25, 
^^aT|i).  Thus,  quinone  dichlordiimide  and  phenyl-^-naphthylamine  form  isorosinduline 
I*,  s 


1^ 


S9»  ^53) 


HN(C.H,)/  ^N(C.H,)/ 

(s)  Indulines  and  indones  result  from  the  condensation  of  oxyquinones  and  amidoqui- 
»es  with  phenylated  o-diamines  (B.  28,  1714  ;  A.  290,  262) :  * 

AcNHCH^  +  ^.";^^^)c.H.— ^  AcN :  C.^H^^^'"')  )c,H,. 

Indones  are  formed  when  the  indulines  are  heated  with  concentrated  mineral  acids. 

The  indulines  are  among  the  longest  known  aniline  dycstuffs  (Caro  and  Dale,  1865  ; 
Gfiess  and  Martins,  1866).  Their  constitution  has  l>een  made  more  evident  by  a  series 
of  investigations  prosecuted  in  recent  years  by  Fischer  and  Heppe,  Kebrmann,  Nietzki, 
dcjTA.  272,  306;  2go,  247  ;  B.  29,  1442,  2318,  2771). 

The  indulines  are  classified  : 

I.  Benzo-indulines,  .   .  NH:CgH,(N,CgIl5)C0H4,  fromphenazine. 

3.  «.  Isorosindulines,  .  NFI  :QII.,(N„C\lic}(;,nlL  \    ^  u^u      u        • 

K  Rcindulines.  .    .  NK  rctoiyNV'.lUcilH!  | .  from  naphtho-phenazme. 
3.  Naphthindulines,    .  NH  :CioH5(N3CeIIj^)C|oH0,  from  naphthazine. 

The  WA-aliyl  derivatives,  corresponding  to  these  ms-phenyl-compounds,  have  also 
*en  prepared  in  various  ways  (see  B.  30,  394,  etc.). 

"tht  benzo- indulines  and  iso-rosindulines,  on  the  one  side,  being  derivatives  of  benzo- 
<punone,  and  the  rosindulines  and  naphthindulines  being  derivatives  of  naphthoqui- 
Booe,  exhibit  among  themselves  great  similarity.  The  first  two  groups  form  violet  to  blue- 
colored,  sparingly  soluble  salts.  Their  application  in  calico  printing  depends  upon  their  solu- 
bility in  acetine  (l,  475)  (acetine  print).  The  ros-  and  naphth-induiines  are  strong  bases. 
Tbeir  salts  have  an  intense  red  color,  and  show  red  tluorei>ccnce.  When  their  strongly 
acid  solutions  are  diluted  a  change  in  color  similar  to  that  observed  with  the  safranines 
occnrs.  The  indulines,  like  the  quinones,  readily  yield  anilido-compounds  upon 
digestion  with  anilines.  Similarly,  the  indones,  when  heated  with  alkalies,  become  oxy- 
indoaes.     See  the  safranines  for  the  action  of  ammonia  u[x>n  the  indulines. 

Bensene  Induline,  Aposafranine,  CihH,|N„  results  by  de-amidalion  of  phenosaf- 
nuiine.  Further  de-amidation  yields  the  phenylphenazonium  salt,  which  regenerates 
■poiafruiine  by  treatment  with  ammonia.  Aposafranine,  digested  with  aniline,  forms 
nilido*apoSAlranine  (B.  28,  1709;  29,  2907).  Benzene  induline  is  also  obtained 
ImB  j>-amidoazo1)enzene  and  aniline.  Amidophenyl  benzene  induline,  NH,CL- 
ll4.N:C;H,(N,C;iIt)CeH.,  melting  at  150®,  is  a  side-product.  By  de-amidation  it 
jkUt  pkmyihenzeMi  induline.     If  p-amidoazobcnzene  be  heated  ^\tikk  ^-\A^«co)V«a- 

11—51 


u:2 


[  (D.  R.  P.,  45>370). 
|K  «idi  ■■phhylMBifii  sod  mXnt  (A.  s6i,  262;  171. 3lO- 


>3ffB«f  ib 


o=c^s,c;iyc;H^ 

base  acid  m  a  ponrf  ■■  nd 
|*a^>M|dq$a2M  (R.  99^  a755). 


A.  aSS,  242),oocn  ■  Ae 


M4- 


appli 


Safranines :  SaifnniDe  salts  should  be  regarded  as  symmetrical  S- 
:mx\u>-J^nTatiT€s  of  tht  azonium  salis^  as  the  un symmetrical  structure 
: :  nxierly  proposed  for  these  compounds  has  been  abandoned  by  all 
r.vcsii gators  who  have  been  active  in  this  domain  of  research  (B.  29, 
I  ^42>.  They  are  produced  (i )  upon  oxidizing  a  mixture  of  an  indoaminc 
ar.d  a  monamine : 


HN.C,H         li^N 
>N^     ^<^."s 

^C.H,.NH, 
Pbea^lciic  Kloc 


.N- 


PbeDosafnnine  Chloride. 


(2)  By  oxidizing  a  mixture  of  m-amido-derivatives  of  diphenylaminc 
w:ih  |>-diamines  or  quinone  dichlorimides  (B.  28,  1579;  29,  1444): 

I!  Mir..      -rNll..C.II,[4]NH.^HCI       ^    '    'H(C.ll,)Cx'^^      ^^  ' 
*»'»Ml[3]r  ir^  , Pheiloiiaaveine. 


t^3S"*-.NII(C:,iy  Phetioiaavdne. 

(3)  By  Uic  acUon  of  ammonia  npoo  the  acet-deriyatives  of  certam  indalinci: 

NH, 


ACXHC.H  /  , 


N- 


■>AcNH.q,H,/^ 


'>C,H,.NH, 


'7'««1  sJl^ri^^  """%  fonn  monadd.  ted-colored  sidts.  The  sdntioos  id  concM 
'  '"e,  then  red  (diLJ^  .•  'T"=  •"="**  "*  K««"  '»  «»1<»-  Upoo  dilntioD  they  become 
>r»-     The  ^.ill^'"'?°  o;  unstable  polyatomic  salt.:  «J^~  .S.  ..,;SSi««.  d. 


ni<>  .^     .***  "Averse  in  cv^ir...  oU.^  t-^v -*"•*"*-  j»«i%»i  compare  loe  eurnooines,  p 

***  'PTing  aolubiiu;  ^5»eb?^*?g!. ^^.""  "P^  •^'^'^g  add  to  the  dilute  salt  sohitioos 


polyatomic  salu ;  compare  the  eurhodines,  p. 

re  upon  adding  add  to  the  dilate  salt  sohitioos. 

traics  IS  noteworthy.     The  alcohoUc  solotions  usuiWy 
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eshibit  a  strong  yellowish-red  fluorescence.  Views  in  regard  to  the  structure  of  the  free 
bases  have  been  proposed.  Reducing  agents  convert  safranines  into  leuco-coinpounds, 
which  in  the  presence  of  alkalies  are  rapidly  reoxidized  by  the  air  to  safranines. 

The  lowest  member  of  the  safranines  is — 

Pheoosafranine,  CigHuN^CI.  It  consists  of  leaflets,  green  in  color,  or  of  steel-blue 
needles.     Baryta  separates  safranol. 

When  its  monodiazo-compound  is  boiled  with  alcohol,  aix)safranine  chloride  is  pro- 
duced ;  the  acetyl  derivative  of  the  latter,  upon  treatment  with  ammonia,  again  yields  an 
acetyl  phenosafranine  (B.  30,  1565).  Unsym.  dimethyl-  and  diethylphenosafra- 
nines  (B.  28,  1356)  are  obtained  from  dimethyl-  and  diethyl -p-phenylenediamine  with 
two  molecules  of  aniline.  Dimethyl  phenosafranine  is  the  basis  of  the  ^yt&XM^  fuchsia. 
GiroffU  of  conunerce  is  an  homologue.  n-Tetraethylphenosafranine  is  the  violet  dye- 
^laSf  amethyst, 

Tolu-safranine,  Cignj3(CII,),N^Cl,  from  toluylenediamine,  o-toluidine  (i  mole- 
cule) and  aniline  ( I  molecule),  is  the  chief  constituent  of  common  safranine^  occurring 
in  commerce  as  a  brown  paste  or  yellow-red  powder,  employed  in  cotton  and  silk  dyeing 
as  a  substitute  for  safflor.  The  necessary  base-mixture  for  its  production  is  obtained 
from  the  "aniline  oil  for  safranine."  This  is  partially  diazotized  and  the  product 
broken  up  into  paratoluylenediamine  and  orthotoluidine  by  reduction. 

Naphthophenosafranine  Chloride,  NH,C,oH6(NaC<,Il5 .  ajCjII^NH,.  Its  acetyl 
derivative  is  produced  from  acetyl  rosinduline  and  ammonia  (U.  30,  1566). 

The  dycstuff  indazine,  C,IIiNlICjll3(N,ClCeH5)C8H3N(CH5)„  is  closely  allied  to  the 
safranines  in  its  method  of  formation.  It  melts  at  218°,  and  is  obtained  from  diphenyl- 
n-phenylenediamine  and  nitrosodimetbyl  aniline.  The  analogous  non -methylated  body, 
from  nitroso-aniline  and  diphenyl-m-phenylenediamine,  or  from  m-  and  p-ami<lo- 
diphenylmine,  is  identical  with  Phenomauveme,  which  is  closely  related  to  mau- 
▼eine,  the  first  aniline  dye  to  prove  valuable  technically  (Perkin,  1856).  MauveTne  is 
"produced  by  oxidizing  aniline  containing  tohiidine  with  potassium  bichromate  or  lead 
peroxide.  Magdala  Red  belongs  to  the  safranines  (Ilofniann,  B.  2,  412).  It  results 
from  amidoazonaphthalene  and  a-napbtbylaminc  hydrochloride.  It  probably  has  the 
following  constitution : 

NII.q,H,(^  J^  ^Cl/CioH^NH,  (B.  a6,  2235;  30.  1567). 

Safraninones  and  Safranols  are  to  be  viewed  as  sym.  amido-  and  oxyderivatives  of 
the  indones.  Like  the  safranines,  they  are  prepared  from  m-oxydiphenylamines  with 
nhrosodimethyl  aniline  or  nitrosophenol  (B.  28,  270,  503,  1354,  1578). 

Safraninone,  Ci^HijN^O,  and  Safranol,  Ci^IIj^Nji  )„  are  made  by  boiling  phenosafra- 
nine with  baryta-water  or  caustic  potash  (B.  30,  399). 

Fluorindenes :  Fluorindene  is  the  simplest  representative  of  this  class  of  dyestuffs.  It 
corresponds  to  triphendioxazine  (p.  580)  : 

Triphendioxazine  Fluorindene. 

The  fluorindenes  result  by  oxidizing  or  heating  the  salts  of  o-diamines ;  unsym. 
diamidophenazines  appear  as  intermediate  products  (p.  600) : 

Unsym.  Diamidophenazine       o-Phcnylenediamine  Fluorindene. 

The  fluorindenes  usually  form  green-colored  crystals,  which  sublime  without  decom- 
positioo,  and  are  sparingly  soluble.  Their  solutions  show  a  beautiful  brick-red  fluores- 
cence. 

Methyl  Fluorindene,  C,H.  =  (N,H)  "  C,H, .  (NjCHj)  -^  C^M^,  is  obtained  from 
the  hydrochloride  of  diamidophenazine  and  metbyl-o-phenylenediamine  (B.  28,  ^qS\< 
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Phenyl  Pluorindene,  CsH4N,Hq|H,N,(C,H<)C;H4,  resolU  from  the  condensation  of 
aposafranine  chloride  (p.  601)  with  o-phenylenediamine  (B.  sg,  567).  Diphenyl 
Fluorindene,  C,H^  =  (N,CJL): :CH,~(N,C,H.)  =  C-H^,  is  produced  in  the  oxi- 
dation of  azophenine,  and  also  from  phenylinduline  by  subUination  (B.  a8,  293). 

Triphenaxine  Oxazine  is  a  mixed  oxazine-phenaziDe.  It  is  formed  from  unsjrm- 
dioxyphenazine  with  o-amidophenol,  or  from  amidophenoxmzone  with  o-phenylenediamine 
(B.  28,  299) : 


4.  TRIAZINBS. 
Derivatives  of  the  three  possible  metameric  triazines  are  known  : 

^Cv^  .^C\                          ^Cv^ 

N        N  N        N                      C        C 

A.   I          I  B.    I           I                   C.    I          I 

C        C  C         N                       N        N 

\N-"  ^C-^                          \N-^ 

Sym.  Triazine,  Cyanidine  Unaym.  (a)-Triazine  '     v-0)-Triaztne. 

A.  Sym.  Triazines,  Cyanidines :  The  formula  of  symmetrical  triazine  corresponds  to 
the  hypothetical  Trihydrocyanic  AcU^  to  which  the  metallo- hydrocyanic  acids  (1,231) 
have  been  referred.  Furthermore,  a  series  of  polymeric  cyanogen  compounds — €.  g. , 
cyanuric  acid,  sulphocyanuric  acid,  cyanuric  chloride,  melamine,  isomelamine,  etc.— are 
derivatives  of  this  triazine.     They  liave  already  been  discussed. 

Aikvl-  and  pheuyl-derivatives  of  sym.  triazine  or  cyanidine  are  obtained  : 

1.  Hy  the  action  of  aluminium  chloride  upon  a  mixture  of  benzonitrile  and  benzoyl 
chloride  or  acid  chlorides.  When  benzoyl  chloride  is  used,  the  reaction  (best  with  the 
addition  of  ammonium  chloride)  proceeds  as  follows  (B.  25,  2263)  : 

C,H,CC1  OC.C.H6  NH,  C,H,C-N CC,H, 

2CILCN4  C'lLCOCl— ^  II  I  — >■  II  I 

•    *  '    '  N-C(C,n,)^N  N-C(C,H5)=:N 

2.  By  the  action  of  anhydrides  of  the  fatty  acids  upon  aromatic  carbon-agiidines  (B. 
25,  1624) : 

OjCOCH:,),         C.H,C— N=^CCH, 


Nil  4-  NIl2C(Cen5)  =  NH  N— C(C,H5)=N 

carbonyl  chloride  acts  the  same  as  the  anhydride  of  the  fatty  acid,  with  the  production 
of  oxycyanidines  (B.  25,  1424). 

The  cyanidines  are  weak,  monacid  bases.  They  are  more  or  less  readily  decomposed 
into  ammonia  and  carbonic  acids. 

Diphenyl  Methyl  Cyanidine,  Cj(CgH5),(CH,)N,.  melting  at  iio**,  is  made  from 
benzamidine  and  acetic  anhydride.  It  is  oxidized  to  diphenyUyanidine  carkoxylic  acid^ 
which  loses  water  readily  and  becomes  diphenyl  cyanidine,  C,(C^H5),HN,,  melting  at 
75**  (»5.  23,2382). 

Triphenyl  Cyanidine,  Cyanphenine,  C5(C,H5),N„  was  first  obtained  from  benzoyl 
chloride  and  potassium  cyanate  (Clo^z,  1 859),  then  by  the  polymerization  of  benzonitrile 
with  concentrated  sulphurio»  acid ;  from  benzonitrile,  benzoyl  chloride,  and  Al^Cl^  (see 
above),  as  well  as  by  the  action  of  sodium  upon  a  mixture  of  cyanuric  chloride  and  brom- 
bcnzene  (proof  of  constitution).  Compare  B.  29,  R.  1124,  for  the  action  of  sodium 
upon  benzonitrile.  Nascent  hydrogen  decomposes  it  into  ammonia  and  lophine;  com- 
pare the  similar  conversion  of  Cyanur-triethyl,  tritthyl  cyanidine^  into  triethyl  gly- 
oxaVint  (B.  28,  R.  66).  PeTchloittvmelhyl  Cyanidine^  ^C^^t)a^a>  meltii^  at  96®, 
results  from  the  polymerizalion  ol  in^omLC^wwVrAft.  ^' 
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Diphenyl  Oxycyanidine,  03(0^11^)2(011)^3,  melting  at  289*^,  from  benzcnylami 
d.ine  and  COCl,  (B.  23,  163),  forms  a  well  crystallizing  sodium  salt.     PCI5  converts  it 
^~3Co  diphtnyUhUrcyanidine^   melting  at  139°,  which   behaves   like   an   acid   chloride. 
nmooia  resdilj  duioges  it  into  diphenylamidocyanidine^  melting  at  172^. 
CH,C  —  N  C(OH) 

If  ethyl  Diozycyftnidine,  y  i  ,  is  obtained  from  acetyl  ure- 

N  — C(OH)  — N 
I  and  urea  (A.  288*  318). 
Diamido-cvanidines  are  also  found  in  the  gnanamines,  which  are  produced  on  heat- 
fing  gnanidine  latty-acid  salts  or  biguanide  with  fatty  acids : 

NH,C—NH,  NILC— N CH 

*ll  *  +HCCX)H >-        *||  I 

N— C(NH,)  =  NH  N— C(NH,)  =N 

Biguanide  Diamidocyanidine,  Formognanine. 

Piperyl  Amido-cyanidine,  C,(NCH.,)(NH,)HN,,  melting  at  194°,  is  similarly 
^bCained  by  heating  piperyl  guanide  with  formic  acid,  or  by  treating  it  with  chloroform 
■ud  caustic  potash,  even  at  o**  (B.  25,  525). 

Normal  C3ranuric  acid  (i,  419)  is  a  triozycyanidine,  cyanuric  chloride  is  a  trichlor- 
^yanidine,  melamine  is  triamidocyanidine,  and  ammelide  and  ammeline  (i,  427)  are 
^nydiamido-  and  diozyamidocyanidines.  Isocyanuric  acid  and  its  derivatives  are 
So  be  regarded  as  derivatives  of  a  triketohexahydrocyanidine. 

B.  Uns]rm.  (a-)-Triaxines. — But  few  derivatives  of  the  simple  ring  are  known  : 
Sp2-Diphenyl-3-ozy-a-triaaine,  C,(CfH5),(OH)N,,  melting  at  218°,  is  produced  in  the 
candciiaatkm  of  benzil  with  semicarbazide  (B.  a8,  R.  no) : 

CgHj .  CO        H,N— CO  CeHjC  =  N-C(OII) 

C;Hj  .  CO        H,N— ]!lH  Celiac!:  =-  N— N 

1%'Pktmyl-  and  n-phenyl-n-alkyl  ketotetrahydro-a-triazines  are  made  by  heating  the 
msym.  phenylhydrazido-acetic  acid  ester  (p.  127)  with  formamide  and  substituted  form- 
amides  (B.  a8,  1228) : 

COOR  +  RHNCHO  CO— NR CI  I 

<!:H,-N(C,H5)-NH,  ^  CII,-N(CJI,)-N   ' 

n-Diphenyl  Ketotetrahydrotriaaine»  melting  at  205°,  is  obtained  from  formani- 

CII,-N(CeH/)-ClI 
lide.    An  isomeric  n-diphenyl  ketotetrahydrotriazine,  I  II    ,  melt- 

CO  —  N(C^H5)  — N 
ing  at  174®,  has  been  prepared  from  anilido-acetic  acid  phenylhydrazidc,  C^H^NHCIT,- 
CON(C,H^)NH,  (p.  127)  with  crystallized  formic  acid  (H.  26,  2616). 

The  derivatives  of  benzo-  or  phen-a-triazine  are  more  numerous.  They  are  produced 
(l)  by  the  reduction  of  sym.  o-nitrophenylacidyl  hydrazines : 

^„      NO,    COH  ,      N^CII 

C-H.<      •      I         ^C-IL<  I     . 

^    ♦^NH— NH  *    *     N  r-.  N 

(2)  By  the  condensation  of  formazyl  compounds  on  boiling  them  with  concentrated 
acids  (B.  as,  3206,  3540;  a6,  2788) : 

The  phen-a-triazines  are  >'<'//<wi/-colored,  crystalline  comi>ounds,  having  an  alkaloid- 
like odor.     They  are  very  slightly  basic. 

Phentriaxine,  C^n4(CN,H),  melting  at  75°  and  Iwiling  at  235-2400,  results  from 
the  reduction  of  o-nitrophenylformyl hydrazine,  or  by  the  exit  of  OO,  and  aniline  from 
fomazyl  carboxylic  ester.     Phenmethyl  Triazine,  CfU«[CN,(CH,)],  melting  at  89^ 
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and  boiling  at  250-255^,  is  obtained  from  o-nitrophenylacetylhydrmzine.  Phentriaiyl 
Methyl  Ketone,  C,ll4[CN,(COCiI,)],  melting  at  II4<*.  is  derived  from  formazyl 
methyl  ketone. 

The  phendihydro-a-iriazines  are  related  to  the  phen-a-triazines.  They  are  obtained, 
instead  of  the  expected  alkylidene  amido-derivatives  (B.  24, 1002,  R.  948),  from  o-amklo 
azo-compoands  and  aldehydes : 

NH  N  —  CH 

These  compounds  are  colorless.  They  are  feebly  basic,  stable  bodies,  which  can  be 
heated  with  hydrochloric  ackl  to  150^  without  decompositioD. 

Tolu-n-tolyl-<i-dihydrotriazine,  C^H,[CH^3(C,H^)],  melts  at  I78*>.  Naphtho- 
n,c-dipbenyl-a-dihydrotriazine,C„H0rCHN,(C,H5),], melting  at  193**,  is  formed  from 
Ilenzene-nzo-.^naphthylami^e  and  benzaldehyde. 

C.  Phcndihydro-^-triazines  are  derived  from  adjacent  a-  or  )9-Triaxine.  They  are 
ring  homologucs  of  the  azimido -benzenes,  and  are  prepared  from  the  o-amidobenzyl- 
amines  ami  o-amidobenzaroides  with  nitrous  acid,  just  as  the  phendihydrometadiarines 
or  dihydrwiuinazolines  are  obtained  from  the  carboxylic  acids  (p.  590) : 

,.„.Nn,  N.O.  N=N  ^„/NH,      N^,     _„    ,N=N 

^Cn,-NnC.Hj  ^CH,-N.C,Hj  ^CO-NH,  ^CO-NH 

Phen-n-phenyl  Dihydro/?-triazine,  C,H4[CH,N,(C,H5)],  melts  with  decom- 
]x>silion  at  128*^  (H.  25,  445). 

Phen-n-benzyl  Dihydro  /?-triazine,  C,II^[CH,N3(C^H,)],  melts  at  91°  (B.  28,  R. 

Phenketodihydro /^triazine,  BeriMzimide^  CgII^[CON5H],  melts  with  decom- 
|K)sition  at  212°.  It  is  formed  wlien  NjO,  acts  upon  o-amidobenzenylamidoxime  (J.  pr. 
<-'»»•  I2J,  37.  432  ;  43.  446 ;  48,  92 ;  B.  29,  626;  R.  785). 


5.  TETRAZINES. 

Only  the  first  two  of  the  three  possible  metameric  tetrazine  rings  are 
known  in  ctTtain  derivatives: 

C_N-N  C— N~N  c— N— C 

A.    I  I  B.    I  I  C.    I  |. 

C_N— N  N— N— C  N— N— N 

A.  The  osotetrazones  are  derived  from  adjacent  tetrazine.  They  result  in  the  oxi- 
dation of  the  osazoncs,  and  are  to  be  viewed  as  n-diolkyl-  or  dialphyl-dihydro-v-tetrazines : 

C.lIsNII-N  -  Qi\\\  CelljN-N  =  C .  C.IIj 

(yi.NII-N      (XVI,  ^    CeIl5N-N  =  (!:.CeH/ 

They  become  triazolcs  if  heated  or  if  acted  upon  with  hydrochloric  acid  and  ferric 
chloride. 

Phenn  methyl  Dihydrotetrazine,  melting  at  62®,  is  2i  bento-dfrivative  of  V-tetra- 
zinc.  It  is  fi)rme(l  when  nitrous  acid  acts  upon  o-amidophenylmethylhydrazine,  and 
corresponds  to  the  phendihydro-.^triazines  (J.  pr.  Ch.  [2],  41,  176)  : 

NIL  nV ^N 

'    *     N\C'Il3)-NH,    ^      ^    »  •    *^N(CII,)— NH 

The  isophendihydrotttrazxnt^^  oi\  V\\t  «A\\«  \\MiCi,  u\^  ^o\vs>AVa\.«AL  vnaXo^ously  to  the 
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phendihydro-a-trimzmes.  They  result  by  the  reduction  of  the  diazo-salts  of  o-amido-azo- 
compoonds  (p.  115)  (B.  19, 1457 ;  ax,  543)  : 

^„     N  =  NC1  .      ^„     N— NH 

AxotolaeneKMliazochlonde  Tolu-n-tolyldihydroisotetrazine,  m.  p.  168°. 

_    -        ^         .       CH  — N  =  N 

B.  Sym.  Tetrasme,  b  „      L  „♦  yields  several  alphyl  derivatives,  which  are 

N  N  =  C  H 

characterized  by  their  intense  red  color,  and  their  stability  toward  acids,  but  which  are  de- 
composed by  alkalies  (B.  26,  2126 ;  27,  9S4,  3273) : 

Diphenyl  Tetrasine,  C,(C^Hj),N4,  forms  bluish-red  leaflets,  melting  at  192^.  It  is 
easily  produced  by  oxidizing — 

Efihydrodiphenyl  Tetrazine,  consisting  of  yellow  needles.  This  is  produced  in  the 
actioQ  of  excessive  hydrazine  upon  benzimido-etber : 

The  dihydro-derivative  is  converted  into  tetrazine  by  heating,  by  moderated  oxidants, 
and  even  by  the  oxygen  of  the  air.  It  can  be  regained  from  the  tetrazine  by  reducing 
the  latter  with  zinc-dust  and  glacial  acetic  acid.  If  the  body  be  boiled  with  these  re- 
agents, the  reduction  extends  further:  ammonia  and  diphenyl triazoU  (p.  512)  are  pro- 
duced. When  dihydrodiphenyl  tetrazine  is  boiled  with  hydrochloric  acid,  it  forms  in 
part  diphenyloxybiataU  (p.  516)  and  in  part  it  becomes  the  isomeric — 

r  ILC  —  NH  —  N  =  C.  CH. 

Isodihydrodiphenyl  Tetrazine,  n  I      •    ^  melting  at  258®, 

N NH 

which  cannot  be  oxidized  to  a  tetrazine.  n* Derivatives  of  this  body  may  be  synthesized 
from  aromatic  hydrazines  with  chloroform  and  caustic  potash  : 

C^H^NH .  NH,       CHQ,  QHsN N  =  CH 

CHCl,  H,N .  NHC^Hj  ^  (!:H  =N— N.C^Hj 

n-Diphenyl  Isodihydrotetrazine,  melting  at  180^,  is  obtained  by  heating  formyl 
phenylhydrazine  (B.  30, 1263).     n-Ditolyl  Isodihydrotetrazine  melts  at  185^  (B.  23, 

R.  250).  

UttLzmtt  Bishydrazicarbonylt  Diurea^      1  1      ,  melting  at  270®,  is  a 

^'diketohexahydrotetrazine.  It  is  produced  when  hydrazidicarboxylic  ester  or  hydrazidi- 
carbonamide,'NH, .  CO .  NH .  NH .  CO .  NH,,  is  heated  with  hydrazine.  It  is  a  strong, 
monacid  base   (J.   pr.  Ch.  [2],  52,  482;   C.    1897,   ii,  264.     Diphenyl  Urazine, 

C,H,N NH— CO 

I  tA   r-  «  »  melting  at  264®,  is  produced  when  phenylsemicarbazide, 

C^HgNH .  NH .  CONH,,  and  phenylcarbazinic  ester  are  heated,  or  when  alkalies  act 
upon  diphenylcarbazidodicarboxylic  ester  (B.  21,  2329;  A.  263,  282;  B.  29,  829).  An 
isomeric  diphenyl  urazine  is  formed  when  COQ,  acts  upon  sodium  phenylhydrazine 
(B.  a6,  R.  20). 

6.  Substances  consisting  of  polyhetera-atomic  six-membered  rings j  which 
contain  O-  and  ^members,  in  addition  to  nitrogen^  are  not  very  numerous. 
Some  are  produced  in  reactions  similar  to  those  in  which  the  correspond- 
ing five-membered  rings  are  formed. 

Just  as  the  6ve-membered  azoximes  (p.  515)  are  prepared  from  the  amidoximes  and 
cartx«ylic  acid  chlorides,  so  their  correspoudm^  %\x-m«coX)«.t«\  rvx^'^^as^^sK^^:^  vs^ 
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prepared  from  amidoKiiiirf  and  a-chlor-faltj  adds  (B.  as,  3161 ;  97,  3353 ;  a8, 1374; 
29,  2656) : 

CeHeC— NH,  OHCO    C^HjC— NH— CO 

^(!:h,        ^        N — o — d^Ei, 


NOH 
Bemenylamidozime 


Chloracetic 
Acid 


Befwenylaniidoziiiie-acetic  Acid 
Isoanhsrdride,  iii.p.  148^. 


The  five-membered  furazanes  or  azoxamles  (p.  514)  liave  corresponding  six-mem- 
bered  azoxazine  derivatives.  The  reduction  of  diisonitrosoacetone  dicarboxylic  ester 
peroxide  leads  to  ozyasozazine  dicarboxylic  ester : 


CO,RC-CO— CCO,R 

N-O-O-N 


COjRC— C(OH)  =  (XO-R 
■^  ^  —  O—^H       ■ 


from  which  a  series  of  additional  azoxazine  compounds  has  been  prepared  by  rearrange- 
ment (B.  a6,  999). 

The  thiodiazines  or  diazihines  are  homologues  of  the  thio-[b,bi]-diazoles.  An 
n-phenylthiopentahydrodiazthine,  melting  at  94^,  is  formed  in  the  condensation  of 
phenylsulpho-carbazinic  acid  with  ethylene  bromide  (B.  27,  2516) : 


SC SH 


BiCH, 


CH, 


Benzo-derivativts  of  the  diazihines  are  produced  when  the  phenylthiosemicarbazides 
are  treated  with  hydrochloric  acid  (B.  27,  861)  (p.  128): 


/ 


NH— NH 


^N      SCNH, 
PhenyUhiosetnicarbaztde 


->     C,H«: 


/ 


NH— N 


B«nzodiazthine. 


Benzodiazthine,  Phenyhulphocarbiziney  melting  at  129°,  is  decomposed  by  fusion 
with  caustic  potash  into  o-amidothiophcnol.  Benzo-n-methyldiazthine,  from  unsym- 
metrical  phenyl-methyl  semicarbazide,  and  others  behave  similarly. 

The  thialdines  (i,  203)  contain  a  six-membered  ring,  with  two  S-membersand  one 
N-member.  They  are  produced  by  the  action  of  ammonia,  etc.,  upon  the  trithioalde- 
hydes. 
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A. 

Amrnc  acid,  354 
Acenaphtenone,  410 
Aceoapbthene,  48, 409,  4x0 
quinone,  410 
Acenaphthylene,  410 
Acetacetyl  pyridine,  535 
quinoline,  549 
aldehyde-phenylhydrazine,  113 
amidine,  129 
ami^o-azobenzene,  115 

cinnamic  acid,  276 
cinnam-Iactimide,  276 
hydrazobcDzene,  118 
naphthol,  401 
phenetol,  154 
triphenyl  methane,  352 
amino-naphthol  ethyl  ether,  401 
anilide,  82,  1 89 
conmaric  acid,  280 
Acetenyl  benzene,  268 

hydrindene  carboxylic  ester,  387 
lodosobenxoic  acid,  210 
nitrotolnide,  501 
Acetoacetanilide,  84 
acetic  ester,  464 

phenyl-hydrazine,  127 
amido-mandelic  acid,  252 

phenyl-acetic  acid,  214 
benzoic  acid,  238 

anhydride,  198 
benzoyl  benzoic  acid,  350 
butyric  acid,  46 
isatinic  acid,  258 
methyl  pyrone,  522 

carboxylic  acid,  522 
Acetone,  55 

oxalester  oxime,  494 
phenyl  hydrazone,  467 

methyl  hydrazone,  466 
nicotinic  acid,  536 
Acetonyl  acetone,  447 

methylisoxazolyl  ketone,  494,  495 
oxindol,  214 

oxybenzalacetophenone,  463 
Aceto-oxjcoomaroae,  463 


Aceto-oxyphthalide,  237 

phenonc,69, 176, 189,  257,  271, 407 
acetoacetic  ester,  262 
acetone,  250 
alcohol,  348 
anil,  189 
anilide,  249 

carboxylic  acid,  238,  265 
chloride,  189 
homolognes,  189 
orthoethers,  189 
oxalic  ester,  484 
phenylhydrazone,  189 
substitution  products,  190 
sulphonic  acid,  191  > 
phenon-oxime,  189 

carboxylic  anhydride^ 

580 

phenylhydrazone,  48 1 
phthalaldehydic  acid,  237 
piperone,  221 
pyrocatechol,  221 
salicylic  acid,  224 
thienone,  455 

trimethyiene  carboxylic  acid,  23 
veratron,  221 
Acetparatoluidine,  68 
phenylhydrazide,  125 
toluides,  75 
vanillon,  221 
Acetyl  acetophenone,  250 

amidobenzophenone,  347 

amidrazone,  130 

anisol,  221 

anthranilic  acid,  212 

aurines,  361 

benzene,  189 

benzenylamidoxime.  208 

bomylamine,  326 

carbanilide,  86 

carbazole,  477 

carbostyril,  549 

diketo  hydrindene,  388 

dioxindol,  252 

diphenylene  oxide^  476 
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Acetylene  benzenes,  268 

dicarboxylic  ester,  484 
phenetol,  271 
Acetyl-fenchylamine,  326 

hexahydro-cresol,  315 
hydrazobenzenes,  117 
iodols,  466 
isatio,  258,  472 
isindazole,  493 
isocapronic  add,  329 
mesitylene,  190 
methyl  indazole,  492 
isindazole,  493 
pentamethylene,  26 
penthiophene,  525 
tolimidazole,  501 
opianic  acid,  238 
oxybenzalacetophenone,  464 
phenyl  carbaminate,  91 
phenylene  diamine,  500 
phenyl  isindazole,  347,  493 
methyl  triazole,  512 
urea,  86 
piperidine,  540 
pyrazole,  481 
pyrrol,  458 
quinoline,  549 
toluene,  190 
trimethylene,  22 
xylene,  190 
Acicular  oxylepidene,  381 
Acid  esters,  146 
fuchsine,  357 
green,  355 
yellow,  115,  138 
Aciduni  cinnamylicum,  274 
Acidylated  benzenes,  189 
Acridic  acid,  550 
Acridine  K^oup,  559 
Acridines,  80,  559 
Acridone,  213,  225,  347,  560 
Acrolein  phenylhydra/one ,  485 
Acrylaldehydophenoxyl  acetic  acid,  272 
Acrylic  ester,  486 
Addition-reaction,  43 
Adipic  acid,  296,  393 
Adipin  ketone,  26 
i*lsculetin,  283,  463 
i^^sculetinic  acid,  283 
>F.sculin,  283,  431 
yJ'lsiuius  hippocastanumy  43 1 
Alanine,  87 
Albumen,  253 
Albuminates,  466 
Alcohol  carboxylic  acids,  27,  233 

derivatives  of  dibenzyl,  371 
of  stilbene,  375 
Alcohols,  32,  407 

of  the  naphthalene  senes,  kf>r\ 


Alcohob  of  triphenyl  mrthane,  361 
Aldehyde,  441,  442 
acids,  236 
alcohols,  233 
coUidine,  528,  532 
green,  358,  547 
phenylhydranmes,  466 
Aldehydes,  i8a,  407 

of  triphenylmethane,  361 
Aldehydines,  96,  500 
Aldehydo  benzoic  acid,  238 
cinnamic  acid,  286 
dicarboxylic  acids,  245 
isophthalic  acid,  245 
phenoxyacetic  acid,  ai8,  463 
phenylhydroxylamine,  187 

nitrob^izaldoxime,  187 
Aldehydrazones,  122 
Aldol  aniline,  79 
Alicyclic  nucleus,  410 

saturated  compounds,  18 
unsaturated  compounds,  18 
Aliphatic  substitution  products,  61 
Alizarin,  159,  420,  426,  427,  433 
amide,  428 
blue,  427,  554 

green,  554 
bordeaux,  429 
brown,  428,  429 
green,  554 
indigo-blue,  554 
orange,  427 
yellow,  349 
Alkali  blue,  359 
Alkaloids,  561 
Alkines,  412 
Alkoxypyrazoles,  487 
Alkylalphylsulphones,  139 
benzaldoximes,  444 
benzenes,  50 
benzoic  acids,  1 94 
camphor,  331 
coumarins,  281 
cyan-camphor,  331 
dithiocarbamic  acids,  73 
Alkylen-dianilines,  79 
Alkylic  anilines,  470 

anthracenes,  422 

derivatives    of   anthracene  diby- 

dride,  424 
diphenyls,  335 
hydranthanols,  425 
indols,  467 
rhodamines,  366 
Tosanilines,  358,  357 
Alkylidene  anilines,  79 

thioureas,  440 
ureas,  440 
^AVv^\vsxy^\Tk!(^lvMS^  244 
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ydrasones,  467 
reas,  85 
.4«2 

aamic  aad,  275 
amic  acid,  275 
acid,  274,  276 

dibromide,  256 

dibromide  methyl  ester, 
256 

dichloride,  256 
none,  273 

ethyl  pentoxazolioe,  580 
iazsulpholes,  518 
imethylmethylene  ether,  270 
de,  498 
,268 

acetic  ester,  260,  287 
-urea,  580 

.  269 

>7 

oil,  429 

269 

lydrazine,  122 

»  533 

chine,  269 

chol  methylene  ether»  270 
270 
32 

432 
id,  196 
i.  196 
:  acid,  252 
diamines,  70 
»97»  499 

83 

,  202 

lalaldehydic  acid,  236 

henone,  190,  249 

'.427 
4;id,  170 
«ne,  423 
loinone,  425 

me,  489 

zene,  108,  109, 1x5 

sulphonic  acids,  137 

iponnds  114 

hthalenes,  398 

lene,  115 

lebyde,  187 

acet  derivatives,  187 
hetero-ring    forma- 
tions of,  187 


Amido-benzaldehyde  oxime,  187 

benzene  sulphonic  acids,  137 
benzhydrol,  344 
benzidine,  338 
benzoic  acid,  axx,  214 

lactam,  212 
benzophenone,  347 

oxime,  347 
benzo-thiazole,  508 
benzoxazole,  504 
benzoyl  formic  acid,  258 

lactam,  47 1 
glyoxylic  acid,  261 
benzyl  alcohol,  180 
aniline,  i8l 
chloride     hydrochloride, 

180 
methyl  ketone,  466 
butyl  phenyl  ether,  146 
camphor,  330 
chlorstyrene,  465 
chlorstjrrolene,  268  , 

cinnamic  acid,  276 
compounds,  3 1,  70 
coumaric  acid,  282 
derivatives,  351,  405 
desoxybenzoin,  466 
diimido-phenol,  172 
dimethyl  aniline,  95 
phene,  179 
dinitro  phenol,  154 
diphenyl,  336 

amine,  95,  118 
diphenylene  ketone,  419 

methanes,  343 
ditolyl,  336 
ethyl  benzene,  77 
indene,  386 
furfumne,  448 
hemipinic  acid,  242 
hexahydrobenzoic  acid,  300 

phenylacetic  acid,  300 
hexamethylene,  295 
hydratropic  acid,  214,  252 
hydrindene,  387,  388 
hydrindone,  387 
hydrocarbostyril,  215 

cinnamic  acid,  214,  255 
isophthalic  acid,  242 
propyl  benzene,  77 
indene,  386 
lutidine,  533 

dicarboxylic  acid,  538 
mandelic  acid,  78,  251 

lactam,  251 
lactam,  471 
methyl  benzenes,  75 

indene,  385,  386 
oxazoline,  503 
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Amido-methjl  thiazole   cuboxjUc  ester, 
506 

triaxole,  (12 
naphthalenes,  396 
naphthoic  acid,  408 
naphthols,  401 

naphthol  solphonic  adds,  403 
naphthoquinone,  40^ 

imide,  407 
nicotinic  add,  536 
nitro-hvdiodnnamic  add,  214 

phenyl-acetic  acid,  214 
octyl  benzene,  77 
oxazoline,  503 
oxindol,  a  14,  471 
oxybiphenyls,  340 
hydrindene,  387 
naphthoic  acid,  409 
pentamethy]  benzene,  76 
phenantbrenes,  414 
phenazines,  599 
phenol,  70,  15a,  503 
phenols,  152 

condensation  of,  153 
phenol  sulphonic  acid,  156  « 
phentbiazine,  584 
phenyl  acetic  acid,  214 

aceto  lactam,  471 

acetylene,  268 

alanine,  253 

hydrochloride,  254 

amido-acridine,  560 

l)enzene  induline,  601 

fatty  acids,  214 

glyceric  acid,  255 

guanidine,  128 

lactic  acid,  253 

methane,  95 

methyl  pyrazolon,  488 
quinoline,  546 

osotriozole  carboxylic  acid, 
509 

propiolic  acid,  285 

sulphides,  158 

toluoxazole,  504 
thiazole,  507 
plithalic  acids,  241 
phthalide,  236 
poly  methyl  benzenes,  76 
propiophenone,  249 
propyl  l)enzene,  77 

indene,  386 
pyrazoles,  483 
pyridines,  533 
quinoline  iodmethylate,  547 
quinolines,  547 
quinone,  170 

quinoxaline-carboxylic  acid,  596 
sulpltonic  acids,  399 


Amido-styroleDe,  267 

terebenthene,  326 
tertiaiy  bntyl  beoiene,  77 
tetnunethyl  diamido-triplienyl  m 

thaiie»3$8 
tetraoxybenzene,  166 
tetrazole,  5ao 
teCrazotic  addy  520 
thiaaole,  505 

carboxjlic  add,  506 
thiazolines,  506 
thiophene,  455 
phenol,  157 

phenob,  condensation  of,  157 
trimethylphene,  179 

piperidenes,  540 
pyrazole,  483 
triphenyl  carbinols,  354 
methane,  352 
Amidrazones,  125,  lag,  20$ 
[Aminobenzene],  74 
[Aminophenel,  74 
Ammon-chelidonic  acid,  537 
Ammonium  hydroxides,  77 
Aroygdalic  add,  430 
Amygdalin,  430 
Amygdonitriloglycoside,  430 
Amyl  anthracene,  423 
Andropogon  nardus^  321 
Anethol,  259,  268,  269,  282 
Anethum  fcmiculum^  269 
groT'eolenSf  271 
Angreatm  fragansy  280 
Anhydrides  of  diazophenols,  479, 516 
Anhydroacetophenone  benzil,  381 
bases,  96,  401, 480, 507 
bis-amido  benzophenone,  347 
bisketo  hydrindene,  388 
ecgonine,  570 
formaldehyde-aniline,  79 
geraniol,  309 
hippuric  [&enyl  ester,  200 
oxyrinyl  benzoic  acid,  286 

benzoic  acid  anbydridi 

286 
benzoic  acid  imide,  28^ 
sulphamine-benzoic  acid,  216 
Anil-acetoacetic  ester,  84 
biguanide,  128 
guanidine,  128 
Anilic  acid,  240 
Anilides  of  fatty  adds,  81 
Anilido-acetic  add,  84 

phenyl  hydrazide,  n 
amido-naphthol  ethers,  402 
aposafranme,  601 
benzimidazoline,  502 
benzothiazole,  508 
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ido-butylidene  aniline,  79 
crotonic  ester,  84 
dicarboxylic  acids,  91 
dimethyl  pyrrol,  124 
methyl  thiazoline,  507 
naphthcKjuinone,  405 

anil,  407 
oxynaphthoquinone,  405 
phenitidine,  154 
phenyl  carbomic  ethyl  ether,  86 
isoquinoline,  556 
thiobiazoline,  517 
phosphoric  dichloride,  80 
propionic  acid,  84 
pyrrols,  124,  458 
thiobiazole,  479,  517 
diazole,  518 
line,  66,  74,  391,466 
black,  75 
blue,  79,  359 
haloids,  91 
oil,  76 

potassiom,  73 
salts,  75 
lines,  70 

1-pyroracemic  acid,  84 
succinmide,  129 
uvitonic  acid,  S4,  549 
saldoxime,  218 
se  oil,  269 
sic  acid,  145,  225, 269 

aldehyde,  219 
sidine,  152 

«U  375 

silic  acid,  369,  375 

sofn,  372 

sol,  145,  '46 

solines,  366 

syl  alcohol,  217 

aidalin,  144 

>1,  269 

iuraceae,  4^,  384,  422 

blue,  429 

brown,  429 

carboxylic  acids,  424 

derivatives,  421 

dihydride,  424 

disulphonic  acid,  423 

ethyl  nitrate,  423 

group,  420 

hexanydride,  424 

mono-sulphonic  acid,  423 

oil,  49 

perfaydride,  424 

sulphonic  acids,  423 
thrachrysone,  429 
thrailavic  acid,  428 
thragmllot,  428 
thramine,  42;3 


Anthranil,  212,  256 

carbonic  acid,  212 
Anthranilic  acid,  211 
Anthranol,  424 
Anthra-purparin,  428 

pyridine  quinone,  561 
pyridines,  561 
quinolines,  554 
quinone,  423,  424,  425 

carboxylic  acids,  429 
disulphonic  acid,  426 
mono-sulphonic  acid,  426 
quinoline,  554 
Anthrarobin,  424 
Anthrarufin,  424,  428 
Anthrol,  423 

Anthroxanaldehyde,  250,  256 
Anthroxanic  acid,  259 
Antibenzaldoxime-methyl  ether,  185 
febrine,  75,  82 

phenylglyoxylic  acid  oxime,  258 
pyrine,  75,  120,  121,443,480,  488 
Apiol,  268,  270 
Apione,  166 
Apionol,  166,  271 
Apoatropine,  567 

camphoric  acid,  332 
cinchene,  573 
codeine,  576 
morphine,  576 
phyllenic  acid,  537 
quinenc,  573 
safranine,  601 
Arbutin,  429 
Arbutus  uva  ursi,  429 
Archil,  162 
ArecaTdine,  565 
ArecaTne,  565 
Arecoline,  565 
Aristol,  144 
Arnica  A/on/ana ,  1 63 
Aromatic  acid  amides,  199 

amido-ketones,  hetero-ring  for- 
mations of  the,  190 
monocarboxylic       acids, 
211 
compounds,  30 
derivatives,  29 
hexacarboxylic  acid,  246 
monocarboxylic  acids,  191 
monoketones,  188 
nitrolic  acids,  208 
pentacarboxylic  acids,  246 
polyalcohols,  247 
sutstitution  products,  61 
tetracarboxylic  acids,  246 
Arsenanilido-dibromide,  81 
dichloride^  81 
Arsenobeiii/tTi^t  1*^1 
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Arsenphenyltmines,  8 1 
Artfrnisia  Bardlieri^  319 

cina^  315 
Artificial  camphor,  323 

isocinnamic  acid,  275 
musk,  57,  68 
Atafatida^  160,  283 
Asarone,  268,  270 
Asaronic  acid,  231 
Asa  rum  europaum^  270 
Ascptol,  156 
AsjKiraginc,  253 
Aspartic  acid,  253 
Asperula  essence,  281 
Asptrula  oxiorata^  281 
Atroglyccric  acid,  255 

iactinic  acid,  252 
Atropic  acid,  278 
Atropine,  253,  498,  567 
Atroxindol,  214 
Auramine,  348 
Aurantia,  93 
Aurine,  143,  361 
Aurines,  351,359.  3^0 
Azinietliylene,  445 

grotip,  445 
Aziniidc  l>cnzeiies,  510 
Aziiniiies,  96,  441,  480 
A/imidcl^en/ene,  97,  511 
l)cnzoic  acid,  214 
A/iniidoI,  122 
Azines,  397,  579 
Azobenzcnc,  112,  113 

azoresorcinol,  i6i 
monocarl>oxyIic  acid,  215 

l)enzidc,  113 

l)cnzil,  373 

benzoic  acid,  215 

black,  400 

camplienonc,  330 

camphor,  330 

carmine,  (yo2 

comjx^unds,  112,  487 

of  naj)hthalene,  397 

derivatives,  31 

diphenylcne.  337,  598 

dyes,  114 

iinido  compounds,  63 
Azoles,  478,  479 
Azoiiaj>hthalene,  397 

najjhthols,  401,  406 
Azonium  compounds.  600 
Azoopianic  acid,  238,  242 

phenine,  173 

phenols,  155,  173 

phenylene,  215 

phenylmcthane,  H3 

rubin,  400 

styrolene,  267 


Azosulphime  anilides,  517 

sulphimes»  441,  479,  480,  517 
toluenes.  113 
trimethyl  benzenes,  113 
Azoxazine  derivatives,  442 
Azoximes,  441.  479.  480,  515 
Azoxjaniline,  112 

benzene,  70,  izi,  155 

benzide,  ill 

benzoic  acids,  215 

compounds,  ill,  112 

derivatives,  63 
Azoxylenes,  113 

toluene,  1 12 
Azuline,  361 
Azulmic  acid,  446 
Azylines,  116 


Baden  acid,  399 
Raldrianic  camphor,  324 
Balsams,  334 
Basler  blue,  602 
Hay-oil,  270 

Benzal  acetoacetic  ester,  2S7 
acetone,  272 

amido  sulphonic  acid,  186 
angelic  lactone,  288 
aniline,  185 
azine,  185 

tetrabromide,  185 
benzamidine,  204 
bromide,  184 
butyric  acid,  278 
chloride,  184 
Benzaldehyde,  66,  69,  176,  183 

condensations,  449 
substitution  products,  1 86 
sulphonic  acid,  188 
diacetal  ester,  184 
diethyl  acetoacetic  ester,  288 

ether,  184 
diketohydrindene,  388 
dimethyl  ether,  184 
diphenylmaleTd,  377 
doxime-o-acetic  acid,  186 

carboxylic  acid,  236 

anhydride,  236, 
580 
ether,  439,  440 
Benzaldoximes,  185 
ethylamine,  185 
glutaric  acid,  289 
Ixvoxime,  288 
Ixvulinic  acid,  255,  288,  391 
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Benzalmalonic  acid  ethyl  ester,  288 

half-nitrile  of,  288 
mesityl  oxide,  273 
phenylhydrazone,  185 
phthalide,  376 
propionic  acid,  278 
P3rrazoIon,  487 
Benzamerone,  383 
amide,  199,  206 

bromide,  203 
chloride,  203 
haloids,  209 
iodide,  203 
sulphonic  acid,  216 
amidine,  204 

diazo-benzene,  204 
hetero-ring  formations,  205 
phenyl-thiurea,  204 
methane,  205 
mmidoxime,  204 
anilide,  199 

imide  chloride,  203 
Benzantialdoxime  acetate,  186 
Benzaurin,  360 
Benzazimide,  213,  606 
Benzelnes,  359,  360 
Benzene,  18,  30,  45,  47,  437 
azocarix>namide,  127 
dimethyl  aniline,  115 
diphenylamine,  115 
ethane,  113 
methane,  112,  113 
naphthalene,  397 
naphthyl-phenylamine,  398 
nitroethane,  114 
phenol,  155 
resoTcinoI,  161 
sulphonic  acid,  103 
derivatives,  30 
diazoacetanilide,  109 
anilide,  108 
carbonamide,  103 
carboxy lie  acids,  114 
sulphones,  103 
azthine,  128 

carboxylic  acid,  239,  242,  243 
sulphonic  acids,  136 
sulphoxide,  139 
halogen  substitution  products,  57 
hexabromide,  293 

carboxylic  acid,  43 
hydrazophenetol,  155 
hydrocarbons  containing  a  single 

nucleus,  47 
induline,  601 
of  crystallization,  351 
oxyquinones,  170 
pentacarboxylic  acid,  246 
phenolpbtb^ide,  j6^ 


Benzene  phthalin,  361 

pyrogallolphthalide,  363 
ring,  decomposition  of,  44 
formation,  450 
formations,  4 1 
resorcinol  phthalide,  363 
sulphamide,  135 
sulphinic  acid,  139 
sulpho-diazobenzene  amide,  1 35 
sulphone,  140 
sulphonhydrazide,  135 
sulphonic  acid,  69,  135 
sulphonitramide,  135 
tetracarboxylic  acid,  246 
theory,  Kekuli,  30 
thiosulphonic  acid,  139 
tricarboxylic  acid,  191,  245 
sulphonic  acid,  136 
Benzenylamidine,  204 

amido-thio- phenol,  199 
amidoxime,  208 

acetic  acid,  608 

anhydride,  442 
butyric  acid,  208 
ethyl  ether,  208 
glycollic  acid  anhy- 
dride, 208 
methyl  ether,  208 
azoxime-thiocarbinol,  515 
bromoxime-acetic  acid,  ^>8 
carbonyl  azoxime,  515 
chloroxime- acetic  acid,  208 
compounds,  203 
dioxytetra-azotic  acid,  205 
diphenyldiurelde,  204 
ethyl  ether,  208 
fluoroxime  acetic  acid,  208 
hydrazidine,  204,  205 
drazoxime  ethidene,  208 
droxylamine-acetic  acid,  20S 
methoxime  bromide,  208 
nitroxime-acetic  acid,  208 
oximido-carbonic  ester,  208 
glycollic  acid,  208 
tetrazotic  acid,  205,  519 
trichloride,  208 
lienzglycocyamidine,  213 

hydrazoln,  Z17,  185,445 
hydrol  carboxylic  acids,  349 
ether,  344 

lactone  carboxylic  acid,  349 
hydrols,  344 

droxamic  acid,  2o6,  207 

ethyl  ether,  207 
methyl  ether,  207 
imtc  acid  chloride,  208 
drylamine,  344 

benzoic  acid^  ^9 
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Rcnzhydrylhydroxylmmine,  349 
lionzidam,  74 
BeDzidinCy  337 

disulphate,  337 
dye»,  138,  338 
rearrangement,  79,  1 18 
sulphonic  acid,  339 
Benzil,  373 

carlwxylic  add,  376 
dianil,  374 

dicarboxyltc  acid,  376 
dioxime  diacetates,  374 
dioximes,  373 
I^nzilic  acid,  369 
I^n/.ilmonanil,  374 

monoximes,  373 
l^iizilo-tropeTne,  568 
Benzimidazole,  497,  500 

hydrides,  501 
azoles,  499,  501 
azolincs,  501 
imidazolon,  502 
imido-ethyl  ether,  204 
imidothio-cthyl  ether,  204 
isothiazole,  1 81,  479,  507 
isoxozole  group,  495 
Benzoazimidole,  511 

bisimidazoles,  501 

methyl  imidazole,  501 
diazthine,  608 
furfurane,  463,  464 
hydrometoxoziiie  anil,  581 
thiazine  anil,  583 
thionietoxazine,  581 
thiazine,  583 
methyldifurfumne  dicarboxylic  es- 
ter, 464 
phenyl  metoxazine,  5S0 
pyra/olons,  493 
pyrrol,  463 
furazane,  515 
furfurane,  462,  463 
glyoxalines,  4<jy 
Benzoic  acid,  69,  176.  193,  464 

thionyl  hydra/one,  216 
trichloride,  208 
anhydride,  1 98 
sulphinide,  216 
Benzoin,  37a,  502 

anilanilide,  373 
anilide,  373 
indulines,  601 
hydrazone,  372 
oxime,  470 
resin,  274 
toluide,  373 
Benzoisothiazole,  507 

keto  morpholinc,  $81 
leloic  acid,  300 


Benxooietadiazines,  589 
methyldiazthine,  608 

orthoxazinoo,  580 
morpholine,  581 
nitrile,  69,  83,  202 
paradiaxines,  594 
phenol,  142 
phcnonc,  345f  3^7 

bromide,  345 
carboxylic  acids,  349 
chloride,  345 
dicarboxylic  acid,  350- 
dilactoiie,3f 
phenones,  344 
phenooe  sulphide,  526 
synthesis,  345 
phenoooxime,  346 
pyrazolon,  493 
pyrone,  523 
pyrrodiazole,  510 
pyrrol,  462 
quinone,  167,  299 
Benzorthodiazines,  586 
oxazinoD,  580 
oxazole,  504 

azoles,  153,  503 
oxyazo  benzene,  1 72 
Benzoylacetaldehyde,  250 
aldoxime,  250 
acetic  add,  259 
ester,  259 
acetoacetic  ester,  261 
acetone,  250,  481 
acetonhrile,  260,  494 

pheoone  monoxime,  494 
acetyl,  250 
acrylic  add,  288 
amido-cinnamic  add,  276,  277 
dnnam-lactimide,  276 
anthranilic  add,  212 
azide,  201 
azimide,  198 

benzhjrdroxamic  ester,  207 
benzoic  acid,  395 
lienzylamine,  200 
bromide,  198,  199 
butane,  189 
butylcarbtnol,  249 
carbinol,  190,  248,  255 
acetate,  248 
benzoate,  248 
chloride,  248 
oxime,  249 
chloride,  198,  257,  467 
chlorimide,  199 
Conine,  564 

coumarone,  379,  463,  464 
cTQtoatc  acid,  288 
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Eoylcyanacetic  methyl  ester,  263 

acetoester-carboxjHc       acid, 

cyanide,  257 

oxime,  258 
diaaobeozene,  114,  201 
ketohydrindene,  388 
methyl  aniline,  347 
oxybenzene,  349 
sulphide,  199 
enguanidine,  213 
urea,  213,  592 
fluoride,  198 
formaldehyde,  249 
formic  acid,  257 
formolo,  38Z,  495 
fonnoxime,  249 
formoximic  acid  chloride,  258 
glycocoll,  200 

collie  acid,  I98, 200,  261 
oxylic  acid,  261 
hydrazine,  200 
iodide,  198 
batin,  258 
isatinic  acid,  258 
isonitroso-acetic  ester,  261 

succinic  ester,  263 
malonic  ester,  263 
mesitylene,  345 
nitride,  198,  201 
peroxide,  184,  198 
phenacyl-acetic  acid,  381 
phenol,  348 
phenyl -alanine,  253 

hydrazimethylene,  445 
hydrazine^  201 
hydni«me-glyoxylic   ester, 
261 
phthalic  acid,  350 
piperidine,  540 
propane,  i^ 
piopioDaldehyde,  250 
propionic  acid,  255,  261 
pynsole,  481 
pyroracemic  acid,  261 

ethyl  ester,  261 
sulphide,  199 
tetrahydroisoquinoHne,  557 

quinoline,  258,  551 
methylene,  190 
toluides,  199 
tricarballylic  acids,  264 
methylene,  190,  260 

carboxylic  acid,  260 
tropine,  569 
xylene,  345 
ixpbenylhydrazide-imide-chloride,  203 
pinacolines,  378 
pinacone,  378 
11—52 


Benzpinacone  dicarboxylic  acid,  378 
pyrrol,  465 

sulpb-hydroxamic  acid,  1 35 
terephthalic  acid,  349 
thiazoles,  157,  507 
thiophene,  269,  462,  463,  465 
trichloride,  208 
furfurane,  464 
methyl  metoxazme,  580 

trifurfurane      tricarboxylic 
ester,  464 
Benzylacetamide,  180 
acetate,  178 
acetoacctic  acid,  385 

ester,  260 
acetone,  190,  291,  385 
acctophenone,  379 

succinic  ester,  263 
alcohol,  176 

carboxylic  acid,  234 
phenyl  ketone,  372 
sulphonic  acid,  181 
amine,  179,  252 

carboxylic  acid,  235 
angelic  lactone,  287 
aniline,  179 
arahinoside,  177 
benzene,  342 

group,  342 
benzoic  acid,  349 
ester,  198 
benzyl-oxyindol,  469 
carbinol,  177 
chloramine,  179 
chloride,  177 
chlormalonic  ester,  262 
cyanide,  203 
desoxybenzoin,  379 
dimethyl  carbinol,  177 

sulphine  iodide,  178 
diphenyldihydropyrazine,  593 
diphenyls,  350 
disulphide,  178 
durene,  343 
Bcnzylene-thio-urea,  583 
ethyl  ether,  177 

ketone,  190 
glutaconic  ester,  289 
glycollic  acid,  253 
hydride,  183 
hydroxylamines,  180 
hyposulphurous  acid,  178 
idene  acetone,  272 

acetophenone,  379 
aniline,  185 
bisdesoxybenzoTn,  383 
derivatives,  487 
desoxybenzoin,  379 
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Benzylidene  diphenylitaconic  mcid,  382 
hydrazine,  185 
imide,  184 

methyl  isoxazolons,  495 
nitroacetophenone,  475 
phenylenediamine,  185 
phthalide,  376 
isophthalic  acid,  349 
laevulinic  acid,  261 
malon-carboxylic  acid,  265 
malonic  acid,  262 
mesitylene,  343, 
methoxime  chloride,  208 
methylcarbinol,  177 
ether,  177 
ketone,  190 
nitramine,  179 
morphoHne,  581 
mustard  oil,  180 
oxethylamine,  179 
oxyvaleric  acid,  255 

lactone,  255 
pentaethyl  benzene,  343 
phenol,  343 
phenyl  ether,  177 

methyl -pyrazolon,  488 
oxethylamine,  503 
phosphates,  178 
phthalazone,  376,  587 
phthalimide,  241 

iraidine,  376 
succinic  acid,  262 

anhydride,  262 
sulphide,  178 
sulphone,  178 
sul phonic  acid,  178 
sulphoxide,  178 
sul phyd rate,  1 78 
tartronic  acid,  262 
thiourea,  180 
toluenes,  343 
urea,  180 
xylene,  343 
Berbcrine,  578 
Berberonic  acid,  537 
Bcrgamot  oil,  310 
Bergapten,  286 
Betalne,  439,  440,  446 
Betel-phenol,  270 
Bidesyl,  381 
Bidiphenylene  ethane,  418 

ethylene,  418 
Bieberich  scarlet,  138,  402,  434 
Bifluorene,  418 
Biguanide,  128 
Bihydroisothujol,  314 
quinone,  339 
Bilberry,  301 
l^j'ndschedler's  green,  174 


Biphenol,  339 
Biphenyl,  335 

carboxylic  acids,  340 
dicarboxylic  adds,  340 

sulphonic  acid,  339 
methylolid,  340 
solphonic  add,  339 
Bipyrocatechine,  339 
Biresorcinol,  339 
Bisacenaphthylidene,  410 

acetyl  glyoxyllic   ester  phenyl  hydn 

«>ne,  339 
azobenzil,  373 
benzimidazoles,  501 
benzothiazole,  508 
diketohydrindene,  388 
dimethylazimethylene,  486 
glyoxalidioe,  499 
glyoxaline,  497 
hydrazibenzii,  373 

carbonyl,  607 
isoxazoles,  494 
Bismarck  brown,  95,  116 
methylbenzoy]  caii>inol,  248 

isoxazole,  494 
muth  triphenyl,  133 
nitro-benzyl  hydrozylamine,  1 8c 
phenylalkyl  carbamate,  161 

methylpyrazolon,  487, 4^ 
pyrazoles,  481 
pyrazolon,  487 
tetrazole,  520 
triazoles,  513 
Bitter  almond  oil,  183 

g»«en»  354,  355 
principles,  432 
Bordeaux  dyes,  403 
Borneo  camphor,  324 
Borneo],  324 

acetyl  ester,  325 
methyl  ether,  325 
Bomylamine,  326 

chloride,  325 
Brasilein,  433 
Brasilin,  433 
Briganum  hirtum^  I45 
Brilliant  green,  355 

yellow,  370 
Bromacetanilide,  84,  474  , 

acetophenone,  190,  248 
anilic  acid,  1 70 
anilido-indone,  386 
aniline  sulphonic  add,  137 
benzaldehyde,  186 
benzenes,  59 
benzoic  acid,  209 
benzophenone,  346 

oxime,  346 
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ombenzy]  alcohol,  180 
bromide,  180 
camphoric  acid,  332 
camphoro-anhydridic  acid  chlorides, 

333 

chlormethylene  homophthalic    acid, 

393 

dnnamic  acid,  275,  276 

coamario,  a8z,  463 

cyclohexane,  294 

diphenacylens,  3S0 
phenyl,  336 

ethylbenzamide,  503 
naphthalene,  410 

hydratropic  acid,  252,  253 

hydrocinnaroic  acid,  254 
romide  of  phthalaldehydic  acid,  237 

indene,  385 

isodehydracetic  acid,  451 
phthalic  acidy  242 

bevulinic  acid,  466 

mandelic  acid,  251 

naphthalenes,  395 

naphthoquinone,  404,  405 

nitro-diphenyl,  336 
hydrindone,  387 

nitrosobenzene,  70 

oxycinnamic  acid,  463 
hydrindene,  387 
indone,  386 

pentamethyl  benzene,  63 

phenanthrene,  414 

phenol,  149 

phenylhydrazine,  120 

phthalide,  236 

piperonal,  220 

propylpiperidine,  540 

pseudocumene,  63 

pyrazole,  483 

pyridine,  533 

pyromucic  acid,  451 

quinolines,  547 

resacetophenone,  249 

salicylic  acid,  225 

styrene,  271 

styrolene,  267 

thiopbene,  454 

toluene,  62 

xylene,  63 
rdnner's  acid,  399 
rucine,  575 
How's  reactioo,  125 
utallylcarbindimethylamine,  461 
Dtenyl  trioxybenzene  methyl  methylene 
ether,  ayo 
atyl  benzenes,  56 

benzoic  ester,  198 

naphthalene,  394 

pbeajlketoDe,  i8g 


Butyrolactam,  438,  46a,  480 
lactone,  437 
phenone,  189 

carboxylic  acid,  238 
Butyrylacetophenone,  250 
fenchylamine,  326 
Buzylene,  1 31 

compounds,  131 
derivatives,  64 


CaffeIc  acid,  282 
Cajeput  oil,  315 
Calcium  formate,  465 

isoferulate,  269 

quinate,  301 

Camphan  group,  321 

Camphanic  acid,  332 

Camphel  alcohol,  325 

amine,  326,  328 
Camphelylisocyanate,  328 
Campbene,  308,  321 

dibromide,  321 
glycol,  325 
hydrochloride,  321 
Camphenilan,  322 

•aldehyde,  322 
Camphenilanic  acid,  322 
Camphenilol  acid,  322 
Camphenilon,  322 
Camphenone,  330 
Campho  add,  322,  33a 
Camphol,  324 

actone,  332 
alcohol,  325 
amide,  328 
amine,  326,  328 
Gunpholene,  329 

dibromide,  329 
Gimpholenic  acid,  328 
Campholic  acid,  328 
Campholide,  332 

imidine,  332 
Camphopyro  acid,  332 
Camphor,  25,  290,  308,  321,  326,  327 
Camphoranic  acid,  333 

carboxylic  acid,  330 
constitution  of,  327 
dichloride,  328 
dioximes,  329 
Camphoric  add,  27,  331 

diamide,  331 
dichloride,  331 
imide,  331 
methyl  imide,  331 

isolmidft^  'V^v 
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Camphorimine,  328 

methylene  corboxjlic  acid,  330 

nitrilo  acid,  331 
Campboro-anhydridk  acid,  333 

onic  acid,  333 

oxime,  328 

phorone,  26,  331 

pinacooe,  326 

quinooe,  322,  319 

semicarbazone,  328 
Camphoryl  hjdroxylainiDe,  331 

malonic  ester,  333 
Camphylamine,  326 

isoazolon,  496 

phenylpyrazolon  carboxylic  ester, 

Cantharene,  294,  432 
Cantharic  acid,  432 
Cantharidin,  432 
Cantharinic  acid,  432 
Caoutchouc,  307,  334 
Carbanile,  89,  106 
Corbanilic  acid,  85 
Carbanilide,  85 
Carbazole,  336,  462,  463,  477 
blue,  477 
potassium,  477 
Carbazotic  acid,  150 
Carbinol  benzoic  acid,  233,  251 

bromide  benzoic  acid,  235 
Carbinols,  353 
Carbobenzoyl  acetic  acid,  265 

propionic  acid,  265 

lactone,  265 
benzyl  malonic  acid,  265 
cinchomeronic  acid,  537 
cyclic  compounds,  17,  18 
diphenylimide,  go,  502 
ethoxy-phenylmethylpyrazolons,  484 
hydrocinnaniic  acid,  393 
Carbolic  acid,  142,  143 
mandelic  acid,  264 
methoxy -phenyl  methylpyrazolons, 
484 
Carbonic  acid,  441,  442 

ethidene  ester,  478 
Carbon-oil  acid,  143 
Carbonyl  amidophenol,  153,  504 
amidothiophenol,  157 
bcnzenyl  azoxime,  208 
oxime  anhydrides,  442 
pyrrol,  458 
thiocarbanilide,  446 
phenylglyoxylic  acid,  265 
pyridyl  glyceric  acid,  536 
pyrotritartaric  acid,  451 
pyrrol  gloxylic  acid,  460 
styril,  288,  548 

carboxylic  acid,  \%*l ,  ^^^ 


Carbostyril  formation,  277 

styrilic  acid,  212 

styril  methyl  ether,  548 
CarboxyethylanthraniUmide,  212 
Carboxyl-apocamphoric  acid,  323,  332 

aertTati?es  of  the  ozjtriphenyl 
carfoinoU,  363 
of  triphenyl  caitnnol, 

362 
of  triphenyhnethane, 
361 
Carboxylic  adds,  27,  379,  381,  419,  445 
of  dibenzyl  group,  375 
of  farforane,  450 
Carminic  acid,  405,  433 
Carone,  319 
Caronic  acid,  319 

anhydride,  319 
Carthamin,  433 
Cartkamus  iiHc/armm,  433 
Carracrol,  144,  145,  298 
Canracrotin  aldehyde,  219 
Carvacrotinic  add,  226 
Carvene,  311 
Carrenone,  319 
Carveol,  319 

methyl  ether,  317 
Carrestrene,  312 
Carvol,  145 
Canromenthene,  293,  313 

menthylamine,  317 
Carrone,  299,  320 

tan  acetone,  319 
Canroxime,  321 
Carvum  carvi,  145 
Carylamine,  317 
Castoreum,  142 
Catechin,  228,  232 
Catechinic  acid,  232 
Catechu- tannin,  232 
Caucasian  petroleum,  291 
Central  formula,  40 
Cetraria  vulpina,  382 
Cetyl  benzene,  57 
Cetyldesoxybenzoln,  371 
Cevadine,  575 
Chavibetol,  268,  270 
Chavica  betle,  269 
Chavicol,  268,  269 
Chelidamic  acid,  537 
Chelidonic  acid,  522 
Chloracetoacetic  ester,  464 

acetone,  466 

aceto-phenone,  190,  248 

acridine,  560 

aldehyde,  504 

anil,  169,  464 

anilamic  acid,  1 70 
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iloranilic  acid,  1 70 
aDilido-indone,  386 
mniline,  92 
benzaldehyde,  186 
benzene  hexachloride,  293 
benzenes,  58 
benzoic  acid»  209 

phenone  oxime,  346 
thiazole,  508 
trichloride,  224 
bromstilbene,  375 
camphor,  328 
carbazole,  477 
carbonylphenyl-ortho-phosphoric  acid 

dichloride,  224 
carbostyril,  285 
cinnamic  acid,  62, 275,  276 
desoxybenzoln,  379 
dibrom-hydrindone-carboxylic    acid, 

388 
diphenyl,  336 
ethyl  benzene,  177 
hydratropic  acid,  252,  253 
hydrocinnamic  acid,  255 
blorination,  exhaustive,  43 

done  carboxylic  acid,  393 
isonitrosoacetophenone,  258 

phthalic  acid,  242 
lutidine  dicarboxylic  acid,  538 
methyl  benzamide,  234, 236 
benzanilide,  234 
benzoic  acid,  234,  236 
benzonitrile,  234 
benzoyl  chloride,  234 
methylene  camphor,  330 

glyoxaline,  497,  498 
isoaainoline,  556 
tricnlorimidazole,  501 
naphthalenes,  395 
naphthalene  sulphonic  acids,  399 
naphthols,  391 
naphthoquinone,  404,  40$ 
nicotinic  acid,  536 
nitrocamphor,  328 

hydrindone,  387 
nitrosobenzene,  70 
klorobenzil,  375 

benzylacetophenone,  379 
^or-o-diketo  penta-methylenes,  26 
ilorophyl,  434 

oiydiphen  oxazone,  582 

phenyl  qoinoxaline,  596 
hydrindene,  387 
indone,  386 
naphthoquinone,  405 
phenanthridme,  558 
phenol,  149 

phenyl  benzoyl  hydrazine,  201 
hydrazine,  120 


Chlorphenyl  isoquinoline,  556 
mustard  oil,  508 
paraconic  acid,  263,  391 
quinazoline,  590 
phthalazine,  586 
propyl  benzene,  1 77 
])yndine,  26,  533 
quinazolines,  590 

oline,  547,  556 
quinone,  45 
salicyl  chloride,  224 
salicylic  acid,  225 
stilbene  dibroroide,  375 
dichloride,  375 
styrene,  271 
styrolene,  267 
thiazole,  505 
thiophene,  454 
toluene,  62 
toluic  acid,  235 
triazoles,  $12 
Chromotrope,  403 
Cbrysamine,  338 

ammic  acid,  428 
aniline,  356,  560 
anisic  acid,  214 
arobin,  428 
azin,  428 
azine,  424 
azol,  423 
Cbrysene,  48,  4x6 

fluorene,  388,  417 

alcohols,  419 
Chrysenic  acid,  408,  416 
Chrysin,  523 
Chrysofluorene,  418 
Tdine,  1 16 
ketone,  416,  419 
phanic  acid,  428 
phenine,  370 
quinone,  416 
Cicuta  TnrosQj  56,  283 
Cinchene,  573 
Cinchomeronic  acid,  536 
Cinchona  bark,  301 
Cinchonine,  256,  572 
Cinchoninic  acid,  549 
Cinene,  311 
Cineol,  315 
Cineolic  acid,  315 
Cinnamcarboxylic  acid,  392 
Cinnamenyl  acetone,  273 

oxime,  273 
acrylic  acid,  285 
angelic  acid,  285 
crotonic  acid,  285 
cyanacrylic  acid,  289 
malonic  acid,  289 
Cinnamic  acid,  2$^,  266,1m 
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Cinnamic  acid,  amide,  375 

anhydride,  275 
anilide,  275 
chloride,  275 
derivatives,  275 
dibromide,  256 

ethyl  ester,  256 
methyl  ester, 
256 
dichloride,  256 
ethyl  ester,  275 
methyl  ester,  275 
nitrile,  275 
phenyl  ester,  275 
aldehyde,  272 

cyanhydrin,  256 
Cinnamon  oil,  272 
Cinnamyl  alcohol,  266,  ayz 
aldehyde,  266 

qranhydrin,  287 
amine  benzylidene  acetone,  383 
carboxylic  acid,  a86,  287 
cyanide,  287 
formic  acid,  287 . 
idene-acetophenone,  383 
methyl  ketone,  272 
pyrrols,  460 
tolimidazole,  501 
Cinnolines,  586 
Cis-benzene  bexachloride,  293 
CitraconaniU  91 
Citraconanilic  acid,  90 
Citrazinic  acid,  529,  538 
Citrel,  310 
Citrene,  311 
Citroncllal,  310 

nellic  acid,  310 
nellol,  309 
CUrus  aurantium^  3H 

bergamia  risso^  286 
decumana^  432 
Coal  tar,  48 
Cocaine,  274,  569 
Coccinic  acid,  434 
Coccus  cacti  cocciuelliferiy  433 
Cochenillic  acid,  434 
Co<le!ne,  576 
Coerulein,  366 
Coerulignone,  339 
Coffee  bean,  301 
Coke,  48 
Collidine,  532 

dicarboxylic  acid,  537 
Colophonium,  291 
Colophony,  322,  334 
Copellidine,  540 
Comanic  acid,  522 
Comazonic  acids,  580 
Comenic  acid,  523 


Common  camphor,  327 
Condensation,  aromatic,  43 
Condensations  of  o-diamines,  95 
Condensed  nuclei,  29, 384 
Congo  yellow,  338 
Coniferine,  272,  430 
Coniferyl  alcohol,  27a,  430 
Conine,  541,  562 

hydrochloride,  564 
tartrate,  564 
Constitution  of  benzene  nucleus,  39 
Convolvulin,  431 
Omvohmlui  oritabensis^  431 

purga,  431 
Conylene  urethane,  564 
Con3rrine,  532 
Coriander  oil,  310 
Coriandrol,  310 
Cotamic  acid,  242 
Coto  bark,  287,  349 
Cotoln,  349 
Coumalic  acid,  523 
Coumalin,  522 
Conmaran,  464 
Coumarates,  279 
Coamaric  acid,  277,  279,  280,  282 

dimethyl  ether,  279,  280 
Coamarilic  acid,  281,463,  464 
Coumarin,  a8z,  285 

bromide,  281 

homologues,  281 

monomethyl  ester  acid,  281 

propionic  acid,  289 
Coumarinic  acid  dimethyl  ether,  279 

dimethyl  ester,  281 
Coumarins,  279,  523 
Coumarone,  442,  462,  463,  464,  465 
Coumaroxime,  i&\ 
Creolin,  144 
Cresol,  143,  144,  160 
benzelne,  360 
Cresolin,  144 
Cresorcin,  i6l,  163 
Cresotinic  add,  47,  225,  251 

chloride,  224 
Crocein  acid,  403 
Croconic  acid,  27,  97,  171 

hydride,  171 
Crotonic  acid,  165 
Crotonylene,  57 
Crystal  violet,  357,  358 
base,  358 
Crjrstallin,  74 
Crystalline  veratrine,  575 
Cubebine,  272 
Cubebs,  272 
Cumaric  aldehyde,  272 
Cwmaxone^  269^  271 
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:  acid,  278 

43 
5 

369 


»«» 273 
turn,  56 
ohol,  177 
ine,  179 


sulphide,  518 
433 
^<^«,  433 


oe,  238,  260,  263 

carboxylic  acid,  265 
5,130 

)ride,  237,  238 
de,238 

.349 

id,  236,  241,  242,  243 

ester,  241 
loride,  241 
tic  ester,  245 
jhol,  234,  235 
ine,  235 
wide,  234,  235 
nide,  244 
588 

ucid,  287,  288 

ethyl  ester,  288 
methyl  ester,  288 

18 

288 

Bethane,349 

I 

4 

imic  ester,  245 

P»442 

^ 

nd,  331 

;88 

-camphor,  330 

ies,409 

502,  205,  604 
drazine,  130 
>thyl  triazole,  512 


Cyanpyrrol,  458 
toluenes,  202 
toluic  acid,  244 
triphenylmethane,  362 
Cyanur-triethyl,  604 
Cyclic  alkylenimides,  435 

urea  derivatives,  85 
alkylidene-ureas,  446 
amidines,  96 
ammonium  salts,  137 
anhydrides  of  oxy-acids,  442 
carbonyl-urea&,  446 
derivatives   of    dibasic   carboxylic 

acids,  435 
diazides,  1 37 

double-acid  amide,  252,  253 
esters  of  amido-acids,  435 

of  oxy-acids,  435 
ethers,  441,  442 

of  the  glycols,  435 
of  the  thioglycob,  435 
guanidines,  96 
ketones,  26 
sulphureas,  97 
thiocarbonyl  thioureas,  446 
ureas,  96,  439,  441 
Cyclobenzoquinone,  299 
diolefines,  18 
diphenyltetrazolium  chloride  carbox- 

ylic  ester,  521 
formazylcarboxylic  ester,  339 
heptadi€ne,  28 
heptane,  28 
heptanon,  28 
heptene,  28 
hexadi^n,  294 
hexadienes,  293 
hexandion,  2^ 
hexane,  48,  291 
diol,  294 
triol,  295 
hexanhexene,  295 
hexanol,  294,  296 

carboxylic  acid,  301 
hexanon,  296,  301 
hexanpentol,  295 
hexantriones,  297 
hexenes,  293 
olefines,  18 
paraffins,  17,  18 
pentadTene,  25 
pentan  acetic  acid,  27 

carboxylic  acid,  27 
dicarboxylic  acid,  27 
pentanon,  26 
tetracarboxylic  acid,  27 
2,3-dion-i4-dicarboxylic  es- 
ter, 28 
pentane,  25 
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CyclopenUool,  26 

pentanon,  26 

pentene,  25 

propane,  %2 

trioiefines,  18 
Cymene,  53,  $6,  144*  S^ 
CjmopheDol,  14S 

thiophenol,  14S 
Cytisine,  s^S 


D. 


Dahlia,  358 
Dahl*!  add,  399 
Dambonite,  295 
Dambose,  295 
Daphne  tUpimm^  43I 

mtureum^  bark  of,  283 
Daphnetic  add,  283 
Daphoetin,  283,  463 
Daphnin,  283,  431 
Decahydrocwboatyril,  552 

naphthaleDe,  413 

qmnoline,  545,  55 1 
Decompositions  of  the  naphthalene  ring, 

392 
Dehydracetcarboxylic  acid,  522 
dracetic  acid,  522 
drofichtelite,  416 
mucic  acid,  451 
thiotoluidine,  158,  507 
Dermatol,  230 
Desaurines,  371 
Desoxyanisoin,  371 
benzoin,  371 

carboxylic  acid,  376 
toluoln,  371 
Desylacetic  acid,  377 
acetophenone,  380 
nnilide.  373 
bromide,  373 
Determination  of  jwsition  of  benzene  sub- 
stitution  pnnlucts,  34 
of  positions,  36 
Dcxtromandelic  acid,  251 

trojM'c  acid,  253 
Diacetanilide,  82 

benzidine,  337 
caffeic  acid,  283 
Diacetonyl-dibenzyl,  377 
osotriazone,  124 
phenolphthalein,  364 
phenylhydrazide,  126 
phenylhydrazone,  123 
Diacetylbenzene,  233 

cyanbenzyl -cyanide,  244 
durene,  233 


Diacet  jliaodnrene,  233 
lutidine,  535 
mesitylene,  233 
Diagonal  formiila,  40 
Dialphylsulphoureas,  73 
Diamido-anthracene,  423 

azo-benxene,  115, 116 
benxenes,  94 
benxidine,  338 
benzoic  ad^  214 
benzo-methjlimidazole,  $01 

pfaenone,  348 
biphenyl  dicarboxylic  acid,  341 
dtsulpbooic  acid,  J39 
cyanidine,  605 
dimethyl  aniline,  97 

dipbenyl,  338 
dinaphthyls,  410 
dioxyqoinone,  166, 170 
diphenic  add,  340 
dipbenyl,  337 

ene  oxide,  476 
methane,  343 
phthalides,  363 
sulphide,  158 
ditolyl  sulphide,  158 
hexamethylene,  296 
hydrazobenzene,  1 17 
hydromellitic    tetraethyl   «lc^ 

246 
hydroquinone,  164 
mcsitylene,  95,  232 
naphthalenes,  397 
phenazine,  96,  599 
phenols,  154 
phenyl-tolyl,  338 
pseudocumene,  95 
pyrazole,  483 
quinone-imide,  154, 172 
stillx^ne,  370 
tctraoxybenzene,  166 
thiodiphcnylamine,  5S4 
toluenes,  95 
triphenyl  carbinol,  354 
methane,  352 
Diamidrazone,  130 
Diamines,  94 
Dianilidoquinone,  168,  170,  173 

anil,  1 68.  170,173 
dianil,  168,  170, 1/3 
toluquinone,  170 
Dianisidine,  340 
Dianthranol,  424 
Dianthryl,  424 
Diatropic  add,  278 
Diazides,  153 
Diazines,  584 

Diazoacetic  ester,  99,  445,  484,  4S6 
alkali  salts,  loi 
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liazoami^bbenzene,  108 

benzoic  acid,  215 

bodies,  63,  73 

compounds,  78,  106 

toluenes,  109 
benzene  acid,  98,  102 

amidobrombenzene,  109 

toluene,  107 
anhydride,  102 
anilide,  108 
chloride,  99,  Z02,  125 
cyanide,  103 
diazo-resorcinol,  l6i 
etbylamine,  109 
imide,  ill 
methyl  ether,  102 
nitrate,  102 
perbromide,  70,  102 
pipeiidine,  109 
potassium,  102 
sulphocyanide,  102 
sulphonic  acid,  103 

acid    anhydrides, 

137 
acids,  137 
sulphoxide,  125 
sulphoxyl,  100 
tbiophenyl  ester,  157 
benzenes,  99 
benzoic  acids,  215 
compounds,  63,  73,  99,  100 

of  naphthalene,  397 
cyanides,  114 
derivatives,  78* 
hydrazo-compounds,  131 
imido-benzoic  acid,  215 
compounds,  no 
methane,  70,  145,  439,  440. 445,  4S6 

disulphonic  acid,  445 
naphthalene  sulphonic  acid,  400 
naphihalic  acid,  397 
naphthiouic,  400 
lazonium  salts,  loi,  102 
oxides,  441,  480,  516 
oxyamido  benzene,  70 

compounds,  no 
perbromides,  105 
perhalides,  102 
phenolcarboxylic  acid,  155 

cyanide,  155 
pbenoli,  154 
phenyleoe  diamine,  116 
propionic  ester,  445 
psendo-cumene  acid,  99 
selaiide,  441 
iiiccinic  ester,  445 
sulphides,  *44i,  517 
tetrazole,  520 
thiaxole  hydnte,  505 

11-53 


Diazotoluene  acid,  99 

Diazthine  derivatives,  442 

Diazthines,  608 

Dibenzal  diphenyldihydrotetrazone,  131 

Dibenzamide,  199 

Dibenzamidine  urea,  205 

Dibenzene  sulphudihydropyrazine,  $39 

sulphone  methylenephenylene- 

diamine,  501 
sulphonhydroxylamine,  135 
Dibenzenylazo-sulphime,  517 
azoxime,374,  515 
hydrazidine,  205 
isazuxime,  516 
Dibenzhydroxamic  acid,  207 
Dibenzofurfurane,  462,  476 
Dibenzolacetyl methane,  379 
paradiazines,  597 
pentene,  388 
pyrones,  523 
pyrrol,  462,  477 
thiophene,  158,  462,  476 
Dibenzoyl,  373 

acetic  acid,  380 
acetone,  379 
acid,  255 
benzenes,  350 
diamidoethylene,  497 
dibenzyl,  381 
dimethyl-tetrahydroquinazo- 

line,  591 
ethane,  380 
ethyl  ester,  255 
furazane,  515 
glyoxime,  381 
hydrazine,  201 
malonitrile,  379 
methane,  379 
methyl  ester,  255 
phenolphthaiein,  364 
phenyl  ethane,  380 
propionic  acid,  381 
styrcne,  381 
still)cne,  381 
succinic  acid,  382 
Diben/.yl,  369 

acetic  acid,  379 
amine,  1 78 

adine-triacetophenoncs,  383 
benzenes,  350 
carbinol,  378 
carlx>xylic  acid,  376 
cyanurate,  180 
dicarboxylic  acid,  376,  377 
diphenol  methane,  378 
diphenyldihydropyrazine,  593 
ethane,  380 
etbylamine,  380 
glycolUc  acid)  ^80 
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Dibcnzyl  guanidine,  l8o 
homologues,  370 
hydrazine,  180 
hjdroxylamine,  1 80 
idene  acetone,  383 

pbenylene  diamine,  185 
succinic  acid,  382 
ketone,  378 
malonic  acid,  379 
methane,  378 
monocarbozylic  acid,  376 
nitrosamine,  179 
oxalate,  1 78 
piperazine,  594 
pyridine,  532 
succinic  ester,  260 
urea,  180 

chloride,  180 
Dibromacetophenone,  249 
aniline,  92 

anthranilic  acid,  68,  213 
anthraquinone,  425 
benzopnenone,  346 
chlor-hydrindone  carboxylic  acid, 

393 

cinnamic  acid,  275,  385 

cyclohexanc,  295 

diozophenol  sulphonic  acid,  155 

diphenyl,  336 

diphenylene  oxide,  476 

durene,  63 

gallic  acid,  230 

iiydrindcne,  387 

hydroatropic  acid,  255 
cinnamic  acid,  256 

indigo,  475 

indone,  385,  386 

ioilacetoplicnonc,  249 

isodurenc,  63 

mcnthane,  318 

nitro-acctophcnones,  249 

prehnitol,  63 

(juinone,  163 

clilorimide,  172 
phcnolimidc,  173 

shikiraic  acid,  301 

stilbencs,  375 

styrolene,  267 

thiophene,  454 
Dicamphor,  328 
Dicarbobenzobis-phenylpyrazolon,  493 

phenyl glyoxylic  acid,  266 
Dicarboxethyldiphenylcarbazide,  128 
Dichloracetophenone,  249 

amidophenol,  153 

aniline,  92 

benzenes,  59 

cinnamic  acid,  275 

diazophenol,  1S3»  5^^ 


Dichlordihjdrotereplitbalic  ackl,  304 
diketohydruideiie,  388 
diphenyl,  336 
ethyl  bensene,  247 
hydiindene,  3i87 
hjrdrodnnamic  add,  256 

qaiDooe    dicaiboxylic   ester, 

305 
qoioooe     disulphonic    tdd, 
164 
indigo,  475 
indol,  468 
indone,  386,  393 
isoquinoline,  244,  556 
mafelnimide  mnil,  91 
methox3rphthalic   acid    anhydiide 

241 
methylchlorrinyl-o-diketone,  46 
methylene  phthalide,  286 
naphthalenes,  395 
naphthoquinone,  386,  393,  406 
nitroacetophenone,  249 

ethyl    benzoyl    formic     ack 

393 
salicyl  chloride,  224 
stilbene,  370 
oxyindene  carboxylic  acid,  386, 3c 
phenol,  149 

phenyl  paraconic  add,  263 
picoline,  533 
piperonal,  220 

chloride,  220 
pyridine,  533 
quinazoline,  590 
quinoline,  547 
quinone,  1 63 

dicarbozylic  ester,  305 
quinoxaline,  596 
salicyl  chloride,  224 
stilbene,  370,  375 
stjrrolene,  267 
tetraoxybenzene,  166 
thiophene,  454 
tolane,  37 1 
DichroTnes,  I41 
Dicumarketone,  383 
Dicyanaminobenzoyl,  212 
benzene,  242 
compounds,  439 
diamide,  129 
naphthalene,  409 
Dicyanogen  compounds,  440 
phenyl  hydrazine,  130 
stilbene,  377 
Diesoanhydride  of  dioxyhydrobenxofn,  3 
Dietbenyl  azoxime,  515 
Diethoxydiphenylmethane,  346 
quinoxime,  165 


INDEX. 


6. 


J 


r)iithyl.inii(lof>henol,  154 

ili})])cnyl  telraz(»iic,  131 
I>icthylene-diirnidc,  439 

diphenylamine,  79 
disulphide,  442 
oxide,  442 

hexa  hydrobenzene,  292 

indigo,  472,  475 

ketohexamethylene,  296 

methylamido-pyrimidine,  588 
P3rrimidine,  588 

phenols,  145 

phenosafranine,  603 

phthalide,  235 

proCocatechuic  acid,  228 

succino-succinic  ester,  305 

terephthaly],  233 
Diformazyl,  130 
Difurfural  triacetophenone,  449 
Difuryl  triazole,  512 
Digallic  acid,  231 
Digitaligenin,  431 
Digitalin,  431 
Digitalinum  verum,  431 
Digitalis  lutea,  431 

purpurea^  43I 
Digilalose,  431 
Digitogenin,  431 
Digitonin,  431 
Digljcolanil,  84 

anilic  acid,  84 
Diglycollamid  anhydride,  581 
Digljcollo-imide,  581 
Digljcolphenylamidic  acid,  84 
Dibalogen  anthracenes,  423 
Dihalo^  ethyl  benzene,  266 
Diheteroatomic  four-membered  rings,  446 
three-membered  rings,  444 
DihippeDjlorea,  201 
Dihydrazino-biphenyl -disulphonic    acid, 

339 
Dihydric  aromatic  alcohob,  232 

i;^enols,  158 
Dihydro-acetophorone,  296 

acridin,  560 

arecaldine,  565 

benzaldehyde,  301 

benzene,  294 

tetrabromide,  294 

benzenes,  293 

benzoic,  acid,  301 

camphene,  322 

campholene  lactone,  329 

carboxylic  acid,  170 

canreol,  316 

carvone,  319 

carvylamine,  317 

collidine  dicarboxylic  ester,  528 

coumaroDe,  464 


I  >ili)(iioi  umic  acid,    501 
lyiuene,   'H)<\ 
dietliyl  l;enzcnc,  294 
I  diphenyl,  335 

quinoxaline,  596 
tetrazine,  607 
diphthalyldiiniide,  376 
eucarvone,  316,  319 
eucarvylamine,  317 
fencholene,  324,  334 
furfurane,  452 
glyoxalines,  498 
indones,  385 

isocoumarin-carboxylic  acid,  aC 
392 
phorol,  298 
quinolines,  557 
isoxylene,  307 
ketoTndoi,  469 
ketoTndoIs,  470 
methyl  indol,  191 

isopropyl  benzene,  294 
phthalazine,  586 
naphthalene,  411 

derivatives,  411 
dibromide,  412 
naphthinoline,  558 
naphthoic  acids,  411 
naphthol,  264,  392,  411 
oxazoles,  503 
phenanlhridine,  558 
phenazine,  598 
phenazone,  587 
phentriazine,  115 
phthalic  acid,  303 
pyrazine,  374 
pyrazines,  593 
pyrazole,  480 
quinazoline,  1 81 
azolines,  590 
quinoline,  545,  550 
quinoxalines,  373 
resorcin,  161 
resorcinol,  296,  307 

dioxime,  296 
homologues,  297 
safrol,  270 
shikimic  acid,  301 
sparteine,  567 
terephthalic  acid,  304 
terephthalic  acid  cis-dimethy  I  est 

terephthalic  acid   dimethyl  est« 

304 
terephthalic  acid  transdiphenyl « 

tcr,  304 
toluene,  294 
Dihydroxamic  acid  ethyl  etU«,  xo*\ 
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Dihydrozyll)eiizyl  pyridine,  289 
Diliydroxylcne,  294,  432 
Diiuiidonaphtbol,  407 

urazole,  514 
Diindogen,  469 
Di-indoxyl,  476 
Diiodcinnamic  acid,  275 
cyclohexane,  295 
diphcnyl,  336 
Di-iodo(hymol,  144 

phenol  sulphonic  acid,  156 
styrolene,  267 
Di-isonitroso-anethol  peroxide,  250,  269 
superoxides,  269 
propyl -succino-succinic  ester,  305 
Diketodiplicnyl  pyrrolidine  carboxylic  es- 
ter, 462 
hexahydrobenzenc  carboxylic  ester, 

307 
hexamethylene,  161,  168,  296 

tetracarboxylic    es- 
ter, 307 
hydrindene,  388 

carboxylic  ester,  388 
hydroTndol,  471 
julolidine,  552 
methyl  lilolidine,  552 

pentachlorhexcne,  162 
Dike-tone  carboxylic  acids,  261 
Diketoiies,  233 

penthiazolidine,  583 
pi{>erazines,  594 
pyrnzolidine,  480,  481,  491 
pyrrolidine,  480 
pyrrolidines,  462 
tetrahydroglyoxalines,  499 

naphthalene     derivatives, 

413 
naphthylene  oxide,     405, 

413.444 
pyridazino,  586 
quinazoiines,  592 
(|uinoline,  213,  470 
thiazolc,  507 

acetic  acid,  507 
triazolidine,  514 
Dill  oil,  320 
I  )iMiesitylniethane,  343 
Dimethoxyanthranilcarboxylic    acid,   238, 
242 
benzoic  acid,  228 
diphenyl  methane,  346 
phthalaldehydic  acid,  237 

azonc,  237 
phthalic  acid,  242 

anhydride,  241 
phthalide,  235 
pyridine,  534,  588 
quinone,  170 


Dimethoxytolane,  37 1 
Dimetbylacridone,  560 

americ  acid,  383 

unido-azo-benzene  sulphonic  acid, 

138 
benzaldehyde,  187 
hydrol,  344 


ophenone,  347 
hylt 


methyl  ooumarin,  282 

nitrobenzhydrol,  344 

phenol,  153,  154 

phenyl     glyoxylic     ester, 
259 
trichlorethyl   al- 
cohol, 252 

pyrimidine,  588 

triphenyl  methane,  352 
aniline,  78 

ethyl  iodide,  78 
anisidine,  153 
anthracene,  423 

hydride,  424 
anthracenes,  423 
anthrarufin,  428 
apionol,  166 
ariethanc,  439t  440t  44^ 
benzamide,  1 99 

chloride,  203 
benzoic  acid,  195 
benzyl  alcohol,  1 77 
biphenyl-dicarboxylic  acid,  341 
cajffeic  acid,  283 
carbazole,  477 
coumalic  acid,  522 
coumalin,  522 
coumarin,  282 
coumarone,  464 
cyclohexandion,  297 

hexane,  292 
diamidotoluphenazine,  599 
dihydrolndol,  470 

resorcinol,  297 
dihydroxy-heptamethylene,  29 
diketohexamethylene,  297 

hydrindene,  388 
diphenyl  tetrazone,  131 
furazane,  515 
furfurane,  447,  448 

carboxylic  acid,  451 
dicarboxylic  acid,  451 
gentisin  alcohol,  218 
hydrothymoquinone,  163 
indazole,  493 
indol,  466 

carboxylic  acid,  468 
indolinon,  471 
isindazole,  493 
isophthalate,  242 
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methjlketohexamethjlene,  296 
hexeoe,  298 
methyl  imido-thiftzole,  505 
naphthalene,  394 
naphthoic  400 
naphthophenoxazime     chloride, 

582 
nicotinic  acid,  536 
oximide  chloride,  497 
oxjpyrimidine,  588 
phenolphthalein,  364 
phenosafranine,  603 
phenylene  diamine,  116 

green,  174 
phenylimido-oxalic  ester,  91 

urazole,  514 
piperazine,  594 
protocatechuic    aldehyde,    220, 

270 
pyrazine,  593 
pyraxole,  482 

carboxylic  acid,  485 
pyridine,  532 

dicarboxylic  acid,  537 
pyridone,  534 

carboxylic  acid,  538 
pyrone,  522 

dicarboxylic  acid,  523 
pyrrol,  447 

carboxylic  acid,  461 
dicarboxylic  acid,  461 
quinite,  295 

quinoline,  191,  543,  546,  589 
quinox alone,  596 
selenophene,  456 
terephthalic  acid,  243 
tetrahydrobenzene,  293 

pjrrone  dicarboxylic  di- 
ethyl esters,  523 
thiazole,  505 
thiophene,  447,  454 
tolane,  371 
tolimidazole,  501 
toluquinoxaline,  596 
umbelliferone,  283 
iiapbthacridone,  560 
(ia|;^thoI  methane,  410 
Qaphthoxanthene,  410 
anthones,  525 
naphthylamine,  396 

carbazole,  478 
carboxylic  acid,  417 
derivatives,  409 
naphthylene-methanes,  417 
thiophene,  476 
ethers,  400 

methane  derivatives,  409,  4>o 
sulphides,  404 
Dicotinic  acid,  537 


Dinitranilines,  93 
Dinitroanthracene,  423 

quinone,  425 
azobenzene,  113 
azoxy  benzene,  112 
benzene-azobenzene,  113 
benzenes,  66 
benzidine,  337 
benzophenone,  347 
benzyl  acetic  acid,  379 
benzidine,  337 
brom  pyrrol,  459 
chlorbenzene,  67 
cinnamic  acid,  278 
diacetdiamido-diphenyl,  337 
dibenzyl,  370 
diethyl  hydroquinone,  164 
dioxyquinoline,  575 
diphenic  acid,  341 
diphenyl,  336 

amine,  93 
diphenylene  oxide,  476 
methane,  343 
phthalides,  363 
durenes,  68 
hydrocinnamic  acid,  211 

mellitic  tetraethyl  esters,  246 
quinone,  164 

diacetate,  164 
naphthalenes,  396 
naphlhol,  401 
oxanilide,  9I 
oxyphthalic  acids,  241 

pyridines,  533 
phenol,  150 

ether,  146 
phenols,  1 50 

phenyl  acetoacetic  ester,  260 
diazosulphide,  103 
malonic  ester,  262 
nitrosohydroxylamine,  70 
pyridine,  532 
phthalic  acid,  243 
pyrrol,  459 
resorcin,  161 
Dinitrosobenzenes,  70 

naphthalenes,  396 
resorcinol,  1 61 
toluene,  70 
Dinitrostill^enes,  370 
styrolene,  268 
thiophene,  454 
tolyi  methyl  nitramine,  99 
xylene,  68 
Diolefine  l)enzenes,  268 
*  Dioxethyl  benzene  233 
Dioxindole,  251,  471 
Dioxosuccinic  ester,  122 
Dioxyalcohol  acid^  2^^ 
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Diozyamidocyanidine,  605 
anthracenes,  423 
anthranol,  424 

quinone,  427 

qainoline,  554 
quinones,  426 
beozaldehjdes,  219 

aldiketohjdrindene,  388 
benzene,  159 
benzoic  acidis,  227 

phenone,  168,  348 
benzyl  alcohols,  218 

amine,  218 
biphcnyl,  339 
cinnamic  acid,  181,  283 
coumarin,  283 
dihydroshikimic  acid,  301 
diketotetrahydronaphthalene,  393 
dimethyl  triphenyl  methane,  360 
diphenyl  methane,  343 
phthalide,  364 
sulphone,  139 
tetrazoliimi  betalne,  521 
diquinoylbenzene,  171 
durylic  acid,  229 
hexahydroisophthalic  acid,  304 
isopbtbalo-nitrile,  297 
terephthalic  acid,  304 
hydrindene,  387  . 
hydrocampholenicacid,  328 

fluorane  carboxylic  acid,  362 
isonicotinic  acid,  538 
mesitylene,  162 
methyl  cinnamic  acid,  283 

methylanthraquinone,  428 
monocarlK)xylic  acids,  227 
naphthalene,  404 
naphthalenes,  403 

qui  none,  404,  405 
naphthoic  acid,  409 

quinone,  396,  405 
quinoxaline,  596 
naphthyl  sulphide,  404 
phenanthrene,  415 
phenazines,  600 

phenylaceticdicar})Oxylic    t  r  i  e  t  h  y  1 
ester,  306 
aceto-dicarboxylic  ester,  246, 

307 

acrylic  acid,  282 

anthranol,  424 

fatty  acids,  229 

olefine  carboxylic  acids,  282 

propionic  acid,  229,  230 
phthalaldehydic  acid,  237 
phthalic  acid  anhydride,  241 
picoline,  535 
picolinic  acid,  538 
pyridine  carboxylic  acid,  $3% 


Dioxypyridinesy  534 
quinoline,  549 
qoinoae,  170 

dicaibozylic  ester,  306 
dihjrdio-cmibozylic  ester, 
306 
quinoxaline,  596 
qninoyl,  171 
stilbene,  371 
taitaric  acid,  159 
terephthalic  acid,  243 

ethyl  ester,  243 
terpineol,  316 

tetranitroanthraquinone,  432 
zotic  acid,  519 
adds,  205 
thymoqainone,  170 
tolaene,  161 
toloic  acids,  229 
triphenyl-carbinol,  360 
methane,  359 

carboxylic    acid, 
362 
methanes,  359 
xanthone,  525 
xylene,  161 
Dipentene  dihydrobromide,  312 
chloride,  311 
iodide,  312 
groap,  310 
nitrosochloride,  312 
tetrabromide,  312 
Diphenacyl,  380 

acetic  acid,  383 
acetoacetic  ester,  383 
malonic  ester,  383 
Diphenamino-acid,  341 
Diphenhomazine,  436 
Diphenic  acid,  337,  340 

anhydride,  341,  436 
chloride,  341 
Diphenimide,  34Z,  415,  436 
Diphenine,  117 
Diphenoldisulphide,  160 

ethane,  368 
Diphenols,  143 
Diphenoxyacetic  acid,  146 
Diphenyl,  335 

acetaldehyde,  368 
acetic  acid,  229,  368 
acetoacetic  acid,  380 

nitrile,  368 
acetylene,  371 
allophanic  acid,  86 
amidine-thiomethyl,  87 
amidocyanidine,  605 
amidoxazoline,  503 
amine,  71,  79 
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phenyl  aminol  methane,  344 
anthrone,  424 
azophenylene,  80,  173 
benzamide,  200 
benzene,  341 
benzylsultam,  353 
biuret,  86 
brommethane,  344 
butane,  380 

group,  380 
butylene,  380 
butyrolactone,  380 
carbazide,  127 
carbinol,  344 

chloride,  344 
chlonnethane,  344 
triazole,  512 
cresol,  359 
crotolactone,  377 
cyanamide,  90 
diacetylene,  380 
diacipiperazine,  84,  594 
dichlor-ethane,  368 
methane,  345 
ethylene,  380 
hydrazimethylene,  445 
hydro-diphenyl  pyrazine,  593 

tetraazine,  205,  206 
isoTndol,  593 
ketohexane,  383 
nonane,  383 
octane,  383 
piperazine,  594 
methyl  ethane,  370 
pyrazine,  593 
tetrahydropyrone,  523 
nitro  methane,  346 
selenide,  158 
iphenylene  acetic  acid,  419 
diamine,  338 
hydrazine,  337 
ketone,  425 
phenyl  ethane,  418 
ethylene,  418 
pinacoline,  418 
succinic  anhydride,  418 
selenide,  160 
sulphide,  1 57 
sulphone,  160 
glycoUic  acid,  415, 4x9 
imide,  462,  477 
ketone,  415,  4x9 

carbozylic  acids, 

419 
dicarboxylic    acid, 

416,  420 
oxides,  524 
methane,  417 
oxide,  143,  462,  463,  476 


Diphenylene  phenylmethane,  418 

sulphide,  158,  336, 462, 463, 

476 
sulphone,  476 
Diphenyl  ethane,  367 

derivatiTes,  367 
group,  369 
ethenyl-amidine,  83 
ethylene,  368,  370 

diamine,  372 
glycolmononitrite,  368 
fluorindene,  604 
formamidine,  82, 83 
furazane,  374,  515 
furfurane,  380,  449 

dicarboxylic     ester, 

382 

glycollic  acid,  369 

glyoxal,  373 

glyoxaline,  498 

mercaptan,  498 

glyoxylic  acid  hydrazone,  258 

guanidine,  88 

hexane  group,  383 

hydantoln,  86 

hydrazine,  1 16 

indol,  373 

indone,  386 
Diphenyline,  338 
Diphenyl  iodonium  hydroxide,  60 
iodide,  60 

isodihydrotetrazine,  126,  607 

isoxazole,  494 

itaconic  acid,  369 

ketipic  acid,  382 

ketocyclopentene  acetic  acid,  28 

dihydro-triazine,  126 

ketone,  345 

ketotetrahydrotriazine,  605 

loevulinic  acid,  382 

malelc  acid,  252,  377 

methane,  369 

carboxylic  acid,  349 
dicarboxylic  acid,  349 

methanes,  342 

methyl -benzaldehyde,  361 
cyanidine,  205,  604 
ethyl  glyoxaline,  496 
oxazole,  502,  503 
pyrazole,  481 
pyrazoline,  273 

monochlor-ethane,  368 
ethylene,  368 

nitrosamine,  98 

octan-dion,  377 

oxalyl  diacetic  acid,  382 

oxazole,  251,  503 

oxide,  146,  336 

oxybiazole,  37^^  ^16 
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Diphenyl  oxjcrotooic  acid,  380 
cyanidine,  205,  605 
ethylamine,  372 
triazine,  605 
porabanic  add,  91 
penUne  group,  383 
phenylene,  341 
pbosphine  chloride,  132 
phosphinic  acid,  132 
pbthalides,  36a,  363 
piperazinc,  79,  594 
piperidine,  540 
propane,  378 
}iropionic  acid,  369,  376 
pyrazine,  593 
pyrazole,  273, 483 

carboxylic  acid,  485 
ester,  484 
pyrazolon,  260 
pyridine,  532 
pyrrol,  380 

carboxylic  acid,  461 
dicarboxylic  ester,  461 
quinoxaline,  596 
selenide,  140,  158 
selenium  oxide,  1 39 
selenone,  140 
succinic  acid,  377 
sulphide,  140 
sulphQcarl>azide,  128 

cnrbazone,  1 14,  128 
carlxxliazone,  128 
sulphune,  140 
sulphoxide,  139,  140 
tellunde,  158 

tetrahydrophenyl  pyrazine,  594 
p  y  ron  ti-dicarboxylic- 

diethyl  esters,  523 
quinoxaline,  597 
ketone,  381 
ketoxime,  381 
zine,  206,  607 
zf)le,  206,  520 
zolium  chloride,  520 

carboxylic 
acid,  520 
hydroxide,  131,  520 
thiocarbonic  ester,  14S 

phene.  380,  454 
thiurea,  85,  87 
tolyl  carbinol,  353 
methane,  351 
triazole,  512 
azolon,  513 
chlor-ethane,  368 
ketone,  379 
urazine.  127,  128,  607 
urea,  85,  207 

chloride,  S5 


Diphenyl  Tinyl-beiizoic  add,  378 
dinitriCe,  368 
ethyl  ether,  368 
nitrite,  368 
xylylmethanes,  351 
Diphthalic  add,  341 
Diphthalide  ether,  237 
Diphthalyl  ethene,  388 
Diphthyl,  376 
Dipicolinic  acid,  537 
Dipiperidyl  isatin,  472 
Di-propyl  sucdno-sucdnic  ester,  305 
Diprotocatechuic  acid,  227 
Dipterix  odorata^  28 1 
Dipyridyl,  533 
Dipyrryl  ketone,  460 
Diquinolines,  547 
Diquinolyl-quinoUne,  547 
Diquinoyldioxime,  161 

tetraoxime,  172 
Diresordnol,  161 
Disazoamido-compoands,  64 

compounds,  112 
Disdiazoamidocomponnds,  106 
benzene  amide,  107,  109 
anilide,  109 
methylamine,  109 
Disulphanilic  acid,  137 
I  )isulphobenzoic  acid,  216 

cyanides,  97 
Disulphoxides,  138 
Ditertiaryamyl-hydroquinone,  163 

resorcinol,  161 
Dithignyl,  454 

ketone,  45$ 
methane,  454 
phenyl  methane,  454 
l)itliiol)enzoic  acid,  199 
hydroquinone,  164 
urazole,  514 
Ditoluene  sulph-hydroxamic  acid,  135 
l>itolyl,  336 

amines,  79 
imide,  477 

isodihydrotetrazine,  607 
ketone,  345 
oxybiazole,  516 
phthalides,  363 
urea  chloride,  85 
Diurea,  607 
Diurelnes,  374 
Divinyl  benzene,  268 
Dragon *s  blood,  193 
Dryobalanops  camphora^  324 
Durene,  55 
Duroquinone,  169 
Durylic  acid,  196 

quinone,  229 
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E. 
ECGONINE,  541,  570 

Eikonogen,  403 
Ellagic  acid,  250 
Emodin,  428 
Emulsin,  430 
Eosin,  366 

tcarlet,  366 
Epichlorhjdrin,  481 
Erythrin,  229 
Erythrol,  229 

tetrabenzoate,  198 
Erythro-ozyanthrarjuinone,  426 
Erythrosine,  366 
Esters  of  glycol,  441 

of  monobasic  aromatic  acids,  197 
of  trimethylene  glycol,  442 
Estragol,  268,  269 
Estragonal  oil,  269 

Ethane-dibenzoyl-dicarboxylic  acid,  382 
Ethenyl  amidophenol,  153,  504 

amido-thiophenol,  83,  157 
benzenyl  azoxime,  208,  515 
phenylhydrazidine,  129 
Ethers  of  the  nitroso-naphthols,  406 
Ethidene  aniline,  79 

<liacetoacetic  ester,  62 
dibenzamide,  200 
ethylene  disulphide,  441 
phthalide,  286 
thiourea,  446 
urea,  439,  446 
Etbine  diphthalyl,  382 
Ethoxy  acetamidoquinoline,  547 
benzidine,  340 
benzothiazole,  86,  508 
benzoxazole,  504 
dnnamic  ester,  287 
cyanaminobenzoyl,  212 
lutidine,  534 
methylene  aniline,  82 
methyl  indol,  470 
mustard  oil,  86,508 
phenyl  carlxjxylic  ester,  588 
pyridazone,  585 
succinamide,  154 
pyridine,  534 
tolimidazole,  502 
Ethyl  acetanilide,  82 

amido  cinnamic  acid,  277 
triazsulpholes,  518 
aniline,  78 
anthracene,  423 
benzene,  54 
benzoic  acid,  195 
ester,  198 
ben7X)Tn,  372 

quinone,  169 
heazoxMxolon,  ^04 


Ethyl  benzoylacetic  ester,  260 
benzyldioxy  pyridine,  535 
carbazole,  477 
chavicol,  269 
cinnamic  acid,  278 
coumarin,  282 

cyclopentene  carboxylic  acid,  570 
diphenyl,  336 
Ethylene  benzamidine,  499 

dibenzamide,  200,  204 
phenyl  diamine,  79 

disulphone,  139 
thioethidene,  478 
ethidene  ether,  478 
imide,  438.  44©,  444 
isobutylidene-diphenyl-  diamine, 

79 
naphthylene,  410 
oxide,  437,  440, 444 
phenylhydrazine,  121 

urea,  85 
protocatechuic  acid,  228 
selenurea,  508 
succinic  acid,  129 
sulphide,  438,  440,  444 
thiourea,  499 
urea.  499,  503 
Ethyl  gallic  ester,  230 
giyoxalidine,  499 
glyoxaline,  498 
indene,  385 
indol,  467 
indoxyl,  469 
indoxylic  acid,  469 
ester,  469 
isatin,  467,  472 

isindazole  acetic  acid,  277,  493 
isocarbostyril,  556 
diphenyl  urea,  86 
auinoline,  556 
thioacctanilidc,  83 
mercapto  triazole,  512 
mesitylene,  56 
naphthalene,  394 
orthobcnzoate,  208 
phennnthridine,  558 
phenazonium  iodide,  600 
phenols,  144 
phenyldithiomethane,  86 
ether,  146 
hydrazine,  I21 
methylpyrazolon,  488 
propiolic  ester,  284 

amide,  284 
chloride,  284 
urea,  85 
piperic  acid,  285 
piver^l  alkifve,  S^S.  ^^ 
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Fnrfuraldoxime,  449 

Isevulinic  acid,  463 
monoacetophenone,  449 
Faifuramide,  450 

amidine,  205 
Fmiurmne,  437,  441,  447»  448,  462,  479 
carboxylic  add,  450 
dicarboxylic  acid,  451 
group,  447 
angelic  acid,  450 
Fnrfnrin,  450,  499 
Frnfur-malonic  acid,  450 
Fnrfiirodiazoles,  515 
Fnrfurol,  73.  443.  449 

la'vulinic  acid,  450 
Farfuro-stilbene,  449 
Furfur-propionic  acid,  450 

valeric  acid,  450 
Forfuryl  alcohol,  449 
amine,  449 
methyl  ether,  449 
nitrilc,  451 
Faril,  449 
Farilic  acid,  449 
Furo-diazole,  479,  514 

diazoles,  480,  5x4,  516 
Furoln,  449 
Furol,  449 
Fux>monazole,  493 

group,  493 
monazoles,  479,  502 
Faron-aldehyde,  450 
Fnrjl  tetrazole,  520 


Galbanum^  160,  283 

Gall-acetophenone,  221 

GalleTn,  366 

Gallic  acid,  230 

Gallipot  resin,  334 

Gallobromol,  230 

carboxylic  acid,  244 
chlor-acetophenone,  249 
cyanine,  502 

Gmllyl-gallic  acid,  23 1 

Garancin,  427 

Gelsemium  sempervirens^  431 

GentiseTn,  525 

Gentiiin,  433.  525 

aldehyde,  220 

Gentisinic  acid,  229 

Geranic  acid,  310 

Geraniol,  310 

Geranium  oil,  309 

Glucomethyl-cumar  ketone,  273 

Glocose,  429, 430 

pentabeazoate,  igS 


Glucosides,  429 
Glutaconimide,  534 
Glutaric  anhydride,  437,  442 
Glutarimide,  438,  442 
Glutazine,  535 
Glycerol  tribenzoate,  198 
Glycide  derivatives,  444 
GiycocoU,  137 
Glyco-cumar  alcohol,  271 

cumaric  aldehyde,  272,  430 
Glycol -chlorhydrin,  411 
dibenzoate,  198 
diphenyl  ether,  146 
Glycolide,  444 

monophenyl  ether,  146 
phenyl  urea,  86 
Glycosine,  497 
Glycosides,  429 

vanillin,  430 
Glyoxal  bisulphite,  468 

ethylin,  497.  498 
Glyoxalidines,  498 
Glyoxaline  dicarboxylic  acid,  498 

group.  439,  441 
Glyoxalines,  96,  373,  479,  496 
osotetrazone,  124 
propylin,  497,  498 
Glyoxime  hyperoxide,442 
Green  oils,  49 
Gr^nat  soluble,  15  T 
Guaiacol,  159 
Guanazole,  514 
Guanazyl  l)enzene,  206 
Gum  bcn/oTn,  193 
lac.  334 
resins,  334 
Guvacine,  565 


H. 

HiT^MATRTN-AMMONIA,  433 

Haimatin,  433 

llac-matoxylin,  433 

Iltcmatoxylon  catuptchianum^  433 

Hair,  253 

Haloid  acetophenones,  190 

anhydrides  of  aromatic  acids,  198 

lienzaldehydcs,  186 

nitrophenols,  151 

pyrazoles,  483 
Heavy  oil,  49 
Hedeoma  puUj^JJes^  320 
Helianlhine,  95,  138 
Helicin,  272,  430 
Heliotrope,  98 
Heliotropine,  220,  270 
HemeUiUc  8LC\i\,  \c)S 
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HenimenibeuylaBiiie,  179 

nMllitieMid,24$ 
pinlc  add,  241 

•alijdrkle,  241 

tCffpCBCy  307 

Hcptacttbocyclic  oompoiiiidi,  28 
chlor-qrdolieMiidioo,  297 

kclotrtjnMiydniiicttMiig»  298 

HM0tCili0l»,l6l»  2Q7 

mellijleiie,  28 

terpdWy  28 

,y ~*  1  ^^v*  "y* 

Hcipcjralioly  209 
Haperidim  283, 311, 450»  432 
Hesperitiiiic  add,  283 
Hetero-atooH,  435 

cyclic  carboQ  deiWatifH,  95 
compoanda,  435 
dcriTatiTea*  17 
fiagfbnnatioiis,  122, 126^  127, 128, 
129, 130, 131 
of  aaiidoaEiiiiea.  208 
oranthniiilicadd, 

S13 
Hesabrantriketo-liexTleDe,  297 
carboxyKc  compoands,  29 
Ilexacetyl  derinuWes,  166 

chlor-a-oxycyclopentene    carbozylic 
acid,  27 
benzene,  59 
cyclohexandion,  297 
diketohexene,  159,  169,  299 
ketodihydrobenzene,  299 

R-pentene,  26, 45 
ox)rpcntene  carboxylic  acid,  387 
pentene  oxycarboxylic  acid,  45 
triketo-hexylene,  165,  297 
ethyl  Itenzene,  57 
hy<lric  phenols,  166 
hydroanthranilic  acid,  500 
benzene,  290,  291,  307 

hexacaxboxylic  acids, 

..        307 
benzodipyrazolon,  493 
benzoic  acid,  300 

amide,  300 
ethyl  ester,  300 
methyl  ester,  300 
carbazole,  478 
cinchomeronic  acid,  540 
cumene,  292 
cymene,  292,  313 
dicarboxylic  acids,  302 
diethyl  (i^enol,  294 
dimethylnaphthalene,  433 

phenol,  294 
dioxybenzoic  acid,  301 
bexaoxybenzene,  295 


2di.3 
«cid.30f 


piillHilSrariiK3« 


«.59» 
PTridine,  538 
qwnoBnc,  54$,  55« 
qaiBolioic  add,  540 
aalkylic  add,  301 
teiei4itiuak  adds,  3^ 
teteaojiylifmoic  addt  Jpn 
tohiaie,  53,  292 
tolnicadd,  300 
triozjbenaoic  add,  301 
xylene,  292 

iodbensene,  60 

keto-hexamedijleBe,  171, 297 

matfioKy-aiiriBe,  361 

mediozybeiuil,  369, 37$ 
benzilic  add,  375 

metboxyl-rosaniline,  361 

methyl  benzene,  56,  57 

methylene,  292 

methylene  carboxylic  add,  500 
dicaiboxyKc    ester, 

307 
tetracaiboxylic  acid,  3 
tetracaiboxylic  ester, 
methyl-leocaniline,  78 

pararosaniline,  357 
phloroglactn.  16$ 
triamidoCripben^  caiiiw 


358 
ketobexametbylene,  u 
nitrodiphenylamine,  93 
oxybenzene,  166 
biphenyls,  339 
diphenyl,  340 
phenylmelamine,  90 

pararosaniline,  359 
rosaniline,  80 
Hexyl  phenyl  ketone,  189 
Hipparaffin,  200 
Hippenyl  nrethane,  201 
Hipporamide,  555 
Hipporazide,  200,  201 
Hippuric  acid,  200 

anbydride,  200 
phenyl  ester,  200 
Hii^niroflavin,  200 


\ 
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ipiirjl-hydraziiie,  200 

phenjlbuzylene,  131,  202 
fiiiaiui*s  violet,  358 
matropine,  567 
moantipjnine,  488 

benzoylated  paraffins,  190 
cafTelc  acid,  283 
camphoric  acid,  333 
ferulic  acid,  283 
isophthalic  acid,  244 
linalool,  310 
mologous  anthraquinones,  425 
cinnamic  acids,  278 
dioxyanthraquinoncs,  428 
fuifurane  carboxy lie  acids,  45 1 
indols,  466 
naphthalene  carboxylic  acids, 

408 
phenyl  glyoxylic  acids,  259 
•    phenylhydrazines,  120 
pyrazoles,  481 
rosanilines,  357 
series,  437 

trioxyanthrequinones,  428 
NDolognes,  31 
xnooxybenzaldehyde,  219 
phthalic  acid,  238,  244 
phtbalimide,  244 
phthalonitrile,  244 
piperonylic  acid,  229,  270 
pnHocatechaic,  229 
pyrocatechol,  160 
salicylic  aldehyde,  219 
saligenin,  217 
terephthalic  acid,  244 
terpenoylforroic  acid,  324 
terpenylic  acid,  324 

methyl  ketone,  324 
▼anillic  acid,  229 
▼anillio,  270 

wo,  253 

rdrastk  acid,  242 
tine,  578 
tinine,  578 
tropic  acid,  197 
nitrile,  203 
fdnziacetic  acid,  445 
benail,  373 
ride,  363 
dines,  129,  205 
methylene,  445 
cine  anisol,  155 

benzoic  acids,  215 
cinnamic  acid,  277,  492 
compomids,  116 
derivatives  of  naphthalene,  398 
phenols,  155 
zines,  63 
zino-diphenyl,  339 


Hydrazioxalyl,  436 

propionic  methyl  ester,  445 
pyrazolon,  489 

carboxylic  acid,  489 
Hydrazobenzene,  116,  117 

disulphonic  acid,  138 
benzoic  acid,  215 
bodies,  112 
compounds,  116 
zoic  acid,  xio,  201 
naphthalene,  398 
toluenes,  117 
ximes,  124 
xylenes,  117 
zulmin,  446 
llydrindene,  384,  387 

carboxylic  acid,  265,  387 
derivatives,  385,  387 
dicarboxylic  acid,  387 
ethyl  ketone,  387 
glycol^  387 
methyl  ketone,  387 
phenyl  ketone,  387 
Hydrindone,  387,388 

azine,  387 
Hydrinic  acid,  251 
Hydroanthracenes,  424 
anthranol,  425 
antipyrine,  49 

aromatic  carboxylic  acids,  299 
derivatives,  1 8 
hydrocarbons.  290 
ketone  carboxylic  acid,  47 
keto  chlorides,  159 
nucleus,  410 
substances,  29 
terpenes,  308 
atropic  acid,  278 
benzamide,  184,  497 
benzene  derivatives,  290 

tetracarboxylic  acids,  306 
tricarboxylic  acids,  306 
Ijenzoln,  371,  372 
caffeic  acid,  229 

dimethyl  ether  acid,  230 
methylene  ether  acid,  230 
camphorylacetic  acid,  333 

malonic  acid,  333 
carl>azoles,  477 
carbons,  351 
carbostyrii,  2x4,  551 

carboxylic  acid,  551 
chelidonic  acid,  522 
chloraniiic  acid,  166 
cinchonic  acid,  537 
cinnameny]  acrylic  acid,  278 
cinnamic  acid,  191,  197,  284 

carboxylic  acid,  245,  265, 
393 
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Ilydrocinnamic  nitrile,  203 

cinnamide,  272 

anti-oxime,  272 
phenyl  hydrazoDC,  272 
syn-oxime,  272 

cinnamyl  alcohol,  177 

coerulignone,  339 

cornicularic  acid,  262,  382 

cotoln,  349 

coumaric  acids,  226 

coumarilic  acid,  253,  280,  464 

coumarin,  227 

coumarone,  217 

coumoquinone,  163 

cyanic  acid,  430 

pararosaniline,  369 
rosanilioe,  369 

ecgonidine,  571 

euthiochronic  alkali  salts,  166 

ferulic  acid,  230 

furfuranes,  451 

glyoxalines,  498 

hydrastinine,  578 

Indol  <ierivatives,  470 

isindazole  derivatives,  493 

isocarbostyril,  557 
ferulic  acid,  230 
((uinulines,  557 

juglones,  404 

lytic  condensations,  43 

methyl  ketol,  470 

naphthalene  derivatives,  410 

naphtho(iuinone,  403 

nitric  acid,  iio,  in 

paracouinaric  acid,  254 

phorone,  1 63 

piperic  acid,  283,  285 

pyridine  derivatives,  538 

pyrimidines,  588 

|)yrrols,  461 

quinolines,  550 

quinone,  159,  162 

bihoxyclilorphosphine,  163 
cariwxylic  acid,  229 
chlor|)ho.si»liine,  163 
diacetate,  163 
diethyl  ether,  163 

methyl  ether,  163 
ethyl  ether,  163 

quinones,  167,  366 

quinone,   substitution   products    of, 

tetracarboxylic  ester,  246 
(juinoxalines,  596 
<}uin(>ze  dibenzoate,  163 
resorcyclic  esters,  305 
terpenes,  308,  3x3 
tetrazones,  131 
(uJuquinone,  163 


Hydroumbellic  acid,  230 

xyloquinone.  163 
Hygric  acid,  462,  570 
Hygrin,462,  570 
Hyoscyamine,  253 
Hypnone,  189 
Hystazarin,  159,  428 


Idryl,  420 

Illicium  anisa/um,  269 

religiosum,  270,  301 
Imesatins,  472 

Imidazole  dicarboxylic  acid,  497 
Imidazoles,  96,  479,  480,  496,  497,  502 
Imidazolon,  499 
Imidazolyl  mercaptan,  498 

methyl  sulphide,  498 
Imido-benzimidazolines,  502 
benzophenone,  346 
benzoyl  cyan-methane,  260 
coumazones,  581 
coumothiazone,  583 
ImidodiketotetrahydrogljToxalines,  499 
glutarimide,  535 
ketone  naphthalenes,  407 
ketotetrahydrothiazole    acetic   aci* 

507 
oxybiazolines,  516 
naphthalenes,  407 
naphthalcne-sulphonic  acid,  4 
phenylcarl)amic  thiomethyl  ester, 
oxide,  153 
uracil,  260 
tetrahydrooxazoles,  503 

selenazole,  508 
thiobiazolines,  517 
urazole,  514 
Inactive  mandelic  acid,  251 
pinene,  322 
quinic  acid,  301 
tropic  acid,  253 
Indamines,  174 
Indazine,  603 
Indazole  acetic  acid,  493 

carboxylic  acid,  493 
Indazoles,  277,  480,  491,  492,  509 
Indazolon,  493 
Indene,  384 

carboxylic  acid,  386 
nitrosites,  385 
Tndenigo,  388 
Indican,  473 
Indigo,  74,  256,  258,  433,  443,  463,  4< 

470, 47',  473 
blue,  284,  465,  473 
brown,  473 
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Indigo  dicarboxylic  acid,  476 
ferm  anil,  74 
gluten,  473 
puqiurin,  476 
red,  473.  47^ 
salt,  475 

sulphonic  acid,  469 
Indigotin,  473 

disulphonic  acid,  476 
monosulphonic  acid,  476 
Indigo  white,  476 
Indin,  476 
Indirubin,  469,  476 
Indoanilines,  173 

amine,  96 
Indogen,  469 
Indogenides,  469 
Indogen  oxide,  469 

Indol,  74,  124,  268,  370,  462,  463,  465 
carboxylic  acids,  468 
condensation,  127 
derivatives,  487 
Indolinons,  470 
Indone,  385,  600 
Indophenazine,  472 
phenin,  472 

reaction,  452 
phenol,  96,  173,  407 
Indoxanthic  ester,  469 
azcne  group,  495 
azenes,  480 
Indoxin,  470 
Indoxyl,  468,  469 
Indoxylic  acid,  468,  469 

ester,  284 
Indaline  dyes,  173 
Indulines,  115,  580,  600 
Isosite,  295 

hexaacetate,  295 
lodacetophenone,  190 
lodbenzaldehyde,  186 
lodbenzenes,  59 
lodbenzoic  acid,  209 
lodcinnamic  acid,  276 
lodcydohexanol,  295 
lodhydrocinnamic  acid,  254 
Iodine  greens,  358 
lodisophthalic  acid,  242 
lodmandelic  acid,  251 
lodnaphthalenes,  395 
lod-naphthalic  acid,  405 
lodnitrohydrindone,  387 
lodobenzene,  60 
lodol,  459 
lodomethylate,  355 

of  tetramethyl    rosaniline 
iodide,  358 
lodosobenzaldelwde,  1 86 
benxene,  00 


lodosobenzene  sulphonic  acid,  137 
benzoic  acids,  209 
naphthalenes,  395 
lod-oxynaphthoquinone,  405 
lodphenol,  149 
lodphthalic  acids,  241 
lod-pyrazole,  483 
lod-quinoline  iodmethylate,  547 
lodsalicylic  acid,  225 
lodthiophene,  454 
lodtoluene,  62 
lonone,  310 

Iregenone  dicarboxylic  acid,  266 
tricarboxylic  acid,  266 
Iretol,  166,  431 
Iridic  acid,  164,  231 
Iridin,  431 
Iridol,  164,  431 
Irisflorentioy  431 
Isamino-camphor,  329 
Isantipyrine,  489 
Isapiol,  166,  271 
Isatid,  471 

I  satin,  258,  284,  470,  471 
Isatinates,  258 
blue,  472 

carboxylic  acid,  392 
chloride,  472 
semicarbazone,  472 
Isatinic  acid,  258 

lactam  of,  258 
Isatogenic  acid,  284,  445 
ester,  260,  469 
Isatoic  acid,  aia,  471 
Isatoxime,  472 
Isatropic  acid,  278 
Isindazoles,  492 
Isoacetophoronc,  298,  307 
allyl  benzene,  268 
amyl  phenyl  ketone,  189 

pyrrol,  458 
anthraHavic  acid,  428 
benzalphthalide,  376 

phthalimidine,  557 
benzil,  375 
benzofurfurane,  463 
pyrrol,  463 
thiazol,  441 
thiophene,  463 
benzyldiphenyl,  350 
bidesyl,  381 
bomeol,  325 

acetate,  321,  325 
butyl  anthracene.  423 

chlorphthalazone,  586 
desoxyben/oTn,  37 1 
butylidene  methyl  phenyl    hydrazine, 
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phtbalaioBe,  5S6 
wlkylic  ildehjde,  219 
hi^wiHaCTtoplieiionr,  a$o 

■lelMplieDTlhydniide,  47> 


iMid,332 

cAopyraHiUiUric  add.  45> 
it7rfl.aS6.s5O 

€iriiosyllcacid.J9C^S50 
.3«7 
<yroBe,3ai 
ciu^io-nttowag.  41 S 
ciochnmrwwk  add.  537 
^565 
»5^ 
tiD.  aSs,  «•».  $23 

cafboKjiic  add,  290 
cyaophenyl  diloride,  83, 89 
^dic  dcnvaUTea.  17 
dchfdracelk  add.  522 
diacobcasene  poUninm.  98 
beiiaenes.69 
hydnUet.  103 
salts,  loi 
dihydrodiphenyl  tetrazine,  607 
phen-tetrazines,  115 
nitroresorcin,  161 
phenic  acid,  341 
phenylbenzcne,  341 

dihydrotetraxine,  206 
oxyethylamine,  372 
durene,  55 
duridine,  76 
durylic  acid,  55,  196 
eugenol,  270 

methyl  ether,  259,  270 
feocholen  alcohol,  325 
fcnchonoxime,  334 
ferulic  acid,  282,  283 
geranic  acid,  30X,  310 
hexahydromellitic  acid,  307 
homopyrocatechol,  160 
hydrobenzoin,  371,  372 
indol,  248,  463 
ketocamphoric  acid,  329 
lauronolic  acid,  332 
Isologous  series,  440 
menthoxime,  318 
Isomerism  of  benzene  derivatives,  32 
Isomerisms    of   naphthalene    derivatives, 
390 
naphthazarine,  405 
nicotinic  add,  530 
nitrosoacetophenone,  189,  249,  257 
benzoyl  acetone.  250 


cofOMPdi.  487 
dcmiybcMolp.  37* 
h jdiindoiie.  387 
»ediylban»lon.4M 
phcaylaoetic  acid.  ^ 

PjnMOlOn.487 

OICID.  108 

OKalTldilMaijpllEaloBe.  381,382 
oaLyciunic  aod,  226 
plioidihydraCcftnBziiies,  606 
phenyl  oaphtlimilM  iiiinnii  cMcriJ 

600 
pharooe,  298 
phthalaldehyde.  233 

llilllWI.  TJJ 

phthalk  acid.  242 
phdnlophenoiie.  351 
phthalyldidiloride,  242 

dihydraiide.  242 
pwne,  307.  509. 311 
pfopylamidobensyl  aJoohol,  470 
benaeoe,55 
benaoic  add,  195 
coaniario,2te 
dihydrobenaoic  add,  301 
isocarboatjrril,  556 
mandelk  add,  252 
phenol,  144 
pyridine,  532 
pyrrol,  459 
thiophene,  454 
propylidene,  495 
pul^ol,  310 
pulegon,  296 
purpuric  add,  151 
purpurin,  428 
quinoline,  272,  286 

group,  244,  554 
rosindone,  602 
rosindulines,  602 
safrol,  144.  270.  259 
tetrahydrc^yromellitic  add,  306 
thujonamine,  317 
thujone,  319 

valerophenone  carboxylic  add,  ifi 
vanillic  acid,  228 
vanillin,  220 
Isoxazole,  479.  480.493 

caxboxylic  acids,  494 
ester,  494 
grooPf  439»  441 
Isoxazolons,  259, 495 
Isoxylene,  53,  54 
Isoxylic  add,  195 


JALAPIN,  431 
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Japan  camphor,  308,  324,  327 
Jara-jara,  400 
Juglans  regiay  404 
Joglone,  405 

Jnglonic  acid,  241, 405 
ulin's  chloride  of  carbon,  59 
{nlole  compounds,  552 
nlolidine,  552 
Joniper  berry,  322 


K. 


Kairine,  551 
Kairoline,  551 
Ketine,  593 

Keto-benzimidazolines,  502 
chlorides,  143 
coumaran,  464 

derivatives  of  the  pyrazolidines,  490 
dihydro-acridine,  560 

benzothiazine,  583 
coumarone,  464 
cymene,  320 
Indol,  471 
naphthoic  acid,  408 
pyrazoles,  486 
quinazolines,  213,  590 
Ketoglyoxalidines,  499 

hexahydro-cymene,  62,  3x8 
methylene,  296,  307 

carboxylic  ester,  30a, 

307 
dicarboxylic  acid,  304 
hexanes,  294 
hydrazones,  122 

hydrobenzene  dicmrboxylic  acid,  304 
imido-tetrahydrothiazole,  507 
isocamphoric  acid,  323 
menthans,  318 
methyl  juloline,  552 
Ketone  carboxylic  acids,  28,  238,  257 
derivatives  of  dibenzyl,  371 
tricarboxylic  acid,  266 
oxybiazolines,  516 
Ketones,  380,  383, 407,  466 
Ketonic  acids,  466 

pentamethylene,  26 

carboxylic  ester,  28 
phenyl-methyl-pyrazolon,  488 

paraconic  ester,  264 
pyrazolidine,  480 
pyrrolidines,  462 
tetrahydroglyoxalines,  499 
isoquinoline,  557 
naphthalene,  412 
oxazole,  503 
pyrimidines,  589 
quinazolines,  591 
Ketozj-hjdrorndo},  471 
a-54 


Kino-tannin,  232 

Knorr's  pyrazoline  reaction,  482,  486 

Kynurenic  acid,  550 

Kynuric  acid,  212 

Kynurine,  549 


Lacmoid,  161 
Lactam  ethers,  504 
l^Actams,  441,  442,  47Z 

of  amidophenyl  fatty  acids,  214 
Lactazam  formation,  127 
Lactazams,  259 
Lactazones,  495 
Lactic  ethidene  ester,  478 
Lactime  ethers,  504 

of  isatinic  acid,  258 
Lactimides,  444 
Lactone  derivatives  of  fluorescein,  366 

of      phenol  phthalein, 

364 
lactones,  441,  442,  446 
Lactoximes,  259,  495 
Lactyl  tropelne,  568 
Lgevomandelic  acid,  251 

tropic  acid,  253 
Laevalinic  acid,  236 

phenylhydrazine,  127 
I^kes,  426 
Laurobenzene,  T90 
Lauronolic  acid,  332 
Laurus  camphora^  327 
Lauth's  dyestufTs,  96 

violet,  584 
Lead  tetraphenyl,  133 
I^af  green,  434 
Lecanora,  162 
I^pidene,  381,  449 
l^pidine,  546 
I^pidone,  548 
I^ucaniline,  352,  353 
Leucaurines,  359,  360 
Leucine,  253 
I^ucoben/aurine,  359 

benz<;Tne,  359 

crystal  violet,  358 

derivatives,  352 

malachite-green,  352 
Leuconic  acid,  27,  171 

rosolic  acids,  359,  360 

thionine,  584 
Licareol,  310 
Lichen  substances,  433 
Light  oil,  49 
Ligustrum  vulgare^  430 
Lilole  compounds,  552 
Limet  oil,  310 
LAVKKkcnft,  3p^,  '^\o^  v^ 
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Limonene  hydrochlorides,  311 
nitroso  chloride,  311 
tetrabromides,  311 

Limonetrite,  316 

Linalool,  309,  310 

Linaloolene,  309 

Liquidambar  crienialisy  271 

Litmus,  162,  433 

Lophine,  497,  498 

Lupetidines,  540 

Lupinus  luteus^  253 

Luteolin,  aa8,  433 

Latidine  dicarboxylic  acid,  537 

Lutidines,  532 

Lutidinic  acid,  537 

Lutidone,  534 

dicarboxylic  acid,  538 

Lysene,  144 

Lysidine,  499 


M. 

Maci  oil,  270 
Maclurin,  232,  433 

tannic  acid,  228 
Madder  lakes,  427 
Magdala  red,  603 
Magnesium  diphenyl,  133 
Malachite-green,  78,  351,  352,  354,  355 
MaleTc  acid,  45 

hydrazine,  586 
MaleTnanil,  91 

phenylhydrazil,  129 
Malic  acid,  464 
Malonanilic  acid,  91 
anilide,  91 
'  "Malonic  acid,  442 
Malonyl  hydrazine,  491 

phenylhydrazide,  129 
hydrazine,  491 
Manchester  brown,  116 
Mandelic  acid,  251,  257 
nitrile,  251 
chloral  ide,  251 
Mandelnitriloglycoside,  430 
Mandelo-nitrile  diglucose,  430 
Mannitol  hexabenzoate,  198 
Maringa  tannic  acid,  228 
Martius  yellow,  401,  402 
Afateza  roritina^  295 
Matezite,  295 
Matricaria  camphor,  327 
Mauvaniline,  356 
Mauvelne,  603 
Meconic  acid,  523 
Meconine,  235 

acetic  ac'vd,  264 
hydrocolarmne,  ^"JT 
Melaniline,  88 


Melilotic  mcid,  as6,  280 

methyl  ether,  280 
Meiiioius  officinalis^  280,  281 
Mellimide,  247 
Mellithyl  alcohol,  177 
MelUtic  acid,  43,  57,  191,  246 
Mellophanic  add,  56,  246 
Menaphthylamines,  407 
Mentha  camphor,  308,  313 
diene  alcohols,  317 
dien  ketones,  320 
Menthan,  309 

bases,  317 

group,  310 

Mentha  piperita^  313 

puligium,  320 
Menthene,  293,  309,  313 
alcohols,  316 
bases,  317 
glycol,  315 
Menthoamide,  318 
Menthoic  acid,  318 
Menthol,  313,  318 
Menthomenthene,  313 
naphthene,  313 
Menthone,  292,  296,  308,  318 

nitrile,  318 
Menthoxime,  318 
Menthylamine,  317 

chloride,  314 
Mercaptans,  156 
Mercapto-methyl  penthiazoline,  583 

thiazole  carboxylic  ester, 
506 
thiazoles,  505 
triazole,  512 
Mercury  dialphyls,  133 
phenyl,  133 
thiophenate,  1 57 
Mesicerine,  233 
Mesidic  acid,  55,  242 
Mesidine,  76 

hydroiodide,  72 
Mesitene  lactam,  534 
Mesitol,  144 
Mesityl  alcohol,  177 

amine,  1 79 
Mcsitylene,  50,  53,  55 

glycerol,  233 
glycol,  232 
Mesitylenic  acid,  55, 195 
Mesityl  glyoxylic  add,  259 

isophthalic  add,  243 
Mesorcin,  161,  162 
Meta-compounds,  35 
diazines,  587 
dioxyanthraquinooe,  428 
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Metanilic  acid,  137 
MetaphthalopheDone,  351 

thiazine,  582 
Metazines,  580 
Methenylamidophenol,  504 

thiophenyl,  89 
diphenyldiamine,  83 
piperazine,  594 
Methoxy-amidoquinoline,  547 
benzaldehyde,  219 
beazyl  alcohol,  217 

malonic  acid,  262 
cinnamic  acid,  280 
indol  carboxylic  acid,  470 
isatin,  470 
Methoxyl-coniferine,  430 
Methoxymandelic  acid,  252 

methyl -quinoline,  548 
oxybenzaldehyde,  220 
cinoamic  acid,  283 
phthalaldehydic  acid,  237 
styrone,  272 
phenylglyoxylic  acid,  259 

methacrylic  acid,  282 
phthalide,  236,  237 
pyridine,  534 
quinaldine,  549 
quinolinic  acid,  537 
quinone,  170 
tetrahydroquinoline,  55 1 
Methronic  acid,  451 
Methyl  acetanilide,  82 

acetyl  cyclohexanone,  319 

hexamethylenecarboxylic 
ester,  30a,  307 
acridine,  560 
acridone,  560 
adipic  acid,  314 
alizarin,  428 
unido-chlorstyrene,  466 

diphenyl  thiazoline,  507 
thiazole,  505 
thiophenol,  507 
triazsulpholes,  518 
aniline,  78,  83 
anthracene,  422 

(juinone,  423,  425 
antipynne,  489 
arbutin,  429 
Methjlated  diphenyl  phthalides,  363 
atropic  acid,  279 
benxamide,  199 
benxene-azo-methyl  amidobenzene, 

114 
benxidine,  338 
benzimidazole,  500 
benxoic  ester,  198 
beiix6ln,  372 

pmroxMzine,  $^1 


Methylbenzothiazole,  157,  507 

benzoxazole,  153,  503,  504 
benzoyl -acetic  ester,  260 
benzyl  chloride,  177 
cyanide,  203 
isoxazolon,  495 
malonic  acid,  262 
Methyl-brom-pyrazole,  483 
carbazole,  477 
carbostyril,  84,  548 
carboxyanthranilic  ester,  212 
cetyl  benzene,  57 
chavicol,  269 
chlorphthalazone,  586 
quinoline,  547 
stilbene,  375 
cinchoninic  acid,  549 
cinnamic  acid,  270 

aldehyde,  272 
coumaric  acid,  282 
coumarilic  acid,  464 
coumarin,  279,  282 
coumarone,  146,464 
cumar-alcohol,  271 
ketone,  273 
cyclohexane,  292 
pentanol,  26 
pentanon,  26 
pentenon,  26 
desoxybenzoTn,  37 1 
dibenzamide,  200 
bromoxyphthalic  acid,  434 
ethyl  pyrazine,  593 
hydro-diphenyl  quinoxaline,  596 
isoquinoline,  557 
quinazoline,  590 
quinoline,  555 
resorcinol,  297 
ketohydrindene,  388 

carboxylic  ester, 

388 

methyl  penthiazoline,  $^3 
oxpyridine,  535 
oxycyanidine,  605 

naphthoquinone,  405 
phenylamine,  80 

glyoxalidine,  498 
Methylene  blue,  95,  158,  443,  580,  584 
coumarilic  ester,  464 
dtbenzyl  ether,  1 77 
dimethyl  apionol,  166 
oxy benzyl  glycol,  248 

cinnamyl  formic  acid,  287 
isoquinoline,  555,  578     -  "* 
phenylethylene  methyl  gly- 
1.248     j^ 
'>^enyl-diamine,  $9.  -  - 
phenylene  oxide  ^  ^24, 
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Methylene-diphenyl  thioarea,  446 
pynK^echol,  343 
metahemipinic  ether  acid,  242 
methyl  gallic  ether  acid,  230 
phthalide,  285 

dibromide,  285 
phthalimidine  derivatives,  286 
protocatechuic  acid,  228 
thiourea,  446 
urea,  446 
Methyl-ethyl-acetic  acid,  431 
aniline,  78 

ethyl  iodide,  78 
furazane,  515 
glyoxaline,  498 
isoxazolon,  495 
pjrridine,  528,  532 
thetine,  446 
thiobetalne,  446 
eugenol,  269 
fluorindene,  603 
formanilide,  82 
furazane  carboxylic  acid,  515 
furfurane,  448 

acetic    carlx>xylic   acid, 

45 » 
furfurol,  450 
gluco-cumar-ketone,  430 
glyoxalidine,  499 
glyoxaline,  497 

phenyl  hydrazoxime,  124 
granatoline,  571 
green,  358 
heptenone,  310 
hexahydrofluorene,  418 

methylene  dicarboxylic  ester, 
302 
methyl  ketone, 
302 
hexyl-keto-hexene,  298 
homo-oxybenzoic  acid,  226 

salicylic  acid,  226 
hydrindone,  387 
hydrocotoTn,  349 

quinone,  163 
idene  carboxylic  acid,  383 
imidohydrocinnamic  ester,  260 
indazole,  492 
indene,  383 

carboxylic  acid,  386 
indol,  466,  467 

acetic  acid,  127 
carboxylic  acid,  468 
sulphonic  acid,  468 
isatin,  259,  472 

tolylimide,  259 
isobutyl-keto-hexene,  298 
carbostyril,  286,  $56 
couraarin,  2S6 


Methylisoformanflide,  S2 
indol,  463 
phthalic  acid,  242 
propyl  beazenes,  56 

cyclohexane,  292 
diphenylenemethane,  41] 
hexahjdiophenol,  313 
keCohexamethylene,  296 
bezene,  298 

carboxylic 
ester,  3a 
phenanthrene,  415,  416 
phenol,  144 
pyiTol,  459 

succino-soccinic  ester,  30J 
tetrahydrobencene,  293 
quinoline,  556 
isoxazole,  494 
isoxazolon,  494 

ketodihydro-methyl  quinoxaline, 
596 
quinazoline,  591 
hexamethylenes,  296 
hexene,  298 

carboxylic  ester,  302 

307 
ketol,  124,  467 
mercapto-thiazole,  506 
triazole,  512 
morphimethine,  576 
morphine,  57Q 
naphthalene,  394 
naphthol,  391 ,  400 
naphtho-phenazonium  iodide,  600 
nicotinic  acid,  536 
nitropjrrazole,  483 
noropianic  acid,  237 
opianic  ester,  237 
oxazoline,  503 
oxindol,  46i8 
oxyquinoline,  544,  548,  596 

thiazole,  505 
paraconic  acid,  391 
pelletierine,57i 
penthiophene,  438 
phenanthridine,  558 

thridinium  iodide,  558 

thridone,  558 

throline,  554 
pheno-stilbazonium  hydroxide,  59^ 
phenpenthiazole.  18 1,  583 

pentoxazole,  181 
phenyl  ether,  146 

furfurane-carboxylic    acid, 

451 
hydrazine,  121 
hydrazone  acetoocetic  ester, 
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Methyl-pheny]  itaconic  acid,  289 
methane,  351 
oxazole,  503 
oxazoline,  503 
paraconic  acid,  263 
phthalazone,  238 
propiolic  acid,  285 
pyrrol,  459 
quinazoline,  589 
quinoline,  347 
sulphone,  139 
thiocarbamin  chloride,  87 
urea  chloride,  85 
phthalazone,  238,  587 
phthatide,  235 
phthalimide,  241 
pipecolyl  alkine,  540 
piperazine,  594 
piperic  acid,  285 
piperidine,  540 
protocatechuic  acid,  228 
porpuroxanthins,  428 
pyrazine,  593 
pyrazole,  480,  482 

carboxylic  acid,  485 
sulphonic  acid,  483 
p3rrazolon,  487 
pyridazinone,  585 
pyridine  carboxylic  acid,  536 

dicarboxylic  acid,  537 
pyridines,  532 
pyrogalloldiethyl  ether,  164 
methyl  ether,  164 
mucic  acid,  451 
pyrrol,  458 

carboxylic  acid,  461 
P3Trolidine,  462 

carboxylic  acid,  462 
pyrroline,  461 
quinaldone,  549 
quinazoline,  187,  589 
quinoline,  542,  545 

carboxylic  acid,  549 
quinolinic  acid,  537 
({uinoquinoline,  554 
salicyl  chloride,  224 
selenazoline,  508 
styrolene,  268 
sulphonic  phenyl  ester,  147 
terephthalic  acid,  243 
tetrahydrobenzene,  293 

isoquinoline,  557 
quinoline,  551 
tbiazole,  504 

carboxylic  acid,  506 
dicarboxylic  acid,  506 
thiazoline,  506 
thiazylacetic  ester,  506 
tbioBcetanilide,  83 


Methyl  thiophene,  454 
tolimidazole,  501 
tolylthiazoline,  506 
triazole,  512 
methylene,  22 
phenyl  dioxazine,  582 

methane  carboxylic  acids, 
362 
umbelliferone,  283 
vinyl -piperidene,  540 
violet,  357.358 
Metoxazine  group,  439 
Middle  oil,  49 
Mimosa  catechu  ^  159 
Mixed  azo-bodies,  112 

compounds,  113 
Monacet-diamido-diphenylamine,  118 
acetyl-dioxyphenanthrene,  415 
acid  menthan  alcohols,  313 
amido-phenazine,  599 
Monarda  punctata^  144 
Monoalkylamido-phenols,  1 54 
brom  anthraquinone,  425 

cinnamic  aldehyde,  272 
hexahydrobenzoic  acid,  300 

toluic  acid,  300 
methyJene  phthalide,  285 
quinone,  103 
stilbene,  375 
chlorcinnamic  aldehyde,  272 
quinone,  1 63 
stilbene,  375 
halogen  anthracenes,  423 
heteroatomic    five-membered    rings, 

447 
four-membered  rings, 

446 
three-membered  rings, 

444 
hydric  phenyl-paraflfin  alcohols,  176 
ketazocamphor-quinone,  330 
nitroquinone,  425 
nitrosonaphthatene,  396 

terephthalic  acid,  243 
phloreticphloroglucin  ester,  226 
thiopyrocatechol,  1 60 
Monoxyalcohol  acids,  250 
anthracene,  423 

quinones,  426 
benzaldehydes,  218 
benzoic  acids,  222 
benxyl  alcohols,  217 
phenyldiphenyl   tetrazolium   chlo- 
ride, 521 
olefine  carboxylic  acids,  279 
pyridine,  534 

carboxylic  acid,  537 
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Mordant  dye,  405 

Morin,  232 

Morinda  dtrifolia^  427 

Morindin,  427 

Moringa  Uumic  acid,  159 

tannin,  232 
Morphine,  576 
Morpholine,  581 

thebalne,  576 
Muscat  nut  oil,  270 
Mustard  oil,  83,  97,  269 

acetic  acid,  507 
Myrcene,  309 
Myricetin,  524 
Myristicine,  270 
Myristicinic  acid,  230 
Myronic  acid,  429 
Myrosin,  429 


N. 


Naphantiiracene,  429 
Naphanthraquinone,  429 
Naphsultamdisulphonic  acid,  399 
Naphsultone,  403 
Naplithacetin,  401 
Nnphthacetol,  401 
Naphthaldehydc,  407 
Naphthaldehydic  acid,  410 
Naphthalene,  48,  67,  384,  392,  394 

azo- compounds,  138,  397 

diazo-oxide,  516 
carboxylic  acid,  409 
chloride,  411 
sulphonic  acids,  394,  398 

disulphydrates,  404 

group,  389 

homologues,  394 

monocarboxylic  acids,  408 

poly-carboxylic  acids,  409 

red.  398 

ring  formations,  390 

sulphinic  acids,  400 

sulphonic  acids,  398 

tetrabromide,  411 

carboxylic  acid,  409 
chloride,  411 

trisul  phonic  acids,  398 

yellow,  401,  403 
Naphthalic  acid,  405,  409 
Naphtbalidinic  acid,  399 
Naphthalizarin,  405 
Naphtbazarin,  396 
Napbthazarine,  405,  426 
Napbtba/ine,  598 
Napbtbenes,  291,  300 
Naphthenic  acids,  300 
Naphthindulines,  602 


Napbthinoline,  558 
Napbthionic  acid,  399 
Naphthoazimides,  397 

benzyl  alcohols,  407 
amines,  407 
chlorides,  407 
cyaminate,  396 
derivatives  of  heterocyclic  ringf 

397 
diphenyl-dihydrotriazine,  606 
furazane,  407,  515 
furfurane,  464 
Naphthoic  acid,  408 

ketocoumaran,  464 
Naphthol,  391,  392,  400,  464 
Naphthol,  alkyl  ethers,  400 

azobenzene,  401,  402 
black,  400 
blue,  407,  582 
carboxylic  acids,  408 
diazobenzene,  401 

snlphonic  acids,  402 
ethyl  ether,  400 
green,  406 
homologues,  400 
methyl  ether,  400 

ketone,  407 
monosulphonic  acids,  402 
orange,  402 
Naphtbols,  400 

Naphthol  sulphonic  acids,  402,  406 
trisulphonic  acids,  403 
yellow,  401,  403 
Napbthomethylfurfurane  carboxylic  estei 
464 
nitriles,  409 
phenazine  oxide,  600 
phenazines,  398 
ocarbazole,  478 
osafranine  chloride,  603 
oxazine,  58a,  598 
oxazone,  582 
quinoline,  531,  553 
quinone,  393,  405 
anils,  407 

carboxylic  acid,  409 
chlorimides,  407 
dichloriimide,  407 

oxime,  406 
imides,  407 
phenyldiiinide,  407 

hydrazooes,  406 
quinones,  402,  404 
quinoxalines,  595 
quinoximes,  406 
resorcinol,  404 
styril,  408 
Na^btboxanthones,  408 
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Naphthoxylacetaldehyde,  464 
Naphthyl-acetic  acid,  407,  408 
acetylene,  407 
amido-thiobiazolon,  517 

thio-oxybiazoline,  516 
amine,  391 

azo-benzene     sulphonic 

acid,  398 
disulphonic  acids,  399 
sulphonic  acids,  399 
amines,  396,  468 

acid  deriyatives  of,  397 
azoacetic  acid,  398 
ester,  398 
benzene  sulphamides,  397 
blue,  602 

carbamine  chlorethyl  esters,  397 
carbinols,  407 
dimetbylamine,  396 
Naphtbylene  diamines,  397 

diamine  sulphonic  acid,  399 
oxamide,  596 
phenylene-methane,  418 
Naphtbylenes,  293 

ethylamine,  396 
hydrazines,  398 
indigo,  475 
indol,  468 
iodo-chlorides,  395 
mercaptan,  404 
methylamine,  396 
ketone,  407 
naphthoic  acids,  408 
phenylhydrazone,  468 
piperidine,  540 
snlphones,  400 
▼iolet,  602 
Napbthyridine,  558 
Naphtidine,  397,  398 
Naphtidines,  410 
Naphtrisnltamsulphonic  acid,  399 
NarceTne,  578 
Narcotine,  241,  575,  577 
Naringenin,  432 
Naringin,  430,  432 
Natural  dyes,  433 

isocinnamic  acid,  274,  276 
Neroline,  400 
Neutral  red,  599 
Neville  and  Winther's  acid,  402 
New  Victoria  green,  355 
Nicotine,  462, 565 
Nicotinic  add,  536 

methyl  betalne,  565 
Nne  Mae,  582 
Nitianilic  add,  170 
Nitranilide,  98 

Nitraniline-p-sulphonic  acid,  67 
NJfnuifVfoes,  92 


Nitriles  of  aromatic  monobasic  acids,  201 

of  phthalic  acid,  241 
Nitroacetophenone,  190,  284,  474 
alizarin,  427,  428 
amido  cinnamic  acid,  278 
diphenyl,  337 
nicotinic  acid,  533,  536 
tetraoxybenzene,  166 
amines,  63,  80 
anilines,  67 
azobenzene,  II3 
benzal  acetone,  273 
benzaldehyde,  186 

oxime,  186 
hydrazone,  186 
malonic  acid,  288 
benzazides,  201 
benzene,  75 

azo-amido-benzene,  115 
diazoxyamido-methane,  1 10 
benzenes,  66 
benzidine,  337 
benzmalonic  ester,  262 
benzoic  acid,  210 
nitrile,  210 
phenone,  347 
benzoyl -acetic  acid,  260 

acetoacetic  ester,  262 
acetone,  250 
formic  acid,  258 

amide,  258 
nitrile,  258 
oxime,  258 
phenylhydra- 
zones,  258 
malonic  ester,  263 
benzyl  alcohol,  180 
amine,  181 
aniline,  l8i 
chloride,  180 
cyanides,  21 1 
formamide,  181 
malonic  acid,  469 
nitrobenzaldoxime,  1 87 
nitrobenzene,  343 
phenyl  nitrosamine,  181 
sulphocyanide,  180 
bromacetophenones,  249 
benzaldehyde,  187 
hydrocinnamic  acid,  254,  255 
carbazole,  477 
carbostyril,  548 
chlorbenzaldehyde,  187 
methyl  phthalide,  393 
styrolene,  268 
cinnamenyl  acrolein,  272 
cinnamic  acid,  277,  465,  474 
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Nitrococcic  acid,  216,  433 
compounds,  31,  63 
coumaric  acid,  279,  2S0,  a8i 
coumarinic  dimethyl  ether,  281 
cresols,  151 
desoxybensoln,  371 
diamido-jiip^enyl,  337 

tri phenyl  methane,  352 
azobenzene  acids,  99 
imide,  ill 
phenol,  516 
bromhydiocinnamicacid,  256 

ethyl  ester, 
256 
methyl  aniline,  78 
phenyl,  336 

amines,  80,  9a 
amine-suboxide,  584 
disulphides,  137 
methane,  343 
ethoxy  benzonitrile,  67 
formyl  hydrazide,  1 20 
furfurane,  448 
Nitrogen  derivatives  of   the   naphthoqui- 
nones, 406 
haloid  l^nzenes,  67 

benzoic  acids,  210 
hydrntropic  acids,  211 
hydrazo-benzenes,  II 7 
hydrocinnamic  acids,  211 

quinone,  164 
indazole,  492,  493 
io<lanisol,  151 
isophthalic  acid,  242 

qninoline,  555 
malachite  greens,  355 
niandelic  acid,  251 
mesitylenes,  68 
mcthylcinnamic  aldehyde,  385 

indazole,  493 
mono-carl)oxy1ic  acids,  210 
naphthalcne-dia/.o-oxide,  5 1 6 

sulphonic  acids,  399 
naphthalenes,  395 
naphthoic  acids,  40S 
naphthol,  401 
naphthols,  401 
naphthotjiiinone,  393,  406 
naphlhylamines,  397 
opianic  acid,  238 
oxanilic  acid,  91 
oxypyridines,  533 
phenanthrenes,  414 
phenol,  150 
phenols,  149 
phenyl  acetaldehyde,  465 
acetic  acids,  210 
acetylene,  26^ 
alaDine,  253 

\ 


Nitrophenyl  benxoic  acid,  340 

fafomlactk  add,  256 
chloriactic  add,  256 
diacomercaptan  hydrosul- 
pfaide,  103 
hydrdndazole-car  b  o  X  y  li  ( 
acid,  493 
ether,  146 
glyceric  acid,  255 
glyddic  acid,  255,  256 
glydn,  84 

hydracrylic  add,  254 
hydrazine,  120 
indazolon,  493 
isindazole  caibozylic  add,  49^ 
lactic  add,  253,  254 

aldehydes,  248 
ketones,  249 
lactones,  254 
methyl  ketone, 

474 
methyl  pjrrazolon,  488 
naphthalene,  395 
nitroacrylic  acid,  253,  278 
propiolic  acid,  284,  471 

ethyl  ester,  28^ 
ester,  469 
pyridine,  532 

pyroracemic  add,  468,  470 
quinoline,  546 
phthalic  acids,  241 
phthalide,  235 
prehnitol,  68 
pyrazole,483 
P3rrazoles,  483 
pyridines,  533 
pyromucic  acid,  451 
quinolines,  547 
quinone,  169 
salicylic  acid,  225, 472 
Nitrosamines,  63,  78,  80 
Nitrosites,  267,  270 
Nitrosoacetanilide,  98 

alkylamines,  151 
alphyl-hydroxylamines,  70 
anilides,  83,  98 
aniline,  94 
anthrol,  423 
antipyrine,  489 
benzaldehyde,  187 
benzene,  70 

sulphonic  acid,  137 
•   benzoic  acid,  211 
carbazole,  477 
compounds,  78 
Conine,  564 
cresol,  152 
derivatives,  69,  93 
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Nitrosodiphenylamine,  80,  94 

ethylamido-cinnamic  acid,  277 
formanilide,  98 
hydrazines,  63 
hydroxylamines,  63 
iDdazole,492 
indol,  466 

mono-carboxylic  acids,  211 
naphthalenes,  396 
naphtbol,400 

naphthoquinone   oxinie, 
406 
naphthols,  406 

sulphonic  acid,  406 
orcin,  162 

phenol,  151,  15a,  168 
phenols,  151 
phenylglycin  ester,  126 

semicarbazide,  131 
pfaloroglucin  diethyl  ether,  165 
phthaliroidine,  234 
pinene,  323 
piperidine,  540 
tetrahydroquinoline,  550 
thymol,  152 
toluene,  70 
Nitrostyrolene,  254,  267 
thiophene,  454 
toluenes,  68 
trimethylpyrazole,  483 
phenylcarbinol,  353 
methane,  351 
xylene,  68 
Nonaphthene,  292 
Nopic  acid,  301,  323 
Norbemipinic  acid.  241 
Nomial  diaxohydrates,  102 
Normeconine-acetic  acid,  264 
Normetahemipinic  anhydride,  242 
Noropianic  acid,  237 
Norpinic  acid,  323 

Nucleus  acidylated  alkyl  benzenes,  190 
syntheses,  19 
synthetic,  257 

reactions,  50 


O. 
Oak- RED,  232 
Octadecyl  benzene,  57 
Octochloracetylacetone,  46 

ketotetrahydrobenzene,  298 
hydiocarbostyril,  300 
naphthalene,  413 
naphthoquinoline,  553 
naphthyridine,  558 
naphthene,  292 
Octyrl  benzeae,  $7 


Oil  of  absinthe,  319 
of  bergamot,  311 
of  bitter  almonds,  430 
of  cassia,  272 
of  celery,  311 
of  cumin,  320 
of  dill,  311 
of  garlic,  268 
of  lavender,  310 
of  lemons,  310 

of  Matricaria  parihntium,  327 
Olefine  benzenes,  266 

dioxyben/enes,  269 
monoxybenzenes,  269 
phenols,  268 
terpcnes,  308 
tetraoxy benzenes,  270 
trioxybenzenes,  270 
Olefmic  teq)ene  acids,  310 

alcohols,  309 
aldehydes,  310 
group,  309 
OUum  cintr,  311,  31 5 
Olive  soaps,  144 
Opianic  acid,  235,  237 
Opianoximic  acid,  237 

anhydride,  237 
Opium  bases,  575 
Orcendialdehyde,  233 
Orcin,  161,  162 

aurine,  361 
Orcinol,  161 
Orcins,  366 
Orcirufin,  582 
Origanum,  310 
Orpholum,  400 
Orsellic  acid,  162,  229 
Ortho-benzoic  acid  piperidide,  209 
compounds,  35 
diazines,  584 
phosphor-anilide,  80 
phthalophenone,  351 
quinones,  167 
thiazincs,  582 
Orthoxazine  group,  439 
Orthoxaziiies,  580 
Osazone,  387 
Oaazoiies,  122 
Osobenzene,  48 

tetrazones,  124,  131,  442,  606 
triazine  derivatives,  442 
triazole,  479,  508 

carboxylic  acid,  509 
group,  441 
triazoles,  124,  508 
Oxaldiamidoxime,  130 

enbisazoximethenyl,  515 
OxaUc  aic\d,  -y^-i,  ^^\ 
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Oxalines,  496 

phenylhydrazide,  129 

hydrazine  acid,  129 
Oxalylanthranilic  acid,  212 
diacetooe,  494 
acetopheoone,  383 
goanidine,  499 
urea,  499 
Oxanildioxime,  91 
anilic  acid,  90 
anilide,  89,  91,  374 
anthranol,  425 
atolylic  acid,  380 
azines,  580 
azole  group,  439,  441 
Molc*.  373.  479.  480,  50a 
azolines,  503 
ethyl -amidophenol,  1 52 

anisidine,  153 
ime  anhydrides,  259 
imido-propiophenone,  250 
indol,  ai4,  465,  471 
Oxodihydrobenzenes,  149 
ctimaein,  259 
menthylic  acid,  314 
tetrahydrobenzenes,  149 
Oxyacctophenonc,  221 
anthraquinones,  426 
antipyrine,  489 
azobenzcnes,  155 
l^enzal  acetone,  273 
benzoic  acid,  222 
phenonc,  348 
thiazole,  157,  508 
thiophene,  465 
ben/oxazole,  1 53,  504 
benzyl  alcohol,  217 
amine,  217 
benzenes,  343 

idenc  acetophenone,  379,  383 
biazole  group,  441 
Jizoles,  479,  480,  516 
azoline  derivatives,  126 
azolon  derivatives,  127 
phenyl  carhoxylic  acids,  340 
phenyls,  339 
camphenilanic  acid,  322 
camphor,  329 
carl)ostyril,548 
chlorstyrcne,  463,  464 

styrolene,  269 
chrysazin,  428 
cinnamic  acid,  280 
cinnamylidene  acetic  acid,  287 
cinnoline  carboxylic  acid,  586 
coumarin,  283 

cyclopentan  carlwxylic  acid,  27 
diamido-cyanidine,  605 

triphenyl  mclbanes,  ^$9 


Oxydihydroqainozaline,  595 
methyl  benxenes,  144 
phenyl  amine,  1^4 
phenylene  ketone,  419 
triazine,  374 
ethyl  benzenes,  144 

benzoic  scid  lactone,  235 
floorene  carhoxylic  add,  419 
flnorenone,  419 
furmzane  carhoxylic  add,  515 
hexahydro-cymene,  313 

isophthalic  add,  304 
methylene  carhoxylic  acid,  301 
hydratropic  add,  226 
hydrindene,  387 

hydrobenzene  dicarfooxylic  add,  304 
carbostyril,  253,  254,  551 
quinone,  165 

tri-ethyl  ether,  165 
methyl  ether,  166 
indol,  468 

carhoxylic  acid,  262,  468,  470 
isophthalic  acid,  243 
propyl  benzoic  add,  236 

lactone,  235 
quinolines,  556 
juglone,  405 
mandelic  acid,  252* 

lactone,  252 
mesitylenic  acids,  226 
methylbenzoic  acid,  233, 234,  235, 251 
lactone,  234 
coumarin,  283 
methylene  acetophenone,  287 
camphor,  330 

anhydride,  330 
cyanhydrin,  330 
compomids,  256 
menthone,  318 
phenyl  acetic  ester,  287 

ethyl     ester, 
257 
methylquinoline,  548 

tetrahydroqainoline,  551 
thiazole  carhoxylic  ester,  506 
thiophene,  455 
tolimidazole,  501 
naphthoic  acid,  394,  408 
naphtho  phenazine,  600 
quinone,  405 

anil,  405,  407 
oxime,  407 
naphthylamine,  396 
nicotinic  add,  537 
pentacarboxylic  acid,  265 

decylic  acid,  421 
phenazines,  600 
oxazime,  582 
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)xyphenoxazone,  582 
thiazone,  5S4 
phenylacetic  acid,  226 

lactone,  227 
acetonitrile,  226 
alanine,  253 
benzoic  acid,  340 
ethylamine,  217,  254 
glyoxylic  acid,  259 
indazole,  493 
lactic  acid,  253 
methyl  pyrazolon,  488 
pyridazone,  585 
mustard  oil,  153 
olefine  alcohols,  27 1 
aldehydes,  272 
carboxylic  acids,  279 
ketones,  273 
phthalide,  349 
propionic  acid  lactone,  227 

acids,  226 
pyroracemic  acid,  259 
succinic  acid,  262,  281 
thiourea,  153 
urea,  153 
phosphazobenzene  anilide,  80 
phthalic  acid  anhydride,  241 

acids,  241 
phthalide,  235 
picolinic  acid,  537 
picric  acid,  161 
pipitzahoTc  acid,  170 
pyrazoles,  483 
pyridine  carboxylic  acids,  537 

dicarboxylic  acid,  537 
pyridines,  522,  533 
pyridone,  534 
pyrone,  522 

carboxylic  acid,  523 
pyrrodiazole  dicarboxylic  acid,  510 
quinaldine,  85,  548 

carboxylic  acid,  213 
quinazoline,  591 
quinoline  carboxylic  acids,  550 
quinolines,  547 
quinolinic  acid,  537 
quinone  homologues,  170 
quinones,  170 
quinoxaline,  596 
suberanic  acid,  29 
terephthalic  acids,  243 
terpenjlic  acid,  320 
thionaphthene,  465 
pbene,  455 
tolene,  455 
th3rmoquinone,  170 
toluenes,  143,  144 
toluic  acids,  225 
tricarboxylic  acids,  246,  265 


Oxytrimellitic  acid,  246 
mesic  acid,  246 
methyl  piperidines,  540 
phenyl  methane,  359 

carboxylic  acids, 
362 
uvitic  acid,  243 
xanthone,  524 
xanthones,  525 


PyENOL,  221 

Palmityl  benzene,  190 
Papaveraldine,  576 
Papaveraline,  576 
Papaverine,  576 
Para-anthracene,  422 
azines.  581 
banic  acid,  499 
camphoric  acid,  332 
compounds,  35 
coto  bark,  349 

oil,  270 
diazine,  592 

dyes,  405 
glyoxal  methylin,  498 
leucaniline,  352,  357 
mandelic  acid,  251 

derivatives  of,  25 1 
Paramide,  247 

oxybenzoic  acid,  254 
quinones,  167 
rosaniline,  353,  356 

constitution  of,  356 
rosolic  acids,  361 
thiazine,  443»  583 

group,  442 
Paroxazine,  443 

dyes,  405 
group,  439. 442 
Parsley  seeds,  271 
Parvuline,  532 
Pelargonium  oil,  309 
Pelletierine,  57' 
Penicillium  glaucunty  251 
Pentaamidocyclopentadein,  172 
phenol,  172 
toluene,  97 
bromaniline,  92 

diketo-oxy-hexcne  hydrate,  297 
toluene,  292 
carbocyclic  compounds,  25 
chloraniline,  92 

diketo-hexene,  299 
naphthalene,  395 
orcin,  162 
phenol,  29S 
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Pentachloq;>yridine,  $33 
resorcinol,  46 
xylene,  237,  250 
hydric  phenols,  166 
ketocyclopentane,  171 

|)cnUmethylene,  27 
methyl  benzene,  56 

benzoic  acid,  196 
diphenyl  methane,  343 
methylene,  25 

imide,  442,  538 

piperidine,  438 
oxide,  437,  442 
methyl  phenol,  145 

triamidotripheoylmethane, 

358 
violet,  358 
Pentamlnes,  97 

phenylpyridine,  383,  529 
pyridines,  533 
Penthiazoline  group,  442 
Penthiophen,  525 
Pcnthiophene  group,  442 
Penlol,  25 

Pcntosides,  429,  431 
Pcntoxazoline,  439 

group,  442 
Peonine,  361 
PepiHjmiint  oil,  313,  318 
Perchloracetoacrj'Hc  acid,  46 

acroyl  acrylic  acid,  45 

diphenyl,  336 

indoiie,  27,  386,  387 

naphthalene,  394,  395 

l^entene,  25 

pyrocoll,  461 

trimethyl  cyanic! ine,  6C14 

vinyl  acrylic  acid,  45 
Peri -naphthalene  derivatives,  409 
Perkin's  reaction,  273,  277 
Pemitroso  camphor,  330 
Persea  cassia,  oil  of,  272 
Per  sea  cinnamomum^  272 
Persio,  162 
Peru  balsam,  274 

Pesacelophenone  diethyl  ether,  221 
Petroselinufn  sativum,  271 
Phaseolus  vulgaris^  295 
Phascomannite,  295 
Phellandrene,  312 

nitrositc,  312 
Phellandntifti  aquaticufHy  312 
Phenacetin,  154 
Phenacetol,  146 
Phenacylacetone,  250 

anilide,  249 

chloride,  248 
anthraquinone,  97,  41$ 

dioximc,  41^ 


Phenanthraquinone  naooiiaiet  415 

anthrcnc,  48,  384,  413,  414 

cutioxylic  Bcids,  414 
dibcomide,  414 
group,  413 
hydroquinooe,  415 
octo-diloride,  414 
sulphonic  adds,  414 
tetrahydride,  414 

anthridine,  557 

anthridone,  558 

antbrofurazane,  515 

anthroline,  545 

anthrone,  415 

antfarophenazine,  598 

•te»»  143 
aiine,  160,  215 

group.  597 
««>ne»  337.  5^7 
benzyl  dihydro-triazine,  606 
diol,  159 
Phene,  47 

Phenethyl  benzyl  ketone,  380 
Phenetidine,  154 
Phenetol,  146 

carbamide,  154 
keto-dihydro-triazine,  606 
methyl  dihydrotetrazine,  1 22 

metadiazine,  187 
methylol,  176 

triazine,  605 
morpholine,  153 
Phenol,  45,  14a,  171,  174,  464 
alcohol-ethers,  145 
alcohols,  217 
aldehydes,  21 8 
ates,  143 
benzelnes,  360 

deriyatives  of  triphenyl  carbinol, 
360 
methanes, 

359 
diazobenzene,  155 
chlorides,  154 
mercaptan     hydrosulphidc 

155 
disulphonic  acid,  156 
ethers,  146 
ethylene  ether,  146 
glyoxylic  acids,  269 
ketones,  220 

monocarboxylic  adds,  221 
naphthaleln,  409 
phenylethaDe,  368 
phthaleln,  364 

anhydride,  365 

anilide,  364 

oxime,  364 
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Phenols,  31,  51,  II4,  135,  140,  144.  158* 
164,  166 
salicylic  ester,  224 
sulphoDic  acid,  156 
trisulphoDic  acid,  156 
Phenomauyelne,  603 

naphthacridone,  560 

oxanthones,  525 
quinone,  168 
safranine,  603 
Phenose,  295 

oxalkylamioes,  I46 
oxazine,  153,  160,  581 
oxethylamine,  146 
oxyacetaldehyde,  146 
acetals,  464 
acetic  acid,  146 

acryl  methyl  ketones, 

.       ^73      ^ 
acetoacetic  ester,  146 
acetone,  146 
butyric  acid,  146 
Phenoxylacetal,  464 

diphenylphosphine,  132 
phosphazobenzene,  80 
PheDOxypropylamine,  146 

phenyl  dihydro-triazine,  181,  606 

triazine,  206 
tetrazines,  442 
tetrol,  166 
thiazimes,  584 

azooe,  584,605 
thiol,  156 

triazine,  122,  131,  605 
azyl  methyl  ketone,  606 
Phenylacetaldehyde,  184,  254,  271,  276 
acetate,  147 
acetic  acid,  191,  194,  196 

anhydride,  198 
acetobutyric  acid,  261 

carboxylic  add,  244 
acetone,  190 
aceto-nitrile,  203 

succinic  ester,  263 
acetyl- acetone,  250 
chloride,  198 
P3rrazole,  484 
acetylene,  266,  267,  168,  284 
carboxylic  acid,  284 
di-iodide,  267 
acridine,  560 
acrolein,  272 
acrylic  acid,  S74,  278 
actazam,  350 
alanine,  84,  253 
alcohol  aldehydes,  248 

dicarboxylic  acids,  262 
ketone    cartx>xylic     acids, 
261 


Phenylaldehyde  ketones,  249 
alkylamines,  77 

ammonium  bases«  77 
hydrazines,  121 
allophanic  ester,  86,  148 
allyl  acetic  add,  279 

nitrile,  279 
allylene,  268 

malonic  acid,  289 
sulphone,  139 
amidoacetic  add,  252 

methyl  ester,  252 
nitrile,  252 
azobenzene-sulphonic     acid, 

138 
cinnamic  add,  377 
hydrocinnamic  acid,  376 
lactic  add,  256 
methylisotriazole,  509 

pentoxazoline,  580 
propionic  acid,  253 
quinoline,  547 
thiazole,  505 
amine,  71,  74 
ammonium  bases,  77 
amphiglyoxime,  249 
angelic  acid,  278 
anthracene,  423 
anthranilic  acid,  212 
anthranol,  424 
antiglyoxime,  249 
arsenic  compounds,  132 
Phenylated  carbylamines,  83 

fatty  ketones,  189,  190 
pararosanilines,  359 
phenylene  diamines,  95 
rosanilines,  359 
wretLs,  85 
azimidoethoxybenzene,  511 
azocarbamide,  103 

formazyl,  13 1 
benzaldoxime,  186 
sultime,  346 
amide,  199 
benzene  induline,  601 

sulphazide,  119,  125 
benzenes.  335 

hydrylbenzoic  acid,  350 
imidazole,  204,  500 
benzoic  acid,  340 
ester,  198 
paroxazine,  581 
thiazole,  199,  204,  507 
benzoxazole,  203,  504 
benzoyl  isoxazolon,  495 

propionic  acid,  377,  380 
pyra/ole,  4S4 
urea,  ^7A 
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Fhenylketodihydro-triazme,  ia6 
ketols,  248 

ketone  dicarbozylic  acids,  263 
oxybutyric  acid,  261 
tetrahydro-oxazole,  503 
tricarboxylic  acids,  264 
lactic  acid,  252,  253 
Isevulinic  acid,  261 
lutidon-carboxylic  acid,  85 
lutidone  carlwxylic  acid,  538 
maleic  acid,  289 

anhydride,  289 
malic  acid,  263 
malonic  acid,  262 

ester,  262 
mercaptan,  156 
mercapto-thiazole,  506 
mesaconic  acid,  289 
methyl  acetylene,  268 
acrylic  acid,  278 
carbinol,  176 
chlorpyridazone,  585 
cyantriazole,  509 
dihydrotetrazine,  606 
ethoxypyrazole,  127,  484 
furfurane,  449 
glycol,  247 

oxaline,  503 
isoxazole,  494 
ketone,  189 
methoxypyrazole,  484 
nitrnmine,  98 
nitrosamine,  98 
osotriazole,  509 
oxazole,  502 
oxybiazolon,5l6 
osotriazole,  509 
pyrimidine,  205 
pentoxazoline,  580 
pyrazole,  124,481,482,483 
carboxylic     acids, 
485 
]))Tazolidine,  490 
pyrazolidone,  490,  491 
pyrazolon,    127,    481,  487, 
488.  489 
azobenzene,  488 
pyridazinone,  127,  585 
pyridazone,  585 
pyridine,  529,  532 
quinoline,  546 
succinic  acid,  262 
s,  sulphydantoln,  87 

"  >s  triazole,  512 

carboxylic     acid, 

513 
triazolon,  128,513 
monohaloid  acrylic  acid,  275 
mustard  oil,  89 


Phenyl  mustazd  oil  acetic  mad,  88 
Phenylnaphthalene,  394,  395 
naphthoic  add,  408 
naphthophenazonium  chloride,  600 
quinone,  395 
xanthene,  410 
naphthylamines,  396 

carbazole,  478 
snlphide,  404 
nitramines,  98 
nitro-ethylene,  267 
methane,  178 
paraffins,  1 78 
propylene,  267 
nitrosammes,  97 

ohydrazine,  131 
ohydroxylamine,  70 
olefine  alcohols,  271 
aldehydes,  272 
carboxylic  acid,  273 
acids,  255 
keto  carboxylic  acids,  287 
ketols,  287 

ketone  carboxylic  acid,  288 
ketones,  272 
orthoformic  ester,  147,  157 

piperazone,  586 
osotriazole,  509 

azimide,  509 
carboxylic  acid,  509 
dicarboxylic  acid,  509 
oxalacetic  ester,  259,  263 
amic-diphenyl-amidine,  91 
anthranol,  425 
azole,  503 
azoline,  203,  503 
oxybenzoic  acid,  340 
butyric  acid,  255 
crotonic  acid,  2iS7 
hydrindone,  387 
indol,  470 

ketone  dicarboxylic  ackls,  264 
naphthoquinone,  405 
olefine  carboxylic  acid,  287 
phenyl  propyl  alcohol,  379 
propionic  acid,  252 
pyrimidine,  588 
quinoline,  213 

carboxylic  ester,  544 
quinoxaline,  596 
succinic  acid,  263 
tetrazole,  520 
thiazole,  505 
thiophene,  261 
valeric  acid,  255 
parabanic  acid,  9 1 
paraconic  acid,  255,  263 
paraffin  alcohol  acids,  250 
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nsylparaffin  aldehyde  carboxylic  acids, 

256 
dicarboxylic  acids,  262 
diketones,  2$o 
/3-ketone  carboxylic    acid, 

259 
ketone     carboxylic     acids, 

257 
tricarboxylic  acid,  264 
penthiazoline,  204,  583 
pentoxazoline,  203 
phenacyl  acetic  acid,  380 
anthridine,  558 
azonium  chloride,  600 
phenylimido-oxybiazolon,  516 
phosphine,  132 
phosphorus  compounds,  132 
phthalide,  349 
phthalimidine,  234 
piperic  acid,  381 
piperidine,  58,  540 
propiolic  acid,  266,  267,  284 

ester,  259 
propionic  acid,  197 
propionitrile,  203 
propyl  alcohol,  177 
aldehyde,  184 
amine,  179 
propylene  thiourea,  507 
propylidene  acetic  acid,  278 

triazolon,  513 
pyrazole,  48X,  482,  483 

carboxylic  acid,  485 
dicarboxylic  acids,  485 
pyrazoles,  483 
pjrrazolidine,  490 
P3rrazolidon -carboxylic  acid,  1 29 
pyrazolidone,  491 
pyrazoline,'48i,  485,  486 

dicarboxylic  methyl  es- 
ter, 486 
pyrazolon,  260,  284,  487 

carboxylic  acid,  490 
pyridazinone,  585 

carboxylic  ester,  585 
pyridine,  531,  532 

dicarboxylic  acid,  531 
pyridone,  534 
pyridyl  ketone,  535 
pyrimidone,  588 

carboxylic  acid,  588 
pyrone,  522 

pyroracemic  acid,  280,  259 
pyrrodiazole  dicarboxylic  acid,  510 
pyrrol,  458,459 
qainaldine,  546 
quinazoline,  589 

carboxylic  acid,  589 
qninazolon,  347 


Phenylquinoline,  546 
rosinduline,  602 
salicylic  acid,  340 
selenides,  158 
selenium  hydrate,  158 
semicarbazide,  86,  127 
serin,  256 
silicates,  147 
silicon  compounds,  133 
styrenyl  triazolon,  513 
succinic  acid,  262 
sulphamic  acid,  80 
sulphide,  157 
sulphocarbazinic  acid,  1 28 

carbizine,  128,  157,  608 
cyanate,  89 
sulphone  acetic  acid,  139 
semicarbazide,  128 
ureas,  87 
sulphurethane,  86 
ethanes,  86 
sulphuric  acid,  147 
tellurides,  158 
tetrahydropyramidine,  588 

pyrimidine,  204,  205 
quinazoline,     18 1,    591, 
592 
tetrazole,  519,  520 

carboxylic  acid,  520 
roercaptan,  520 
methyl  sulphide,  520 
tetrazotic  acid,  205 
tetrose,  248, 256 
thiazole,  505 
thiazoline,  204,  506 
thiobiazoline  sulphydrate,  517 
biazolon  sulphydrate,  1 28 
hydantoTns,  87 

pentahydrodiazthine,  1 28,  608 
phene,  454 
salicylic  acid,  224 
semicarbazide,  88 
tetrazole,  519 
tetrazoline,  520 
thiuramsulphide,  87 
thiurea,  87 
tin  compounds,  133 
tolyl,  336 

carbinol,  344 
ketone,  345 
methane,  343 
phthalide,  363 
propane,  267,  370 
triazole,  126,  5x2 

aldehyde,  509 
carboxylic  acid,  513 
dicarboxylic  acid,  513 
triazolon,  513 

carboxylic  a.cvl^  V--^^ 
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Phenyltribnmi-pyrizole,  483 
carboxylic  add,  485 
iodethylene,  267 
methyl  ammonium  iodide,  72 

pyrezolon,  489 
oxybutyric  acid,  256 

lactone,  256 
uracil,  260 

urazole,  1 27,  1 28,  514 
urea,  85 

bromide,  85 
chloride,  85 
urethanes,  85 
valeric  acid,  197 

yalerolactone  airboxylic  acid,  263 
▼inylamine,  267,  276 

ethyl  ether,  271,  287 
xylylpropane,  370 
Phlobaphene,  232 
Phloretic  acid,  226,  431 
Phloretin,  165,  226,  431 
Phloridzin,  430    . 
Phlorine,  366 

Phloroglucin,  46,  1 36,  165,  366,  464 
carboxylic  acid,  230 
triacetate,  165 
carboxylic  ester,  246,  306, 

307 
ethyl  ether,  165 
methyl  ether,  165 
oxime,  165 
glucite,  165,  295 
l*hoenicin  sulphuric  acid,  476 
Phorone,  169 
Phosphaniline,  132 

phazobenzene  anilide,  80 
chloride,  80 
Phosphenyl  chloride,  132 
Phosphin,  356,  560 
Phosphino-benzene,  132 
Phospho-lxrnzene,  1 32 
Phosphorphenylamines,  80 
Phthalaldehyde,  233 

chlorides,  237 
dioxime,  233 
aldchydic  acid,  235,  236,  257 

methyl  ether,  236 
amic  acid,  240 
anil,  241,  350 
azine,  233,463,  586 
azines,  586 
azone,  236,  587 
Phthalein,  364,  586 
Phthaletns,  35 1,  363 
Phthalic  acid,  191 

aldehydes,  233 
acids,  238,  239 
anhydride,  240,  463 
diamide«  240 


Fhthalidacetic  acid,  264,  287 
carboxylic  add,  264 
propionic  add,  264 
Phthalide,  234,  463 
anil,  234 
chloride,  234 
Phtbalidelnes,  364 
idelns,  424 
Phthalides,  362 
Phthalidines,  364 
Phthalidins,  424 

imide,  236,  240,  463 

acetic  acid,  289 
imidine,  234,  463 
Phthalin,  362 
Phthalins,  364 
Phthalone,  501 
Phtbalonic  add,  265 
nitrile,  241 
phenones,  350 
Phtbalyl  acetic  acid,  289 
alcohol,  232 
chloride,  240 
cyanacetic  ester,  290 
diacetic  add,  265 

malonic  acid,  265 
ene  tetrachloride,  240 
green,  363 
hydraxine,  241,  587 
hydroxaroic  acid,  241 
phenylhydrazide,  241 

hydrazine,  241,  587 
propionic  acid,  264 
superoxide,  240 
Piaselenol,  518 
Piaselenols,  441,  480,  5x8 
Piazines,  592 
Piazselenoles,  96 
Piazthiolen,  517 

Piazthioles,  96,  441,  479,  480,  518 
Picamar,  165 
Picean  ring,  323 
Picene,  416 

fluorene,  388,  417,  418 

alcG^l,  417,  419 
ketone,  417,  419 
perhydride,  416 
Picenic  acid,  408,  417 
Picoline  acrylic  acid,  538 
lactic  acid,  538 
methyl  ketone,  535 
Picolines,  532 
Picolinic  acid,  531,  536 
Picolyl  alkines,  535 

methyl  alkine,  535 
trichlor  methyl  alkine,  535 
Picramic  acid,  154 
»  Picramide,  68,  93 
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Picric  acid,  68,  150,  394,  467 
l^icrocyaminic  acid,  151 
erythrin,  229 
toxic  acid,  432 
toxin,  432 
Picryl  chloride,  68 
Picjlenmethane,  418 
Pilocarpidine,  565 

cazpine,  565 
Pimaric  acid,  334 
Pimelic  acid,  314,  522 
Pimelin,  296 

ketone,  307 
Pimpinella  anisum,  269 
Pinacoline,  418 
Pinene,  25,  308,  322 
glycol,  325 
hydrobromide,  323 
chloride,  323 
nitrosobromide,  323 
chloride,  323 
Pinic  acid,  323 
Pinite,  295 
Pinol,  325 

dibroxnide,  326 
glycol,  326 
hydrate,  325 
nitrosochloride,  326 
Pinonic  acid,  323,  328 
Pinoyl  formic  acid,  323 
PiMMS  lamberlina^  295 

maritimOy  334 
Pinylamine,  323,  326 
Pipecolines,  540 
I*ipeco1inic  acid,  540 
Piperazine,  443 
Piperazines,  594 
Piper  ^tle^  270 
eubebOf  272 
hydronic  acid,  283 
Piperic  acid,  285,  289 
Piperidine,  285,  44a,  472 
Piperidines,  538 
Piperidyl  orethane,  540 
Piperine,  540,  56a 
Piperooal,  aao,  270 

acetalamine,  578 
PiperoDoyl  carboxylic  acid,  259,  270 
PipeiODyl  acrolein,  27 

acrylic  acid,  283 
alcohol,  218 
Ffpeionylene  acetone,  273 

malonic  acid,  2.  9 
pyroracemic  acid,  287 
Piperonylic  acid,  228, 270 

idene  acetone,  273 
Plperyl-amido-cyanidine,  605 
hydrazine,  540 
meihy]  tbiazoline,  507 


PipitzahoTc  acid,  170 
Pitch,  49 
Pittical,  361 
Polei  oils,  320 
Polybenzoyl  cyanide,  258 
carboxylic  acids,  238 
Polygonin,  431      , 
Polygonum  cmpidatum^  43 1 
Polyhaloid  phenols,  149 
membered  rings,  435 
Polymeric  aldehyde,  442 

cyanogen  compounds,  442 
Polymerization,  43,  436 
Polynitrohydrocarbons,  66 
oxyanthraquinone,  429 
phenylamines,  79 

fatty  hydrocarbons,  335 
quinoyl  compounds,  1 70 
quinoyls,  170 
salicylide,  225 
sulphonic  acids,  1 36 
terpenes,  308 
Ponceau  dyes,  403 
Populin,  430 
Populus  tremulay  430 
Potassium  carbon  monoxide,  166 
chloranilate,  170 
euthiocarbonate,  170 
chromate,  164 
indoxyl  sulphate,  468 
oxybenzylsulphonate,  1 84 
phthalimide,  79 
Potential  valence,  436 
Prehnidine,  76 
Prehnitic  acid,  56,  246 
Prehnitol,  56 
Prehnitylic  acid,  56,  196 
IVicrylmalonic  ester,  262 
Primary  amines,  396 
Prism  formula,  40 
Propenyl  anisol,  269 

benzene,  268 
benzoic  acid,  273 
phenol,  269 
pyrocatechol,  270 
trimethoxybenzene,  270 
▼eratrol,  270 
Propidene-phenylhydrazone,  466,  467 

phthalide,  286 
IVopionylacetophenone,  250 
benzene,  189 
fenchylamine,  326 
methylphenylhydrazide,  471 
phenol,  221 
Propiophenone,  189 
Propyl  acetanilide,  82 
benzene,  55 
benzoic  acid,  19^ 
V>en VAC  ««X£V ,  \S^ 
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Propyl  ch1oq>htha]azone,  586 
Propylene  urea,  503 

glyoxalidine,  499 

mesitylene,  57 

phenol,  144 

phthalazone,  587 

piperidine,  540,  562 

pyridene,  532 

pyrogallol  ether,  1 65 

tetraoxybenzene,  166 
Protocatechuic  acid,  227,  282 
aldehyde,  219 

methylene  ether, 
220 
ProtocotoTn,  349 
Pseudoazimide  group,  398 

azimides,  480,  509 

azimido-derivatives,  115 

carbostyril  ethers,  548 

conhydrin,  535,  564 

cumene,  49,  53.  55 

sulphonic  acid,  144 

cumenol,  144 

cumenyl  glycol,  232 

cuiiiidine,  76 

cumoquinone.  169 

cumylglyoxylic  acid,  259 
hydrazine,  120 

indoxyl,  469 

ionone,  310 

isatin  cthoxime,  472 

isatoxime,  469,  472 

leucaniline,  352 

lutidostyril,  534 

carboxylic  acid,  538 

mor)>hine,  576 

nitroso-anthrone,  423 

opianic  acid,  238 

pelletierine,  571 

phenanthrolines,  554 

phenyl -acetic  acid,  196 

thiohydantoic  acid,  88 
hydantoln,  88 

phthalimidine,  234 

purpurin,  429 

saccharin-chloride,   216 

tolyl-acetic  acid,  196 
rtyalin,  430 

rtyihotis  tijiKvafty  56,  144 
rulegon,  296 

amine,  317 
Pulejone,  320 
Pulvic  acid,  382 
Pure  yellow,  115,  137 
Puri^ur,  French,  162 
Purpurin,  420,  428 

-amiile,  428 
carboxylic  acid,  429 
Parpuroxanthin,  428 


Pyranine,  525 
Pyrantin,  154 
Pyrazine,  593 

dicarboxylic  acidy  593 

g«»P.  439»  442 
monocarboxylic  acid,  593 
tetracarboxyllc  mcid,  593 
Pyrazines,  592 

Pyrazole,  124,  437,  479,  480,  481 
blue,  488 

caiboxylic  acid,  485 
acids,  4S4 
esters,  484 
dicarboxylic  acid,  485 
formation,  127 
group,  439,  441 
ketones,  484 
monazole  group,  480 
silver,  481 
sulphonic  acids,  483 
tricarboxylic  acid,  485 
ester,  484 
Pyrazoles,  480,  482 
Pyrazolidine,  480,  481,  490 

carboxylic  acids,  490 
Pyrazolidone,  480,  481,  490,  491 
Pyrazoline,  480,  481,  485,  486 
carboxylic  acids,  486 
dicarboxylic  acid,  486 
ester,  486 
tricarbonacetic  trimetbyl  este 
486 
carboxylic      methyl     este 
486 
Pyrazolon,  259,  480,  481,  486,  487 
azobenzene,  487 
carboxylic  acid,  489 
opyrazolon,  489 
Pyrene,  48,  A^o,  576 
ketone,  420 
I^renic  acid,  420 
Pyrenquinone,  420 
Pyridazine,  584,  585 

dicarboxylic  acid,  585 
group,  439.  442 
Pyridazinone-carlioxylic  ester,  585 
Pyridine,  106,  437,  438,  443,  531 
betalne,  446 
betafnes,  530,  532 
carboxylic  add,  531,  535 
dicarboxylic  acid,  536 
group,  442,  526 
pentacarboxylic  acid,  537 
polycarboxylic  acids,  545 
sulphonic  adds,  533 
tetracarboxylic  add,  537 
tricarboxylic  acid,  537 
Pyridone,  534 
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^rridyl  acrylic  acid,  538 
alcohols,  535 
alkincs,  535 
brompropionic  acid,  538 
ethyl  alkine,  535 
ketone,  535 
ketones,  535 
lactic  acid,  538 
methyl  ketone,  535 

pyrrolidine,  462 
pyrrol,  458,  459 
tetrahydro-methyl  pyrrol,  565 
Pyrimidine  group,  439,  442 
Pyrimidines,  587 
Pyrocatechin,  159 

carbonic  ester,  159 
carboxylic  acid,  228 
chlorphosphine,  1 59,  160 
diacetyl  ester,  159 
benzoyl  ester,  159 
methyl  ether,  159 
ethylene  ester,  159 
monobenzoyl  ester,  159 
methyl  ether,  159 
oxychlorphosphine,  159,  160 
sulphite,  159 
catechol,  159 

cylic  esters,  160 
hetero-ring  formations  from, 

159 
homologues,  160 
sulphuric  acid,  159 
Pyrocoll,  460,  461,  468 
comane,  522 
coraenic  acid,  522 
condensation,  43 
gallol,  X64,  464 

carboxylic  acid,  230 
dimethyl  acetate,  164 

ester,  164 
ethyl  ester,  164 
pthalelns,  366 
trimethyl  ester,  164 
genie  syntheses,  49 
Fyromecaionic  acid,  535 
meconic  acid,  522 
mellitic  add,  246 
mucicacid,  391,  450 

carboxylic  acid,  522 
dicarboxylic  acid,  522 
group,  442 
ncemic  anilide,  84 

chloride,  83,  84 
triuutaric  acid,  451 
Pyiozolon  carboxylic  ester,  495 
Fynodimii)ie,437,  479.  5x1 

dicarboxylic  acid,  510 
Vprodhuoleg,  $08,  $10 


Pyrrol,  437, 438,  441,  443,  447,  457,  462, 
465,  479.  480 
azo  benzene,  460 
carbamide,  458 
carboxylic  acids,  460,  461 

ester,  458 
diazo  benzene,  460 
dicarboxylic  acid,  461 
l^rrolen-phthalide,  461 

glyoxylic  acid,  460 
Pyrrolidine,  461, 480 
Pyrrolidone,  462,  480 
Pyrroline,  461,  480 
Pyrrolon,  480 
Pyrrol  red,  457 
Pyrrolylene,  462 
Pyrro-monazole,  480,  496 
group,  480 
monazoles,  479 
triazole,  480,  519 
triazoles,  479,  519 
Pyrroyl -pyrrol,  460 
Pyrryl-dimethyl  diketone,  460 
methyl  ketone,  460 


Quaternary  ammonium  derivatives,  73 

Quebrachite,  295 

Quebracho- bark,  295 

Quercetin,  523 

Quercite,  295 

Quercitrin,  432 

Quercus  tinctoria^  432 

Quina-bases,  571 

acetophenone,  221 

acridine,  561 

aldic  acid,  549 

aldine,  187,  466,  546 

alizarin,  429 

azolon,  187 

azolons,  590 
Quinene,  573 

hydrone,  168 
Quinia-red,  232 
Quinic  acid,  299,  30X,  550 
Quinide,  301 
Quinine,  571 

isatin,  261,  549*  55 1 

isatinic  acid,  261 

lactam,  261 
Quinite,  168,  294,  297 
Quinizarin,  428 
Quinoanils,  172 
Quinogens,  169 
Quinold  derivatives  of  fluorescein,  366 

l5^N 
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Quinoline,  73,  187,  545 

acrylic  acid,  546 
aldehyde.  546,  549 
betalne,  545 
carboxylic  acid,  549 
dicarboxylic  acid,  550 
group,  541 
iodmethylate,  545 
ketones,  549 
lactic  acid,  546 
oxalic  acid,  546 
phenols,  546 
red.  556 
yellow,  546 
Quinolinic  add,  536 
guinone,  75.  166,  167,  301,  404 
anilinimide,  174 
benzoylphenylbydrazone,  172 
chlorimide,  172 
dianil,  80,  173 
chlorimide,  172 
methyl-anilinimide,  174 
oxime,  67,  167,  168,  172 

carltoxylic  ester,  305 
haloids,  169 
homologues,  168 
imides,  115,  17a 
monanil,  172 
monohydrazinc,  168 
monoxime,  167,  168,  172 
nitrogen  derivatives,  172 
phenol  addition  products,  168 

imide,  173 
phenylhydrazones,  1 72 

imide,  172 
tetrabromide,  297 

carboxylic  ester,  246 
hydro- tetracarboxylic  ester, 

307 
Quinophthalone,  546 

oxaiine  dicarboxylic  acid,  596 

oxalines,  96,  374,  397,  594,  596 

oxalophenazine,  596 

oxime,  152 
Quiiioyl,  167,  170 


R. 

Reaction  of  Licbermann,  141 

of  Plunge,  142 
Rearrangements  of  diazoamido  com{x>unds, 

109 
Red  bcrgamot  oil,  286 
corallin,  361 
oil,  355 
Regularities  in  substitution,  69 
Kesacetophenone,  221 


Resauiine,  361 
Resazorin,  161 
Resin  acids,  334 
oils,  291 

K«I»»354 
Resins,  334 
Resocyanine.  283 
Resorcin,  464 

dialdehjde,  233 
Resorcinol,  46,  159, 160 
benzelne,  360 
diacetyl  ester,  161 
benxoate,  161 
cartx>nic  ester,  161 
methyl  ether,  161 
moDOCari>oxylic  acids,  228 

methyl  ether,  161 
phthalelns,  365 
Resorcyl  aldehyde,  220 
Resorcylic  add,  228 
Resorufin,  161,  443,  580,  58a 
Retene,  415 

diphenic  acid.  416 
dodecahydride.  416 
fluorene,  418 

alcohols,  418 
glycollic  acid,  416 
ketone,  416,  419 
quinone,  416 
R^uniol,  310 
Rhanmose,  431 
Rhamnosides.  431 
Rhamnus  frangula^  428,  432 
Rhelnic  acid,  428 
Rhodamine  dyes,  154 
Rhodamines,  366 
Rhodanides,  106 
Rhodinal,  310 
Rhodinic  acid,  310 
Rhodinol,  309 
Rhodizonic  acid,  171,  298 
Ring  alcohols,  294 
amines,  295 
formations,  19,  4 1 
hexene,  292 

etones,  296,  318 
shaped  chain,  30 
strain,  444 
Roccella,  162 
Rocellin,  400,  402 
Rosamine  chloride,  360 
Rosamines,  360 
Rosanilinc,  79,  355,  356 

coDstitutbn  of,  356 

dyes.  35« 

sulphonic  add,  357 
Rose  benzal,  366 
RosemarY  oiU  3IS1  3^4 
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Roshydradne,  359 
Rosindols,  467 
Rosindone,  602 
RosinduHnes,  602 
Rosolic  acids,  359,  360,  361 
Rubazonic  acid,  488 
Rubeanhydride,  130 
Robeanic  acid,  499 
Rttberythric  acid,  427,  431 
Rubia  HnctoriMm^  427,  431 
Rufigallic  acid,  230,  429 
Rttfiopin,  429 
Rufol,  423 
Role  of  Crum-BrowD,  69 


S. 

Saccharin,  134,  216 

Safranines,  76,  96,  580,  600,  602 

Safraninones,  603 

Safranols,  603 

Safran  surrogate,  151 

Safrinine,  443 

Safiol»  268,  270 

Safrosine,  366 

Sage,  322 

Salicin,  430 

Salicylaldehyde,  463 

amide,  225 

amine,  217 

anilide,  225 

chloride,  224 
Salicylic  add,  222,  280 

methyl  ester,  224 
aldehyde,  218 
Salicylide,  225 

chloroform,  225 
Salicyl-lactic  acid,  253 
Salicylo-nitrile,  225 

phosphorous  chloride,  224 
Salicylous,  218 
Saligenin,  217,  430 
Salipyrine,  443,  488 
Salix  helix  ^  430 
Salol,  224 
Santoic  acid,  432 
Santonic  add,  432 
Santonin,  400,  432 
Santous  acid,  433 
Saponaria  oficinalis^  431 
Saponin,  431 

Sassafras  officinalis^  oil  of,  270 
Scammonin,  431 
Schaeffer*s  acid,  402,  403 
Schaeffer's  naphthol  sulphonic  acid,  406 
Schizomycetes,  251 
ScbdDkop/acid,  ^2 


Scorzonera  hispanica^  430 
Secondary  naphthylamines,  396 

phenylamines,  77 
Sedanonic  acid,  303 
Selenazole,  508 

group,  441 
Selenophene,  447, 456 

phthalide,  235 
Selenoxene,  456 
Selephene,  441 
Semidine  rearrangement,  1 18 
Sesquiterpenes,  ^8 
Shellac,  334 
Shikimic,  299,  301 
Shikimino-ki^  270 
Shikimol,  270 
Silico-benzoic  acid,  133 

tetraphenylamide,  8 1 
Silver  benzamide,  199 

formanilide,  82 

isatin,  472 
Sinalbin,  226 

Sinapan-propionic  acid,  583 
Siphonio  elasHca^  334 
Six-membered    heterocyclic    compounds, 

521 

Skatole,  466,  467 

acetic  acid,  468 
carboxylic  add,  468 
Sobreritrite,  325 
Sobrerol,  325 
Sobrerone,  325 
Sodium  acetanilide,  82 
benzamide,  199 
dibenzamide,  199 
formanilide,  82 
Solid  green,  161,355 
Soluble  blue,  359 
Sophorine,  565 
Sparteine,  567 
Spiroylous,  218 
Stilbazole,  530,  533 
Stilbazonium  Inise,  374 
Stilbene,  178,  268,  370 

carboxylic  acid,  376 
diamine,  372 
bromide,  372 
carboxylic  acid,  252,  377 
chloride,  372 
glycol,  375 

dibenzoate,  375 
hydrate,  371 
sulphide,  178 
Storax,  266,  271,  274 
Strain  theory,  19 
Strychnine,  256,  575 
Stubb,  413 

fat,  420 
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Stycerine,  248 
Styphnic  acid,  161 
Styracine,  275 
Styrene,  49 

Styrolcnc,  254,  255,  266 
alcohol,  247 
dichloride,  247 
humologues  of,  268 
Stytolenes  containing  substituents  in  the 
side  group,  267 
substituted  in  the  benzene  nu- 
cleus, 267 
Styrone,  266,  271 
Styrylamine,  271 

pyridine.  533 
Sul>eran  carboxylic  acid,  28 
Subcrane,  28 
Suberone,  28 
Subcryl  alcohol,  28 
Sul)erylene,  28 

glycollic  acid,  29 
Substantive  dyes,  338 
Sul>stituted  anthracenes,  423 

anthraquinones,  425 

aromatic  mono  carboxylic  acids, 

209 
benzoyl  formic  acids,  258 
fluoresceins,  366 
naphthalenes,  395 
naphthoic  acids,  408 
naphthols,  401 
naphthoquinones,  404 
naphthylamines,  397 
Succinanil,  91 
Succinanilic  acid,  91 
Succinic  acid,  465 

anhydride,  437,  441 
phenylhydrazilic  ebter,  129 
Succinimide,  438,  441,  462 
Succino-rhodamine,  367 

succinic  acid,  244,  305 

diethyl  ester,  305 

methyl  ester,  305 
ester,  307 
Succinyldiphenylhydrazide,  1 29 

plienylhydrazine,  129 
Sulphamine  benzoic  acid,  216 
Sulplianilic  acid,  137 
Sulphanilide,  80 
Sulphazides,  1 19 

hydrylchlorstyrcne,  465 
Sulphinic  acids,  134,  138 
Sulpho-acid  iudols,  468 
acids,  133 

benzene  azophenol,  156 
disulphide,  139 
sulphide,  139 
benzide,  140 
benzoic  acid,  216 


Sttlphobenxoic  anil,  216 

camphoric  acid,  332 

camphylic  add,  332 

carbanilamide,  87 

carbanile,  89 

cinnamic  acid,  278 

hydraziacetic  ester,  445 

hydrazine-cinnamic  acid,  277 

isophthalic  acid,  242 
Sulphones,  134,  139 
Sulphonic  acids,  133,  398 

of  phenol,  156 

phosphazobenzeue  chloride.  Si 

phthalic  acids,  241 

quinolines,  547 

succinyl,  438,  441 

terephthalic  acid,  243 
Sulphovinic  acid,  506 
Sulphoxylphenylp-sulphoxylphenylhydra- 

zono-pyrazolon-carboxylic  acid,  490 
Sulphurized  aao-dyes,  137 
Sulphydrobenzothiazole,  1 5  7,  508 
benzoxazole,  153 
derivatives,  498 
SuUams,  399 
Sultones,  403 
Sylvic  acid,  334 
Sylvan,  448 
Sylvestrene,3I2 
Symmetrical  azo-bodies,  112 
constitution,  30 
structure,  33 
Synbenzaldoxime-N-methyl  ether,  186 

phenylglyoxylic  acid  oxime,  258 
Syringaic  acid,  231 
Syringia  vulgaris^  430 
Syringin,  430 


Tabular  oxylepidene,  381 
Tanacetene,  3x2,  319 
Tanacetophorone,  26 
Tanacetum  vulgare^  319 
Tanacetyl  alcohol,  316 
Tannic  acid  penta-acetate,  231 

acids,  231 
Tannin,  23 1  ^' 

of  coffee,  232 

of  oak,  232 
Tartrazine,  490 
Tartrazinic  acid,  490 
Taurine,  1 37 
Teraconic  acid,  324 
crylic  acid,  324 
Terebic  acid,  319,  324 
Terephthalaldehyde,  233 

dioicime,  233 
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Terephthalic  acid,  243 

phthalophenone,  351 
Terpiadi^nes,  309 
Terpan,  309 

group,  310 
Terpene  alcohols,  308 
ketones,  308 
Terpenenes,  312 
Terpenes,  290,  293,  307 
Terpenogen  group,  309 
Terpenylic  acid,  324 
Terpine,  314 

hydrate,  310,  314 
Terpiuene  nitrosite,  312 
Terpineol,  316 
Terpinolene,  3x2,  317 
Tertiary  alcohols,  31 

amyl  phenol,  145 
butyl  phenol,  145 
carvomenthol,  314 
menthol,  314 
naphthylamines,  396 
phenylamines,  77 
Tetra- alky  lie      para-phenylene  -  diamines, 
116 
amidobenzene,  97 

diphenyl-azo-phenylene,  95 
phenylene-bisazobenxene,  1 1 6 
benzyl  urea,  180 
brombenzoquinone,  167 
cyclohexandion,  297 
dichlorfluorescefn,  366 
fluoresceTn,  366 
phenolphthalein,  364 

diethyl  ethers, 

36s 

mono  •  ethers, 

365 
oxime,  365 
quinone,  163 
terephthalic  acid,  243 
Tetrabromtetrachlorfluoretcein,  366 
thiophene,  454 
xylene,  233 
carboxylic  acids,  265 
chlorbenzoquinone,  167 
hydrindone,  387,  393 
ketodihydrobenzene,  299 
phenol,  149 
n-phenylpyrro1 ,  459 
phthalic  acid,  241 
pyridine,  533 
pyrrol,  459 
quinone,  45,  163 
terephthalic  acid,  243 
tetraketohexamethylene,  170, 

297 
thiodiphenylunine,  584 
pbenc,  4S4 


Tetrachlortriketopentamethylene,  170 

xylene  oxide,  232,  463 
Tetracid  methan  alcohols,  316 
derivatives,  formation  of,  69 
ethyl  benzene,  57 

phenosafranine,  603 
hydric  phenols,  166 
hydroacids,  47 

benzene,  293 

dibromide,  293 
nitrosate,  293 
nitroso  chloride,  293 
benzoic  acid,  300 
carbazole,  468,  477 

carboxylic  acid,  478 
carveol,3l4 
carvone,  318 
carvylamine,  317 
dicarboxylic  acids,  303 
oxyterephtholic  acid,  244,  305 
pentene  tribromide,  312 
phenyl,  335 

furfurane,  45 1 
fenchene,  324 
glyoxalidines,  499 
isoquinoline,  557 
keto-quinazoline,  181 
methyl -phenyl -fiirfurane,  451 
naphthalene,  411 

derivatives,  411 
naphthoic  acids,  413 
naphthol,  412 
naphthoquinolines,  553 

quinone,  412 
naphthylamines,  393,  4x2 
naphthylene  diamine,  412 

dicarboxylic    add, 

413 
glycol,  392 
oxide,    4x1,    41a, 

444 
phenol,  412 
naphtinolin,  379,  558 
nicotinic  acid  methyl  betalne, 

565 
oxyterephthalic  acid,  304 
phenol,  295 

phenyl  dimethyl  pyrazole,  483 
phthalozine,  586 
phthalic  acids,  303 
picoline,  538 
prehnitic  acid,  307 
pyrazole,  480 

derivatives,  490 
pyro-mellitic  add,  306 
pyrrol,  461 
quinaldidft^  1^\  ^  V\^\  V^ 
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TetrahydroquiDone,  297 

qainoxaline,  596 
terqphthalic  acid,  303 
thiophene  -  dicarboxylic     acid, 

438.  456 
thioqninazoline,  l8l 
toluene,  293 
toluic  acid,  301 
iodofluofesceln,  366 
phthalic  acid,  241 
pyrrol,  459 
terephthalic  acid,  243 
tetrachlorfluoresceln,  366 
methoxybenzyl  isoquinoline,  576 

diphthalyl,  376 
methylamidophentluazimiom      chlo- 
ride, 584 
apionol,  166 
benzenes,  55 
benzoic  acids,  196 
diamido-azoxy- benzene,  X12 
benzhydrol,  344 
benzophenone,  78,348 
diphenyl  methane  ox- 
ide, 524 
diphenyl      phthalide, 

363 
imidobenzo  p  h  e  n  o  n  e 

hydrochloride,   348 
thiobenzophenone, 

348 
triphenyl       carbinol , 

354 
triphenyl  methane,352 
triphenyl  methane  car- 
boxy  lie  acid,  362 
xanthene,  524,  525 
xanthone,  525 
dipyrrol,  467,  468 
methylene  carboxylic  acid,  24 
diglyoxylic  acid,  24 
piperidine,  453 
sulphide,  442 
group,  24 
imide,  480 

pyrrolidine,  438 
imine,  461 
oxide,  437,  444 
indol,  467,  468 

methyl-l>enzox3rpiperidine   car- 
boxylic ester,  540 
paraleucaniline,  358 
phenols,  145 

phenylglyoxylic  acid,  259 
piperazine,  594 
pyrazine,  593 
pyrazole,  482,  483 
pyridine,  S3^ 
violet,  358 


Tetramidoanisol,  154 

diphenyl,  338 
Tetramioes,  97 

nitroanthraauinone,  433 
benzopoenone,  347 
diphenyl  acetic  acid,  369 

methane,  393 
naphthalenes,  396 
phenol,  151 
oxyanthraquinone,  429 
benzaldehydes,  220 
benzene,  166 

tetraacetyl  ester,  166 
biphenyls,  339 
cinnamic  acid,  283 
diphenyl  acetic  add,  369 
naphthalene,  404 
quinone,  170 
phenylaldine,  593 

crotolactone,  381 
dihydropyridazine,  483,  585 
phenylene-ethylene  dioxide,  524 
furfurane,  415 
ethane,  378 

ethane  dicarboxylic  acid,  378 
ethylene,  378 
furfurane,  449 
guanidine,  89 
hydrazine,  117 
methylene  glycol,  378 
pyrazine,  593 
pyridines,  533 
pyrrol,  459 
silicon,  133 
succinic  acid,  378 
tetrazone,  131 
thiophene,  454 
thiurea,  87 
urea,  85 
salicylide,  225 
tolyloxamide,  91 
Tetrazine  group,  442 
Tetrazines,  606 
Tetrazinic  acid,  490 
Tetrazole  group,  44 1 
Tetrazoles,  437,  4JS0,  519 
Tetrazolium,  520 
Tetrazones,  64, 121,  131 
Tetrazylazolmide,  520 
hydrazine,  520 
Tetroxy  terephthalic  ester,  306 
Thebalne,  576 
Thebenine,  576 
Thebenol,  576 
Thetine,  440 
Thiacetamide,  504 
Thialdines,  608 
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liiazines,  582 
liiaxolc,  437 

carboxylic  acids,  506 
group.  441,443 
liiazoles,  479,  480, 502,  504,  511 
liiazoline-mercaptan,  506 
rhi^none,  455 
lii^nyl  acrylic  acid,  455 

diphenyl  methane,  454 
glyoxylic  acid,  455 
indol,  468 

methyl  ketone,  455,  468 
phenyl  ketone,  455 
sulphydrate,  455 
triphenyl  methane,  454 
rhioacetanilide,  83 
aldol  aniline,  79 
anilides,  83 
anilines,  158 
anisol,  158 
benzaldehyde,  184 
benzamide,  204 
benzanilide,  204 
benzimidazoline,  502 
benzoic  acid,  199 
benzophenone,  346 
benzoxazole,  504 
biazole  group,  441 
biazoles,  517 

biazolines,  88,  479,  480,  5x7 
carbanilic  ethyl  ester,  86 
carbonyl-thiocarbanilide,  446 

ureas,  446 
cblorstyrolene,  269 
coumarin,  281 
coumazones,  581 
ooamothiazone,  583 
cresol,  157 
cnmazone,  181 
comothiazone,  l8l 
qrmene,  145.  157 
diadnes,  608 
azoles,  479,  480 
glycol-anilic  acid,  84 
glycollic  anhydride,  442 
phenylamine,  80,  158,  160,  583 
imides,  158 
flavin,  508 
fonnanilide,  83 

ketotetrahydroquinazoline,  592 
methyl  phenyl -carbaminate,  87 
mooazoles,  504 
lu^thene,  465 
naphthol,  404 
liioab^izoic  acid,  199 

c^l,  370,  454 
1iioii^S84 


Thionylamines,  80 

anilines,  73,  80 
benzene,  1 39 
benzidine,  337 
bromaniline,  80 
chloraniline,  80 
nitraniline,  80 
phenylhydrazone,  1 25 
toluidine,  80 
oxybiazolines,  516 
phenaldehyde,  455,  465 
ITiiophene,  48,  257,  437,  438,  441,  443. 
447.  45a.  456.  462,  472, 
479 
alcohol,  455 
carboxylic  acids,  455 
dicarboxylic  acid,  455 
of  crystallization,  35 1 
sulphonic  acids,  455 
tetracarbozylic  meSiyl  ester, 
456 
phenin,  655 
phenol,  156 

ethyl    ether-sulphonic    acid, 

105 
sulphonic  acid,  105 
phenyl  acetal,  157 
acetone,  157 
amine,  157 
phthalic  anhydride,  240,  463 
phthalide,  235,  463 
resorcinol,  161 
salol,  224 

tetrahydroglyoxalines,  499 
quinazolines,  59I 
tolene,  454 
toluidine,  158 
triazoles,  480,  5x8 
urazole,  514 
Thioxanthenes,  526 
Thioxanthone,  526 
Thioxenes,  454 
Thioxycyanidine,  605 
Three-membered  heterocyclic  substances, 

440,444 
Thujamenthol,  314 
menthone,  319 
oil,  319 
Thnjen,  312 
Thnjonamine,  317 
Thnjone,  319 
Thujyl  alcohol,  316 
Thymodialdehyde,  233 
Thymoll,  169 
Thymol,  144.  3«8 
Thymooxycnmic  acid,  226 
quinone,  144,  169 
Thymotic  acid,  226 
Thymolin  alcoVtfA,  a\% 
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Thymotin  aldehyde,  219 
T%ymus  vulgaris^  144 
Tin  diphenyl  chloride,  133 

tetnphenyl,  133 
Tolallyl  sulphide,  375 
Tolane,  368,  371 

dichloride,  375 
sulphide,  375,  444 
tetrachloride,  375 
Tolazone,  587 

Tcilidine  disul phonic  acid,  339 
Tolidines,  1 1 8,  338 
Tolimidazole-carix)xylic  acid,  501 
Tulu  balsam,  274 

benzylamine,  1 79 
Toluene,  49,  52,  53 

azo- naphthalene,  398 
disulphonic  acid,  136 
sulphamide,  1 35 
sulphinic  acid,  139 
sulphonic  acids,  135 
hydroquinone,  70,  163 
Toluic  acid,  191,  194,  394 
aldehyde,  184 
anhydride,  198 
formaldehyde,  249 
idiiies,  r)2,  75 
Tolunitriles,  202 
phenazino,  598 
piaselenol,  518 
({uiiialdine,  546 
quinone,  152,  168 

dioxime,  70,  172 
(luinoxaline,  596 
safranine,  603 
tolyl  dihydrotriazinc,  606 
Toliiylazimido  ethoxy  benzene,  511 

chloride,  1 98 
Toluylene,  370 

acctamidine,  501 
blue,  174 
diamines,  95 
glycol,  371 
hydrate,  371 
red,  95,  443,  580 

group.  599 
urea,  502 
Tolyl-acetic  acid,  196 
acetonitrile,  203 
acrylic  acid,  278 
a/imidotoluene,  51 1 
carbinol,  177 
glyoxylic  acid,  259 
hydrazines,  120 
hydrazine  sulphonic  acid,  I35 
hydroxylamines,  70 
isocyanides,  83 
methyl  ketone,  S^ 
phenyl  ketone,  34S 


Tolyl-phthalide,  349 

phosphor  chkiiide,  132 
pynuEole,  483 
sulphamic  add,  80 
tetniole,  520 

trianilidophoqphoohmi   chloride, 
13a 
Tolypyrinc,  443,  488 
Tonka  bean,  281 
Trans-benzene  hezachloride,  293 
Triacetyl  benzene,  233 

gallic  add,  230 
acid  menthan  alcohols,  315 
amido-azobenzene,  95,  116 
benzoic  add,  214 
cyanidine,  605 
diphenyl,  338 

tolyl  carbiiiol,  355 
inethAne,353 
phenol,  154 
phlorogludn,  165 
toluene,  97 

triphenyl-acetic  nitrile,  369 
amine,  80 
carbinols,  355 
methanes,  352 
amines,  97 
azine  group,  442 
azines,  604 

azole  carboxylic  acid,  513 
azoles,  479,  480,  504,511 
azolons,  513 

azsulpholes,  441,  480,  518 
benzal -diamine,  184 
ben/amide,  199 
benzoyl  hydroxylamine,  207 

methane,  379 
benzylamine,  178 

hydroxylamine,  1 80 
urea,  180 
bromaceto-benzoic  acid,  265 
aniline,  92 
fluorane,  365 
glyoxaline,  498 
hemimellithene,  63 
mesitylene,  63 

phenylazocorboxylic  acid,  I04 
pseudocumene,  63,  292 

cumenol,  149 
pyrogallol,  164 
quinone,  163 
resorcinol,  l6l 
terpan,  312  \ 

thiophene,  454 
carbazole  carbinol,  359,  477 
carboxylic  acids,  245,  265 
chloraceto -benzoic  acid,  265 
\  \ftx^%s:\i\c!K-V»itYric  ac(id,46 


1 


benjtene  bexichloiide,  393 

cyamdmci  605 

dmitrobenzenct  6S 

etbidine  acelopheuone,  2S8 
I  isoquinoline,  555 

(         methylphenyl  orthophosphoric  acid 
*  chloride,  224 

naphthaleDes,  395 

orcin,  162 

oxymethyl  coumarilic  acid,  464 

pentene      dioxycarboxylic     acid, 

143 
phenol,  149 
phenomalic  acid,  45 
phosphanil,  81 
pyridine,  533 
p3rrogallol,  164 
quinoline,  91,  547 
quinone,  163 

tetraketo-hexamethylene,  1 70,  297 
triketopentamethylene,  170 
▼inyl  benzoic  acid,  393 
derivatives,  fonnation  of,  69 
ethyl  cyanidine,  604 

gallic  ether  adds,  230 
oxyhydroquinone    ether-acid, 

231 
phenyl  silicide,  133 
P3rrogalloI  carboxylic  acid,  230 
furyldihydroglyoxaline,  499 
gonelline,  565 
hydrazine  derivatives,  359 
hydric  aromatic  alcohols,  232 

phenols,  164 
iodstyrolene,  267 

ketocyclopentan-dicarboxylic  ester,  28 
hexamethylene,  165 

dicarboxylic  ester, 
306 
hydrindene,  388 
piperidine,  535 
pyrolidone,  462 
ketones,  233,  250 
ketotetrahydroquinoline,  549 
mellitic  acid,  245 
mesic  acid,  55,  136,  245 

trimethyl  ester,  245 
methyl  amidophenol,  154 

ammonium  phenol,  153 
benzoic  acid,  195 
cyclohexane,  298 
dihydroquinoline,  47 1 
methylene,  22 

benzamidine,  204, 205 
carbanilide,  85 
carboxylic  acids,  22 
diamine  derivatives,  482 
dicarboxylic  acid»  23 
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TrinKthjleoe  imide,  438,  440,  446 
oxide,  437,  440,  446 
piperylium  bromide,  540 
[sulphide,  438 
tricarboxylic  acid,  23 
ethyl  benzene,  56 
gallic  ether  acids,  230 
glyoxaline,  498 
hexamethylene,  292 
indoI,468 
indolinon,  471 
isoxazole,  494 
ketohexamethylene,  296 

hexene,  298,  307 
oxyindolin,  471 

oxytetrahydronaphthylene    am- 
monium hydroxide,  412 
piperazine,  594 
pyrazine,  593 
pyrazole,  482 
pyrazoline,  486 
pyridine,  532 

dicarboxylic  acid,  537 
quinolines,  546 
salicylic  aldehyde,  219 
thiazole,  505 
tricarballylic  acid,  333 
phenyl-pararosaniline,  359 
nitraniline,  93 
nitrobenzenes,  67 
butyl  toluene,  68 
chlorbenzene,  67,  1 50 
cresol,  151 
diethyl  hydroquinone,  164 

phenyl  tolyl  methane,  351 
naphtlialenes,  396 
naphthol,  401 
oxytoluic  acid,  226 
phenol,  150 

phenyl  acetoacetic  ester,  260 
malonic  ester,  262 
methane,  35 1 
phloroglucin,  1 65 
pseudocumene,  6S 
resorcinol,  161 

diethyl  ester,  161 
nitroso- phloroglucin,  165 
trimethyl  benzene,  68 
phenyl  carbinol,  353 
nitroxylene,  68 
nitroxylidine,  93 
oxy  alcohol  acids,  256 

anthraquinone  caiboxylic  acid,  429 
anthraquinones,  428 
aurine,  361 
benzaldehydes,  220 
cinnamic  acid,  283 
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TriozyhexmhTdrocymene,  3x5,  3x6 
hexamethWene,  165,  ags 
methflantlinqiiinone,  428 
isoearbostjril,  557 
naphthalenes,  404 
phthalic  acid,  244 

PJ»Ww««.  535 
qoinoline,  549 
triphenyl  methane,  359,  360 
xanthone,  525 
phenazine  oxazine,  604 
benzene,  189 
dioxazine,  582 
phenyl  acetic  acid,  369 
acrylic  ester,  378 
amine,  71,  80 
arsine,  132 
benzene,  342 
benzyl-glvoxaline,  496 
biuret,  86 
bromethanon,  377 
methane,  353 
pyrazole,  483 
carbinol,  353 

amine,  353 
carboxylic  acid,  363 
carboxylic    acid    lac- 
tone, 362 
chloride,  353 
phenylamine,  353 
chlormethane,  353 
crotolactone,  381 
cyanidine,  604 
urate,  89 
urtriamide,  90 
dihydroglyox  aline,    184,     497, 

499 
pyrazine,  585 
ethane,  377 
ethanon,  377 
ethoxyethanon,  377 
furfurane,  449 
glyoxaline,  497,  498 
guanidine,  87,  88 
isocyanurate,  89 
melamine,  89,  90 
phenyl ium  iodide,  78 

melamine,  90,  351 
methane  carboxylic    acid  361, 
362 
group,  351 
potassium,  351 
methylamine,  353 
ethane,  378 
P3rrazolidine,  490 
phenylol  methane,  360 
osotriazole,  509 
oxyethanon,  377 
pararosaniline,  359 


\ 


Triphenyl  phosphine,  132 

phosphin-oxide,  132 
phosphorbetalne,  446  ^ 

propane,  378  , 

pyrazole,  483 

pyrazoline,  486  , 

pyridazine,  $3$ 
rosaniline,  80 

hydrochloride,  35< 
rtibine,  133 
tetrazolium  hydroxide,  206 

hydroglyoxaline,  499 
thiazole,  505 
thiurea,  87 
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Montgomery's  Gynecology 

New  Edition-nJust  Ready 


A  modem  oomprehensiTe  Text-Book.  By  Edward  E. 
Montgomery,  m.d..  Professor  of  Gynecology  in  Jeflenon 
Medical  College,  Philadelphia ;  Gynecologist  to  the  Jefferson 
and  St  Joseph's  Hospitals^  etc.  Second  Edition,  Revised 
and  Enlarged.  539  Illustrations,  many  of  which  are  from 
original  sources.    Octavo.       CloUi,  I5.00;  Leather,  ^6.<x> 

\*  This  is  a  systematic  modem  treatise  on  Diseases  of 
Women.  The  author's  aim  has  been  to  produce  a  book 
ttiat  will  be  thorough  and  practical  in  every  particular.  The 
illustrations,  nearly  all  of  which  are  from  original  sources, 
have  for  the  most  part  been  drawn  by  special  artists  who, 
for  a  number  of  months,  devoted  their  sole  attention  to  this 
woric     The  present  edition  has  been  thoroughly  revised. 

'*  The  book  U  one  that  can  be  recommended  to  the  student,  to 
tile  general  practitioner— who  must  sometimes  be  a  gynecologist  to 
a  ceruin  extent  whether  he  will  or  not— and  to  the  apecialist.  as  an 
ideal  and  in  every  vimy  complete  work  on  the  gynecology  of 
to-day—a  practical  work  for  practical  workers.*' — Tkt  four^ 
nal  of  tke  Ameruan  Medical  Auociation. 

Byfofd's  Gynecology 

Third  Revised  Edition 
A  MANVAL  FOR.  STUDENTS  AND  PHYSICIANS 


By  Henry  T.  Byford,  m.d.,  Professor  of  Gynecology  and 
Qinical  Gynecology  in  the  College  of  Physicians  and  Sur- 
geons of  Chicago;  Professor  of  Clinical  Gynecology, 
Women's  Medical  School  of  Northwestern  University,  and 
in  Post-Graduate  Medical  School,  etc.  Third  Edition,  En- 
larged. 363  Illustrations,  many  of  which  are  from  original 
drawings  and  several  of  which  are  Colored.     i2mo. 

Cloth,  fe.oo 

**  As  a  book  to  help  the  student  to  quickly  review  what  ought 
to  be  gotten  up,  so  as  to  be  prepared  for  the  early  examination,  it  is  of 
great  service.  Such  a  book  would  also  make  a  most  excellent  text- 
book for  the  college  class  room." ^Fir^'mia  Mtdical  SemuMontkly, 
Richmond. 
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By  JAMES  TYSON.  M.D., 

Professor  of  Medicine.  Unlversitsr  of  Pennsylvania* 
Physician  to  the  Pennsylvania  Hospital*  etc 


The  Practice  of  Medicine.        Third  Ilditioii. 

A  Text-Book  for  Physicians  and  Students,  with  Special  Ref- 
erence to  Diagnosis  and  Treatment.  With  Colored  Plates 
and  many  other  Illustrations.  Third  Edition,  Revised  and 
Enlarged.     IJ4  Illustrations.     8vo.     1240  pages. 

Cloth,  ^5.50;  Leather,  ^6.50 
\*  This  edition  has  been  entirely  reset  from  new  type. 
The  author  has  revised  it  carefully  and  thoroughly,   and 
added  much  new  material  and  new  illustrations. 

••  We  are  firmly  convinced  that  at  the  present  time  Dr.  Tyson'a 
book  on  Practice  can  be  most  heartily  commended  to  both  the  practU 
tioner  and  student  as  a  sate,  reliable,  and  thoroughly  up-to-date  guide 
in  the  practice  of  medicine." —  Tk*  Theraptutic  Gazttt*, 

"  The  clinical  descriptions  are  clear  and  full,  and  the  methods  of 
treatment  described  are  those  generally  recognized  as  being  the  most 
modem  and  satisfactory." — Tkt  London  Lmncet. 

Guide  to  the  Examination  of  Urine.    Tenth 
Edition. 

For  the  Use  of  Physicians  and  Students.  With  Colored 
Plate  and  Numerous  Illustrations  Engraved  on  Wood. 
Tenth  Eklition,  Revised,  Enlarged,  and  in  many  parts  entirely 
rewritten.  Cloth,  $1.50 

*^*  A  French  translation  of  this  book  has  been  pub- 
lished  in  Paris. 

**  The  book  is  probably  more  widely  and  generally  known  and  ap> 
predated  than  any  of  its  similars  in  subject  and  scope." — New  York 
MedicAl  Journal. 

**  The  book  is  a  reliable  one,  and  should  find  a  place  in  the  library 
of  every  practitioner  and  student  of  medicine." — Boston  Mtdical  and 
Surgical  Journal. 

He^ndbook  of  Physice^l  Die^gnosis.    Fourth 
Edition. 

Revised  and  Enlarged.  With  two  Colored  Plates  and  55 
other  Illustrations.     298  pages.     l2rao.  Cloth,  $1.50 

"  Like  everything  else  emanating  from  this  distinguished  author 
this  little  hook  is  replete  with  practical  information  from  beginning  to 
end." — Th4  Chicago  Medical  Recorder. 

'*  The  author  approaches  his  subject  from  a  pracdcal  point  of 
view  and  the  little  work  will  prove  a  good  friend  to  the  stuoent."— 
The  American  Journal  qf  the  Medical  Scieneee, 
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NEW  THIRD  EMTION-NOV  READY 

MORRIS'  Anatomy 

Rcwritlm''~RAvlwd — uupmvtd 

▼ITH  MANY  NEW  EXUSTRAT1C»IS 

Ont  of  Z02  of  the  lemdiog  medical  schools  60  recommend 
<'  Morris.**  It  contains  many  features  of  special  advantage 
to  students.  It  is  modem,  up-to^ate  in  every  respect.  It 
has  been  caiefolly  reTised,  the  articles  on  Osteology  and 
Nerroos  System  having  been  rewritten.  Each  copy  con- 
tains the  colored  illustrations  and  a  Thumb  Index. 

Octavo.    With  S46  Illustrations,  of  which  26?  are 
printed  in  colors. 

CLOTH.  $6.00;  LEATHER.  $7.00 


"  The  ever-growing  popularity  of  the  book  with  teachers  and  stu- 
dents is  an  index  of  its  value,  and  it  may  safely  be  recommended  to  ail 
interested."— From  Tk^  Medico/  Record ,  New  York. 

"  Of  all  the  text-books  of  moderate  sixe  on  human  anatomy  in  the 
English  language,  Morris  is  undoubtedly  the  most  up-to-date  and  accu- 
rate."— From  Ike  Pkiladelphim  MediceU  Journal. 


McMurrich — Embryology 

THE  DEVELOPMENT  OF  THE  HUMAN  BODY 

^ith  270  niustratfons 

A  Text- Book  for  Medical  Students.  By  J.  Playfair 
McMurrich,  Professor  of  Anatomy,  Medical  Department, 
University  of  Michigan.     527  pages.  Qoth,  I3.00 


NINTH  EDITION 


POTTER^S  MATERIA  MEDICA, 
PHARMACY,  AND  THERAPEUTICS 


An  Exhaustive  Handbook 


locluding  the  Action  of  Medicines,  Special  Therapeutics  of 
Disease,  OfBcial  and  Practical  Pharmacy,  and  Minute  Direc- 
tions for  Prescription  Writing,  etc.  Including  over  650 
Prescriptions  and  Formulae.  By  Samuel  O.  L.  Potter, 
M.A.,  M.D.,  M.R.c.p.  (Lond.),  formerly  Professor  of  the 
Principles  and  Practice  of  Medicine,  Gx>per  Medical  Col- 
lege, San  Francisco;  Major  and  Brigade  Surgeon,  U.  S. 
Vol.  Ninth  Edition,  Revised  and  Enlarged.  8vo. 
With  Thumb  Index  in  each  copy. 

Cloth,  I5.00 ;  Leather,  $6.00 
%*This  is  the  most  complete  and  trustworthy  book 
for  the  use  of  students  and  physicians.  Students  who  pur- 
chase it  will  find  it  to  contain  a  vast  deal  of  information  not 
in  the  usual  text-books  arranged  in  the  most  practical  man- 
ner for  facilitating  study  and  reference.  It  cannot  be  sur- 
passed as  a  physician's  working  book. 

WHITE  AND  WBLCOX.  Materia  Mcdica, 
PhannacYf  Pharmacologfy,  and  Thera- 
peutics*   Fifth  Edition* 

A  Handbook  for  Students.  By  W.  Hale  White,  m.d.. 
F.R.C.P.,  etc.,  Physician  to,  and  Lecturer  on  Materia 
Medica  and  Therapeutics  at,  Guy's  Hospital,  etc.  Fifth 
American  Edition,  Revised  by  Reynold  W.  Wilcox, 
M  A. ,  M.  D. ,  LL.D. ,  Professor  of  Clinical  Medicine  and  Thera- 
peutics at  the  New  York  Post-Graduate  Medical  School  and 
Hospital ;  Visiting  Physician,  St.  Mark's  Hospital ;  Assist- 
ant Visiting  Physician,  Bellevue  Hospital.     i2mo. 

Goth,  ^3.00  ;  Leather,  ^3.50 
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AlfATOMY.    EMBRYOLOGY. 

MORRia.  Tesrt-Book  of  Anatomy.  Third  Beviaed  and  Enlarged 
Edition.  846  Illustrations,  267  of  which  are  printed  in  colors. 
Thumb  Inde^  in  Bach  Copy.  Qoth.  $6.00;  Leather,  $7.00 

"The  ever-growing  popularity  of  the  book  with  teachers  and 
studenU  is  an  index  of  its  value."— ilfcdieal  JBseord,  ATsts  York. 

BROOMELL.  Anatomy  and  Histolocy  of  the  Human  Mouth 
and  Teeth.    2d  Edition,  Enlarged.    337  Illus.    Cloth.  $4.60 

DAVISOll.  Mammalian  Anatomy.  With  Special  Reference 
to  the  Cat.     108  Illustrations.  $1.60 

DBAVER.  Surgical  Anatomy.  A  Treatise  on  Anatomy  in  its 
Application  to  Medicine  and  Surgery.  With  409  very  hand- 
some full-page  Illustrations  Engraved  from  Original  Drawings 
made  by  special  Artists  from  dissections  prepared  for  the  pur- 
poee.     Three  vols.     By  Sxtbteription  only. 

Half  Morocco  or  Sheep.  $30.00;  Half  Russia,  $33.00 

OORDnilBR.    Anatomy  of  the  Central  ffervous  System.    With 
271  Illustrations,  many  of  which  are  originaL      Goth,  $6.00 
HEATH.    Practical  Anatomy.    9th  Edition.    821  Illus.       $4.26 
HOLDBll.    Anatomy.    A  Bianual  of  Dissections.    Revised  by  A. 
HaweoN,  M.n..  Demonstrator  of  Anatomy,  Jefferson  Medical 
College,  Philadelphia.    320  handsome  lUustrations.    7th  Ed. 
In  two  compact  12mo  volumes.    850  paces.    Large  New  Type. 
VoL  I.  Scalp— Face— Orbit— Neck— T^iroat—lTiorax— -Up- 
per Extremity.  $1.60 
Vol.  II.  Abdomen — Perineum — ^Lower  Extremity — Brain — 
Eye — £Iar — Mammary  Gland — Scrotum — ^Testes. 

$1.60 
HOLDBN.  Human  Osteology.  Comprising  a  Description  of  the 
Bones,  with  Colored  Delineations  of  the  Attachments  of  the 
Muscles.  The  General  and  Microscopical  Structure  of  Bone 
and  its  Development.  With  Lithographic  Plates  and  numer- 
ous Illustrations.  8th  Edition.  $6.26 
HOLDEN.    Landmarks*  Medical  and  SurgioaL    4th  Ed.  .76 

HUGHES  AND  KEITH.  Dissections.  With  627  Colored  PUtes 
and  other  Illustrations.     In  three  parts. 

L  Upper  and  Lower  Extremity.  $3.00 

II,  Abdomen— Thorax.  $3.00 

III,  Head— Neck— Central  Nervous  System.  $3.00 

LAZARUS-BARLOW.    Pathological  Anatomy.    21  PUtes  and 

171  other  Illustrations.  $6.60 

McMURRICH.     Embryology.    The  Development  of  the  Human 

Body.     276  Illustrations.  $3.00 
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KARSHALL.        Phyriological    DiMnuns.        EI«tmi    Lif«^iM 

Colorsd  Diacnuna  (eaoh  mtvb  feet  by  three  feet  eeren  inehee). 

Deeigaed  for  DemonetratioB  before  the  CUae. 

In  Sheete,  Unmounted.  t40.00:  Beeked  with  Muelin  and 

Mounted  on  Rollera,  $00.00;  Ditto.  Spring  Rollers,  in  hnnd- 

aome  Walnut  Wall  Map  Oaae.  $100.00;  Single  PUtee— Sheets. 

$6.00;  Mounted.  $7.60.     Explanatory  Key,  .60.    Pyrehtuer 

muai  pay  frwighi  ehartfea. 
MIHOT.    Laboratory  Tesrt-Book  of  Embryology.     218  lUustra- 

tiona.  $4.60 

POTTXR.     Compend  of  Anatomy*  Inoluding  Vieoeral  Anntomy. 

7th  Edition.  Reriaed  and  Enlarged.     Numerous  Tables.  16 

Platee  and  188  other  Dluatrationa.  $1.00 ;  Interleaved.  $1.25 
TOMES.     Dental  Anatomy.     6th  Edition.  In  Pr—. 

WIL80H.    Anatomy,    lltb  Edition.   420  Illua..  26  Plate*.   $6.00 
YUTZT.    Guide  to  the  Dissection  of  the  Human  Bodv.     Based 

on  Morris'  Anatomy.  Paper  Cover,  .26 

BACTERIOLOGY. 

com.    Agricultural   Bacteriology.      Including   the   Study   of 

Baotaria  as  relating   to  Agriculture,   Soil,  Dairy  and    Food 

Products.  Sewage,  Domestic  Animals,  etc.  Illustrated.  $2.60 
COHE.    Bacteria    in    Milk    and    Its    Products.     Dengned    for 

Students  of  Dairying,  Boards  of  Health,  Baeteriolo^sts,  etc. 

Illustrated.  $1.26 

EMERY.     Bacteriological  Diagnosis.    2  Colored  Plates  and  32 

other  Illustrations.  $1.60 

HEWLETT.     Manual  of  Bacteriology.    76  Illustrations.    Second 

Edition.  Revised  and  Enlarged.  $4.00 

HEWLETT.     Scrum-Therapv.      Bacteriological    Therapeutics 

and  Vaccines.     Illustrateci.  $1.75 

SMITH.     Laboratory  Exercises  in  Bacteriology.     A  Handbook 

for  Students.     Illustrated.  $1.60 

WILLIAMS.     Bacteriology.    A  Manual  for  StudeaU.    99  lUus- 

trations.     3d  Edition,  Revised.  $1.50 

BLOOD,  Examination  of. 

DA  COSTA.  Clinical  Hematology.  A  Practical  Guide  to  the 
Examination  of  the  Blood,  with  Reference  to  Diunosis.  Six 
Colored  Platee  and  48  other  Illus.      Cloth,  $5.00 ;  Sheep,  $6.00 

BRAIN  AND  INSANITY  (see  also 
Nervous  Diseases.) 

BARR.     Mental  Defectives.     Illustrated.  In  Pre—. 

BLACKBURJf .     A  Manual  of  Autopsies.     Designed  for  the  Use 

of  Hospitals  for  the  Insane.     Illustrated.  $1.26 

CHASE.     General  Paresis.     Illustrated.  $1.76 

DERCUM.     Mental  Therapeutics,  Rest,  Suggestion.    8—  Cohtn, 

PhuauUogic  TktraptuticB,  pao9  17. 
OORDIlflER.     The  Gross  and  Minute  Anstomy  of  the  Central 

Nervous  System.     With  full-page  and  other  Illus.        $6.00 


MEDICAL  BOOKS. 


IRBLAHD.    TlM  Mental  AJfectioni  of  Children.    2d  Ed.     $4.00 

LEWIS   (BEVAll).     Mental    Dieeaset.      A   Text-Book   hayina 

Special  Reference  to  tbe  Patbo^orical  Aepeete  of  Ineanity.    26 

Lithographic  Plate*  and  other  lllu^tratlone.     2d  Ed.     $7.00 

MANN.     Manual  of  Piycholofical  Medicine.  $3.00 

PSRSHINO.     Diagnotii  of  Nenrout  and  Mental  Diaeaie.    Illue- 

tratad.  $1.2« 

RBOIS.     Mental  Medicine.     By  H.  M.  BANNiaraa.  m.d.   $2.00 

STEARNS.     Mental  Diseases.     With  a  Diaeet  of  La^s  Relating 

to  Care  of  Inaaoe.    Illustrated.         Cloth.  $2.76;  Sheep.  $3.26 

TUKE.     Dictionary    of    Psychological    Medicine.    Giving    the 

Definition   of    Terms  and   the   Symptoms.   Pathology,   and 

Treatment  of  Mental  Dinorders.     rwo  volumea.  $10.00 

WOOD,  H.  C.     Brain  and  Oyerwork.  .40 


CHEMISTRY  AND  TECHNOLOGY. 

Special  Cataioou0  of  Chmmieal  Book*  §ont  frm  upon  appHeaiion, 

ALLEN.  Commercial  Organic  Analyiia.  A  Treatise  on  the 
Modes  of  Assaying  the  Varioos  Organie  Chemicals  and  Prod- 
ucts Employed  in  the  Arts.  Manufactures,  Medicine,  ete.. 
with  Concise  Methods  for  the  Detection  of  Impuritiea.  Adul- 
terations, etc.     8yo. 

Vol.  I.    Alcohols.  Neutral  Alcoholic  DeriTatiyea,  etc..  Ethers 
VeceUble  Acids,  Starch.  Sugars,  etc.     3d  Edition.     $4.fi0 
Vol.  11.  Part  I.     Fixed  Oils  and  Fats,  Glyoerol.  Ezploeives, 
etc.     8d  Edition.  $3.fi0 

Vol.  II.  Part  II  Hydrocarbons,  Mineral  Oils.  Lubricanta. 
Bensenes,  Naphthalenes  and  Derivativee.  Creoeote.  Phenols, 
etc.     3d  Edition.  $3.fi0 

Vol.  II.  Part  III.  Terpenea.  Enential  Oils,  Reains,  Camphors. 
etc.     3d  Edition.  In  Press. 

Vol.  Ill,  Part  I.  TanninsL  Dyea.  and  Coloring  Matters.  8d 
Edition.  Enlarged  and  Rewritten.  Illustrated.  $4.60 
Vol.  III.  Part  II.  The  Aminea.  Hydrasinca  and  DeriTatives, 
Pyridine  Basee.  The  Antipyretics,  ete.  Vegetable  Alka- 
loids, Tea.  Coffee.  Cocoa,  etc.  8vo  2d  Edition.  $4.50 
Vol.  in.  Part  III.  Vegetable  Alkaloids^  Non-Basic  Vegetable 
Bitter  Principles.  Animal  Bases.  Animal  Acids,  Cyanogen 
Compounds,  etc.     2d  Edition.  Svo.  $4.50 

VoL  IV.  The  Proteids  and  Albuminous  Prindplea.  2d 
Edition.  $4.50 

BAILET  AND  CADT.    QuaUtativs  Chemical  Analyiis.      $1.26 

BARTLET.  Medical  and  Pharmaceutical  Chemistrr.  A  Text- 
Book  for  Medical.  Dental,  and  Pharmaceutical  Students.  With 
niustrationa.  Glossary,  and  Complete  Index.    6th  Ed.    $3.00 

BARTLET.  Clinical  Chemistry.  The  Examination  of  Feces, 
Saliva.  Gastric  Juice.  Milk,  and  Urine.   New  Edition,  /n  Press. 

BLOZAM.  Chemistry,  Inorganic  and  Organic.  With  Experi- 
ments.   0th  Ed..  Revised.    284  Engravings.  $6.00 

BUNOB.  Phyaioloric  and  Pathologic  Chemistry.  From  the 
Fourth  German  Enlarged  Edition.  $3.00 

CALDWELL.  Elements  of  Qualitativs  and  QnantHathrs  Chem- 
ical Analysis.    8d  Edition.  Revised.  $1.00 
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BROOMBLL.  Aamtomy  and  HistoloK7  of  the  Hanuui  Mouth 
•ad  TMth.  Seoond  Edition,  Reviaed  and  Enburaed.  337 
handaome  lUuatrations.  Cloth.  $4.60;  Laathar,  t5.fiO 

FILLBBROWR.     OperatiTa  Dantistry.    lUuMiatMi.  S2.26 

OOROilS.  Dantal  Madicina.  A  Manual  of  Materia  Mediea  and 
Tberapeutiee.     7th  Edition.  Qoth,  $4.00;  8haap.t5.00 

OOROAS.  Quastioni  and  Aniwen  for  the  Dental  Stndant. 
Embracinc  all  the  eubieota  in  the  Curriculum  of  the  Dental 
Student.     OoUvo.  $6.00 

HARRIS.  Principlea  and  Practice  of  Dentistry.  Ineludinc 
Anatomy,  Phynoioicy,  Patholocv.  Tharapeutica,  Dental  Sur- 
cery,  and  Meohaniam.  13th  Edition.  Reviaad  by  F.  J.  S. 
OoaoAa.  M.O..  n.D.a.     1260  Illua.    Qoth.  $6.00 ;  Leather.  $7.00 

HARRIS.  Dictionary  of  Dentistry.  Ineludinc  Definition*  of  Sueh 
Words  and  Phrases  of  the  Collateral  Scienees  as  Pertain  to  the 
Art  and  Practice  of  Dentistry.  6th  Edition.  Revised  and 
Enlaiied  by  FaaoiNAim  J.  S.  QoaoAa,  M.n..  ».o.a. 

Cloth.  $5.00:  Leather,  $6.00 
RICHARDSOll.     Mechanical  Dentistry.     7tb   Edition.     Thor- 
oughly Revised  and  Enlarged  by  Dr.  Gbo.  W.  Warrbii.  691 
mustrations.  Qoth,  $5.00:  Leather.  $6.00 

SMITH.    Dental  Metallurgy.    2d  Edition.    Illustrated.        $2.00 
TAFT.     Index  of  Dental  Periodical  Literature.  $2.00 

TOMBS.  Dental  Anatomy.  263  Illustrations.     6th  Ed.  InPmt. 
TOMES.     Dental  Surgery.    4th  Edition.     280  lUus.  $4.00 

WARREN.  Compend  of  Dental  Pathology  and  Dental  Medicine. 
With  a  Ctiapter  on  Emergencies.    4th  Edition,     illustrated. 

$100:  Interleaved.  $1.25 

WARRBII.     Dental  Prosthesis  and  MetsUurgy.    120  (Ihis.     New 

Edition,  Enlarged  and  Revised.  Nearly  Ready. 

WHITE.     The  Mouth  and  Teeth.     Illustrated  .40 

DICTIONARIES.     CYCLOPEDIAS. 

OOULD.  The  Illustrated  Dictionary  of  Medicine,  Biology*  and 
Allied  Sciences.  Being  an  Exhaustive  Lexicon  of  Medicine  and 
those  Sciences  Collateral  to  it:  Biology  (Zoology  and  Botany). 
Chemistry.  Dentistry.  Pharmacology,  Microacopy,  etc.,  with 
many  uaerul  lablea  and  numerous  fine  Illustrations.  1633 
iges.  Fifth  Edition. 
Sheep  or  Half  Morooeo.  $1000:  with  Thumb  Index.  $11.00 
Half  Russia.  Thumb  Index.  $12.00 
OOULD.  The  Medical  Student's  Dictionary,  nth  Edition.  D- 
lustrated.  Including  those  Words  and  Phrases  generally  used 
in  Medicine,  with  their  Proper  Pronunciation  and  Definition. 
Based  on  Recent  Medical  Literature.  With  Table  of  Epo- 
nymio  Terms  and  Tests  and  Tables  of  the  Bacilli.  Micrococci. 
Mineral  Springs,  etc..  of  the  Arteries.  Muscles,  Nerves,  Ganglia. 
Plexuses,  etc.  Eleventh  Edition.  Enlarged  and  illustrated 
with  a  large  number  of  Engravings.    840_pages. 

Half  Morocco.  $2.50:  with  Thumb  Index.  $3.00 
Flexible  Leather.  Burnished  Edges,  Thumb  Index.  $3.50 


MEDICAL  BOOKS.  IS 

GOULD.  The  Pocket  Pronotincinff  Medical  Lexkon.  4th  Edi- 
tion. (30.000  Medical  Word*  Pronounoed  and  Defined.)  Con- 
tainina  all  the  Worda,  their  Definition  and  Pronunciation, 
that  toe  Medical,  Dental,  or  Pharmaceutical  Student  Q«ner- 
ally  Comee  in  Contact  with:  alao  Elaborate  Tablee  of  Epo- 
nymic  Terms,  Arteries,  Muscles,  Nerves,  Bacilli,  etc.,  etc,  a 
I>oae  Lilt  in  both  Enfflish  and  Metric  Systems,  etc.,  Arranced 
in  a  Most  Convenient  Form  for  Reference  and  Memorisins. 
Fourth  Edition,  Revised  and  Enlarged.  838  pafes. 
Full  Limp  Leather,  Qilt  Edyes.  $1.00;  Thumb  Index.  $1.26 
165,000  Copies  of  Oould'f  Dictionaries  have  been  sold. 

OOULD  AlfD  PYLB.  CvclopedU  of  Practical  Medicine  and 
Snrcerr.  Seventy-two  Special  Contributors.  Illustrated.  One 
Volume.  A  Concise  Reference  Handbook  of  Medicine,  Sur- 
gery, Obstetrics,  Materia  Medica.  Therapeutics,  and  the  Vari- 
ous Specialties,  with  Particular  Reference  to  Diagnods  and 
Treatment.  Compiled  under  the  Editorial  Supervision  ol 
Gborob  M.  Qouu>.  M.O.,  Author  of  "An  Illustrated  Dictionary 
of  Medicine."  etc.;  and  VfAi/rmm  L.  Ptls.  m.o..  Assistant 
Surgeon  WiUs  Eye  Hospital:  formerly  Editor  "International 
Medical  Magaxine."  etc.,  ana  Seventy-two  Special  Contribu- 
tors. With  many  lUustratioos.  Larj^  Square  Svo,  to  eorra- 
spond  with  Gould's  ' '  IUu8trat«d  Dictionary." 
Full  Sheep  or  Half  Mor.,  $10.00;  with  Thumb  Index,  $11.00 
Half  Russia,  Thumb  Index,  $12.00  net. 

OOULD  AlfD  PYLE.  Pocket  Cyclopedia  of  Medicine  and  Sur- 
gery. Based  upon  above  book  and  uniform  in  sise  with 
^'Gould's  Pocket  Dictionary." 

Full  Limp  Leather.  GUt  Edges,  $1.00 
With  Thumb  Index,  $1.25 

HARRIS.  Dictionary  of  Dentistry.  Indudinf;  Definitions  of 
Such  Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain 
to  the  Art  and  Practice  of  Dentistry.  6th  Edition,  Revised 
and  EInlarged  by  FaaniNAifD  J.  S.  Goroab.  m.o..  o.n.s. 

aoth,  $5.00;  Leather,  $6.00 

LONGLET.     Pocket  Medical  Dictionary.  Cloth,  .76 

TREVES  AlfD  LANO.    German-English  Medical  Dictionary. 

Half  Gklf ,  $3.26 

DIET  AND  FOOD. 

ALLEN.  Proteids  and  Albuminous  Principles.  An  analytical 
Study  of  Food  ProducU.     2d  Edition.  $4.60 

BXTRlfETT.  Foods  and  Dietaries.  A  Manual  of  Clinical  Diet- 
etics, with  Diet  Lists  for  Various  Diseases,  etc.     3d  Ed.     $|.60 

DAVIS.  Dietotherapy.  Food  in  Health  and  Disease.  With 
Tables  of  Dietaries.  Relative  Value  of  Foods,  etc.  Sm  Cohm^ 
Phytiolooie  ThmrapnUiea,  pao9  17. 

GRSERISH.  Microscopical  Examination  of  Foods  and  Droga. 
lUustrated.  $3JM> 

HAIO.  Dist  and  Food.  Considered  in  Relation  to  Strength  and 
Power  of  Endurance.     4th  Edition.  $1.00 

LEFFMAIIN.  Select  Methods  In  Food  Analyiia.  2d  Edition. 
Ibustrated.  /n  Fre—. 
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EAR  (see  also  Throat  and  Nose). 

BURIVBTT.  HMfing  and  How  to  Keep  It.  lUiutratod.  .40 
HOVSLL.  Diteuet  of  the  Bar  and  Baio-Pharynz.  Induding 
Anatomy  and  PhytiolQ|or  of  the  Organ,  together  with  tha 
Treatment  of  the  Affections  of  the  Noae  and  Phanrnz  which 
Conduce  to  Aural  DiMaae.  128  Illuatrations.  2d  Ed.  %5.S0 
PRTTCHARD.  Diieaaei  of  the  Bar.  4th  Edition,  Enlaiied. 
Many  Illuctrations  and  Formula.  In  Pm; 

ELECTRICITY. 

BIGBLOW.    Plain  Talks  on  Medical  Blectricity  and  Batteries. 

With  a  Therapeutic  Index  and  a  Glossary.     43  lliustrations. 

2d  Edition.  $1.00 

HBDLBY.    Therapeutie  Blectricity  and  Practical  Musds  Testinc. 

09  lUustrations.  $2.50 

JACOBY.    Electrotherapy.   2  volumes.   Illustrated.   S^tCokm^, 

PhyioloQic  Th9rap*utie»t  pao§  17. 
JONES.    Medical  Blectricity.    3d  Edition.     117  HIus.        $3.00 

EYE. 

A  Sptdal  Cireular  of  Book§  on  th»  By  tont  frto  wpon  applieaiion, 

DARIBR.     Ocular  Therapeutics.     Jiut  Roady.  $3.00 

OOUDBRS.  The  Nature  and  Consequences  of  Anomalies  of 
Refraction.     With  Portrait  and  Illus.         Half  Moroooo,  $1.25 

PICK.  Diseases  of  the  Eye  and  Ophthalmoscopy.  Translated 
by  A.  B.  Halb,  m.».     157  lUus.     Qoth,  $4.50;  Sheep,  $5.50 

GOULD  AND  PYLE.  Compeod  of  Diseases  of  the  Eye  and  Re- 
fraction. Including  Treatment  and  Operations,  and  a  Section 
on  Local  Therapeutics.  With  Formulx,  Useful  Tables,  a 
Glossary,  and  111  lUus.,  several  of  which  are  in  colors.  2d 
Edition,  Revised.  Cloth.  $1.00;  Interleaved,  $1.25 

GOWERS.     Ophthalmoscopy.     4th  Edition,     lllus.      In  PreM*. 

GREEFP.  The  Microscopic  Examination  of  the  Eye.  lUua- 
trated.  $1.25 

HARLAN.     Byesicht,  and  How  to  Care  f or  It.     Illus.  .40 

HARTRIDGE.  On  the  Ophthalmoscope.  4th  Edition.  With 
4  Colored  Plates  and  68  Wood-cuts.  $1.60 

HARTRIDGE.  Refraction.  104  Illustrations  and  Test  Types. 
12th  Edition,  Enlarged.  $1.50 

HANSELL  AND  SWEET.  Treatise  on  Diseases  of  the  Eye. 
With  253  UluBtrations.  $4.00 

HANSELL  AND  REBER.  Muscular  Anomalies  of  the  Bye. 
Illustrated.  $1.50 

HENDERSON.     Notes  on  the  Eye.     138  Illus.     3d  Ed.       $1.50 

JENNINGS.  Msnual  of  Ophthalmoscopy.  05  Illustrations  and 
1  Colored  Plate.  $1.50 

MORTON.  Refraction  of  the  Eye.  Its  Diagnosis  and  the  Cor- 
rection of  its  Errors.     7  th  Edition.  In  Press 

OHLEMANN.  Ocular  Therapeutics.  Authorised  Translation, 
and  Edited  by  Da.  CnAaLBs  A.  Oli v  be.  $  1 .75 
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PASSONS.  Blementiry  Ophtludmie  Opticc.  With  Diagram- 
matie  lUtwintiona.  $2  00 

PHILLIPS.  Spectacles  and  Eyeglassefl.  Their  Preseription 
and  Adjustment.     3d  Edition.     52  Illustrations.  $1.00 

SWAlfZY.  Diseases  of  the  Bye  and  Their  Treatment.  8th 
Edition,  Revised  and  Enlarged.  168  Illustrations.  1  Plain 
Plate  and  a  Zephyr  Test  Card.  $2.fi0 

THORmOTON.  Retinoscopy.  4th  Edition.  Carefully  Revised. 
lUustrated.  $1.00 

THORmOTON .  Refraction  and  How  to  Refract.  200  Illustra- 
tions, 13  of  which  are  oolored.     2d  Edition.  $1.50 

WALKER.  Stttden**  Aid  in  Ophthalmology.  Colored  Plate 
and  40  other  Illustrations  and  a  Glossary.  $1.50 

WORTH.    Squint :  Its  Causes.  Pathology,  Treatment.       $2.00 

WRIOHT.  Ophthalmology.  2d  Edition,  Revised  and  Enlarged. 
1 17  Illustrations  and  a  Glossary.  $3.00 

FEVERS. 

OOODALL  AlID  WASHBOURH.    Fevers  and  Their  Treatment. 

Illustrated.  $8.00 

WILCOX.     Fever  Nursing.    Ju»t  R§adv.  $1.00 

GYNECOLOGY. 

BYFORD  (H.  T.).  Manual  of  Gynecology.  3d  Edition.  Revised 
and  Enlarged.     363  Illustrations.  $3.00;  Sheep,  $3.50 

FULLERTOn.  Surgical  Nursing.  8d  Edition,  Revised  and 
Enlarged.     60  Illustrations.  $1.00 

GALABIN.  Diseases  of  Women.  Sixth  Edition.  By  AmmD 
Lewis  Oaljlbin,  M.A.,  M.D.,  F.R.c.p.  6th  Edition,  Revised 
and  Enlarged.     284  Illustrations.     OcUvo.         Cloth,  $5.00 

LBWERS.     Diseases  of  Women.     146  Illus.     5th  Ed.  $2.50 

MONTGOMERY.  Practical  Gynecology.  A  Complete  Sys- 
tematic Text-Book.  2d  Edition.  Revised  and  Enlarged. 
With  530  nius.  Cloth,  $5.00;  Leather,  $6.00 

ROBERTS.  Gynecological  Pathology.  With  127  Full-page 
Plates  containing  151  Figures.  $6.00 

WELLS.  Compend  of  Gynecology.  145  Illustrations.  3d  Edition, 
Revised  and  Enlarged.  $1.00;  Interleaved,  $1.25 

HEART. 

THORNS.  The  Scbott  Methods  of  the  Treatment  of  Chronic 
Heart  Disease.     Fourth  Edition.     Illustrated.  $2.00 

HISTOLOGY. 

GUSHING.  Compend  of  Histology.  By  H.  H.  Cvbhins,  m.o.. 
Demonstrator  of  Uistolo«r,  Jefferson  Medical  College,  Phila- 
delphia.    Ulus.     Nearly  R^ady,         $1.00;  Interieaved,  $1.25 

LAZARUS-BARLOW.  Pathological  Anatomy  and  Histology. 
lUustrated.  $6.50 
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STIRLING.  OutlinM  of  Practical  HifCology.  368  Xlluatrationa. 
2d  Edition.  Reviaed  and  Enlarced.     With  new  Illua.        S2.00 

STOHR.  Hittology  and  Microacopical  Anatomy.  Editad  bjr 
A.  ScHAPaa,  ii.n..  Univeraity  of  Brealau,  formarly  Damon- 
atrator  of  Hiatolosy.  Harvard  Medical  School.  Fifth  Amei^ 
lean  from  10th  Carman  Edition,  BaTiaed  and  Enlarsad.  353 
niuatrationa.  $3.00 

HYGIENE, 

CAHFIBLD.  Hytiene  of  the  Sick-Room.  A  Book  for  Nuiaea 
and  Others.  Beinc  a  Brief  Consideration  of  Asepda,  Anti- 
«epsia.  Disinfection,  Baoteriolosy,  Immunity,  Heatmc  Venti> 
lation,  ete.  $1.26 

COim.    Acricnhnral  Bacteriology.     Ulustrated.  $2.60 

COHN.     Bacteriology  of  Milk  and  Milk  Products.     lUua.    $1.36 
COPUH.    Practical    Hygiene.     A    Complete    American    Tezi- 
Rook.     138  Illustrations.     New  Edition.  Preparing. 

HARTSHORNB.     Our  Homes.     Illustrated.  .40 

KENWOOD.  PubUc  Health  Laboratory  Work.  116  lUustra- 
tions  and  3  Plates.  $2.00 

LEFFMANN.     Select  Methods  in  Food  Analysis.     63  Illustra- 
tions and  4  Platee.     2d  Edition.  In  Pre—. 
LEFFMANN.     Examination  of  Water  for  SsniUry  and  Technical 
Purposes.     5th  Edition.     Illustrated.      Ju9t  Ready.        $1.25 
LEFFMANN.     Analysis  of  Milk  and  Milk  Products.     lUustrated. 
Second  Edition.  $1.25 
LINCOLN.     School  and  Industrial  Hygiene.  .40 
McFARLAND.     Prophylsxis   and    Personal    Hygiene.     Care   of 

the  Sick.     See  Cohen,  PhyeioloQic  TfierapeiUice,  page  17. 
NOTTER.     The  Theory  and  Practice  of  Hygiene.     15  Plates  and 
138  other  Illustrations.     8vo.     2d  Kdition.  $7.00 

PARENS  AND  KENWOOD.  Hygiene  and  PubUc  Health.  2d 
Edition,  Enlarged.     Illustrated.  $3.00 

ROSENAU.     Disinfection  and  Disinfectants.     lUus.  $2.00 

STARR.  The  Hygiene  of  the  Nursery.  Including  the  General 
Regimen  and  Feeding  of  Infants  and  Children,  and  the  Domes- 
tic Management  of  the  Ordinary  Emergencies  of  Early  Life, 
Massage,  etc.     6th  Edition.     25  Illustrations.  $1.00 

STEVENSON  AND  MURPHY.  A  Treatise  on  Hygiene.  By 
Various  Authors.     In  three  octavo  volumes.     Illustrated. 

VoL  I.  $6.00;  Vol.  II,  $6.00;  VoL  III.  $6.00 
THRESH.     Water  and  Water  Supplies.     3d  Edition.  $2.00 

THRESH.   Examination  of  Water  and  Water  Supplies.  In  Preee, 
WILSON.     Handbook  of  Hygiene  and  Sanitary  Science.       With 
Illustrations.     8th  Edition.  $3.00 

WSYL.  Sanitary  Relations  of  the  Coal-Tar  Colors.  Authorised 
Translation  by  Hsnbt  LairrifANM.  m.o..  ph.o.  $1.25 

LUITGS  AND  PLEURA. 

KNOPF.    Pulmonary  Tuberculosis.     lu  Modem  Propbylaxia  and 

Treatment  in  Special  Institutions  and  at  Home.   Illua.    $3.00 

STSBLU    Phyiical  Signs  of  Pulmonary  Disease.     Dlua.       $1.26 
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MASSAGE.    PHYSICAL  EXERCISE. 

GULICK.  Physical  Education  by  Mttscular  Exerciae.  Illus- 
trated.    JiMi  RBody.  .75 

OSTROM.  Managa  and  tba  Original  Swadiah  MoTamanta. 
Thair  Applieation  to  Varioua  Diaaaiai  of  tha  Body.  A  Ifanual 
for  Studanta,  Nuraaa,  and  Phjrncians.  Fifth  Edition,  En- 
largad.     115  IlluBtrationa,  many  of  which  are  originaL     $1.00 

MITCHBLL  AND  OUUCK.  Machanotfaerapy.  Ezercita*  Ortho- 
pedicii  Massage*  Ocular  Corrections*  ate  Illustrated.  Sm 
Coh0n,  PhynUoQic  r^Urapeuiies,  Ulow.    Juti  Ready. 

TREVES.     Physical  Education.     Ita  Value.  Methoda,  eta.       .75 


MATERIA  MEDICA  AND  THERAPEUTICS. 

BRACKEN.  OutUnea  of  Materia  Mediea  and  Pharmacology.  $2.75 

COBLENTZ.  The  Newer  Remedies.  Including  their  Synonyms, 
Sourees,  Methods  of  Preparation,  Testa.  Solubilitiaa.  Doaea, 
etc.     3d  Edition.  Enlarged  and  Revised.  $1.00 

COHEN.  PhTsiologic  Therapeutlca.  Methods  other  than  Drug- 
Giying  useful  in  tha  Prevention  of  Diaaaae  and  in  the  Treat- 
ment of  the  Side.  Mechanotherapy,  Mental  Therapautica, 
Suggestion,  Electrotherapy,  Climatology,  Hydrotherapy, 
Pneumatotherapy.  Prophylazia,  Dietetics,  Organotherapy, 
Phototherapy.  Mineral  Watera,  Batha,  etc.  11  volumee,  8vo. 
Illustrated.     (SubtenpHan,)  Cloth.  $27.50 ;  i  Mor.^$38.50 

Spteial  D—triptvH  Circular  will  5s  ssvil  upon  applieaiion, 

OORGAS.  Dental  Medicine.  A  Manual  of  Materia  Medica  and 
Therapeutics.     7th  Edition.  Revised.  $4.00 

OROFF.  Materia  Medica  for  Nurass,  with  Questions  for  Self- 
Rxamination.     2d  Edition.  Revised  and  Improved.  $1.25 

HELLER.  Essentials  of  Materia  Medica.  Pharmacy,  and  Pre- 
scription Writing.  $1.50 

HEWLETT.     Serum-Therapy,  Vaccines,  etc.  $1.75 

POTTER.  Handbook  of  Materia  Medica.  Pharmacy,  and  Thera- 
peutics, including  the  Action  of  Medicines,  Special  Therapeu- 
tics. PharmacolMv.  etc.,  including  over  600  Prescriptioaa  and 
Formula.  9th  Edition,  Revised  and  Enlaiged.  With  Thumb 
Index  in  each  copy.  Cloth.  $5.00;  Sheep.  $6.00 

POTTER.  Compend  of  Materia  Medica,  Therapeutics,  and  Pra- 
icription  Writing,  with  Special  Reference  to  the  Physiological 
Action  of  Drugs.     6th  Edition.  $1.00;  Interleaved,  $1.25 

MURRAY.     Rough  Notes  on  Remedies.     4th  Edition.  $1.25 

SATRE.  Organic  Materia  Medica  and  Pharmacognosy.  An 
Introduction  to  the  Study  of  the  Vegetabla  Kingdom  and  tha 
Vegetable  and  Animal  Drugs.  Comprising  the  Botanical  and 
Physical  Characteristics,  Source,  Constituents,  and  Phamuk* 
copeial  Preparations.  Insects  Injurious  to  Drugs,  and  Pharma- 
cal  Botany.  With  sections  on  Histology  and  Microtaohniqna, 
by  W.  C.  SravBNS.  374  Illustrationa,  many  of  which  are 
original.     3d  Edition.  In  Prt—. 

SCOVILLE.  The  Art  of  Compounding.  3d  Edition,  Revised 
and  Enlarged.     Ju9t  Ready,  $2.50 
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TAYSRA.    Mtdldflftl  Pfamti  of  tlM  PhiUvpliiM.  12.00 

WHITB  AlTD  WILCOX  Mattria  Mtdiou  Plumiuicy»  Pbanna- 
coloK7»  and  Tbaraptotica.  6th  AiiMrieaii  Edition,  Herincl  by 
RsTNOL*  W.  WiLOoz,  MJi.,  M^.,  LL.n.,  ProfoMor  of  GUnical 
Mcdieiaa  and  TharapautiM  at  the  New  York  Poet-Onduate 
MediealSohooL  Cloth.  $3.00;  Leather.  $3i>0 

MEDICAL  JXTRISPRUDENCE  AND 
TOXICOLOGY. 

RBBSB.  Medical  Juriapmdence  and  Tozicoloay.  A  Text-Book 
for  Medieal  and  Lend  Practitioners  and  Students,  dth 
Edition.    Bevised  by  Hbitbt  Lbitmann.  m.». 

Cloth.  $3.00;  Leather,  $3.fi0 
"To  the  student  of  medieal  jurisprudence  and  toxicology  it  is 

inraluable.  as  it  is  concise,  dear,  and  thorough  in  every  respect." 

— TAs  Afiuriean  Journal  of  ths  Modieal  Seionen. 

TABVBR.  Memoranda  of  Poisons.  Their  Antidotes  and  Tests. 
0th  Edition,  by  Dm.  HnirmT  LuriiAirN.  .76 

MICROSCOPY. 

.CARPBHTEB.  The  IGcroscope  and  Its  Revelations.  8th 
Edition.  Bevised  and  Enlarged.  817  lUustrations  and  23 
PUtss.  aoth.  $8.00;  Half  Morocco.  $0.00 

ORBENISH.  Microscopical  Bzamination  of  Foods  and  Drugs. 
Illustrated.  $3.50 

LBB.  The  Mlcrotomitt's  Vadc  Mecum.  A  Handbook  of 
Methods  of  Mioroecopioal  Anatomy.  887  Articles.  5th 
Edition.  Enlarged.  $4.00 

OERTBL.  Medical  Microscopy.  A  Quids  to  Diagnosis,  Ele- 
mentary Laboratory  Methods  and  Microacopis  Technio.  131 
lUustrations.  $2.00 

RBBVBS.  Msdical  Microscopy,  including  Chapters  on  Bacteri- 
<^ogy.  Neoplasms,  Urinary  Examination,  etc.  Numerous 
Illuttrations,  some  of  which  are  printed  in  colors.  $2.50 

WBTHBRBD.  Medical  Microscopy.  A  Guide  to  the  Use  of  the 
Microscope  in  Practical  Medicine.     100  Illustrations.        $2.00 

MISCELLANEOUS. 

BBRRY.     Diseases  of  Thyroid  OUnd.     Illustrated.  $4.00 

BUXTON.    Anesthetics.     Illustrsted.     3d  Edition.  $1.50 

COHBN.    Organotherapy.    5««  CoAsn,  Phynolooie  Thorapoutie; 

pago  17, 
IRBBKBL.    Tabetic  Ataxia.     Illustrated.  $3.00 

OOULD.  Borderland  Studies.  Miscellaneous  Essays.  12mo.  $2.00 
OOULD.      Biographic  Clinics.      Volume  I.      The  Origin  of  the 

Ul-Uealth   of    DeQumcy,     Carlyle.    Darwin,     Huxley,    and 

Browning.  $1.00 

GOULD      Biographic  Clinics.     Volume  II.     The  Origin  of  the 

Ul-Health   of    Wagner,    Parkman,    Mrs.   Carlisle,    Spencer. 

Wbittier,  Ossoli,  George  Eliot,  and  Nietsche.  $1.00 


HgPIOAL  BOOEB. 1» 

ORBBHB.    Mtdkal   KTamfaiation   for   Lift   Intonuict.    lUiu. 

With  oolorsd  and  othar  EncrmYingi.    2d  Edition.      In  Prm§. 
HAIO.    CAontlon  of  DiiMM  by  Uric  Add.    Tho  Patiiolocr  of 

Hich  Artorial  Tension,  HoftdAohe.  EpilopajN  Gout,  RheumA* 

tinn.  DiAbetM,  BrichVs  DiaaMS.  oto.    Oth  Edition.        13.50 
HBHRT.    A  Praetical  TnatiM  on  AnMBia.  Half  Ooth,  .50 

OSGOOD.    Tha  Wiatar  and  Ita  Dancara.  .40 

OSLER.    Eaaaya  and  Addraaaaa.  In  PrM§, 

PACKARD.    Saa  Air  and  Saa  Bathing.  .40 

RICHARDSON.    Lone  Ufa  and  How  to  Raach  It  .40 

ST.  CLAIR.  Compend  of  Medical  Latin.  2d  Edition.  In  Preaa, 
SCHBUBB.  Diaaaaea  of  Warm  Covntriaa.  Illuatr»ted.  $8.00 
TISSIBR.    Pneomotherapy*  Aerotherapy*  Inhalation  Methods. 

Sm  Cohsn,   Pkyiologu  ThmrapmtiieB,  poif  17. 
TURHBULL.    Artificial  Anaathaaia.    4th  Ed.    lUaa.  t2.50 

WARDEN.    The  Paria  Medical  SchooL  Paper,  .75 

WBBBR  AND  HINSDALB.    CUmatolofT  and  Health  Reaorta. 

Inoludinf  Mineral  Springa.    2Tola.     Uiastrated  with  Colored 

Maps.     iSm  CoAeift,  PkunoUgic  ThmrapmUiet,  pao0  17. 
WILSON.    The  Summer  and  Ita  Diaeaaea.  .40 

WINTERNITZ.    Hydrotherapy*  Tharmotherapy*  Phototherapy* 

Mineral  Waters,  Baths*  etc    Illuatrated.    Sm  Cohm,  Pkyio- 

logic  ThmupcuHet,  pao0  17. 

NERVOUS  DISEASES. 

DBRCUM.    Reat,  Suggeation*  Mental  Therapeotica.    5«s  CoAen, 

Phynolooic  rAerap«w<tes,  po^  17. 
GORDINIBR.    The  Gross  and  Minute  Anatomy  of  the  Central 

Nerrous  System.     With  271  original  colored  and  other  Illua- 

trationa.  Cloth,  S6.00;  Sheep,  97.00 

GOWBRS.    Syphilis  and  the  Nerrous  System.  tlJOO 

60WBRS.    Manual  of  Diseases  of  the  Nerrous  System.    A 

Complete  Text-Book.     Beyised,  Enlarfod,  and  in  many  parts 

Rewritten.     With  many  new  Illuatratioas.    Two  volumes. 

Vol.  I.  Diseases  of  the  Nenres  and  Spinal  Cord.     3d  Edition. 
Enlarged.  Cbtii.  $4.00;  Sheep,  $5.00 

Vol.  II.  Diseasee  of  the  Brain  and  Cranial  Nenree;  Qeneral  and 

Functional  Disease.     2d  Ed.         Cloth,  $4.00;  Sheep,  $5.00 

GOWBRS.    Epilepsy  and  Other  Chronic  ConvulsiTe  Diseaaee. 

2d  Edition.  $3.00 

GOWBRS.     Clinical    Lectures.     Illustrated.     Second    Series. 

Ju$t  Ready.  $2.00 

HORSLBT.    The  Brain  and  Spinal  Cord«   the   Structure   and 

Functions  of.     Numerous  Illustrationa.  $2.50 

ORMBROD.    Diseasee  of  the  Nerrous  System.     0$  Wood  En- 
gravings. $1.00 
PERSHING.    Diagnosis  of  Nervous  and  Mental  Diseases.    Illue- 

trated.  $1.26 

PRESTON.    Hysteria   and    Certain   AUiad    CondMona.    Thmr 

Nature  and  TMatment.    Illuatralad.  $2.00 

WOOD.    Brain  Work  and  Overwork.  .40 


8UBJSCT  OATALOOUS. 


NURSINO  (tee  also  Matiagt). 

ApMfol  Caiahtm  •/  Boofa  far  Hwnm  9mU  frm  upom  •ppUsdMsn. 

CASHBLD.  HyilaiM  of  tlM  Sfek-Room.  A  Book  for  Nmco 
and  Othon.  Boing  a  Biiof  OoniidMmtion  of  Ampoi.  Aati- 
■epdi.  Difiiifoetioii,  Baeteriolofj,  Immimitj,  W^t8t>g  And 
Vootiktioa.  aad  Kindrad  Bubjoeto  for  iho  Um  of  NnnM  ud 
OtlMr  IntoUicont  Wodbmi.  SLSS 

CUTF.    Loctarn  to  gnnt  on  Modidao.    4ili  Edition.       $1.15 

DAVI8.    Bandaging.    Ito  Pzineiplaa  and  Praotiea.     leS  Original 

lUustiBtiona.  %\J» 

FULLBRTOB.    Obrtrtrie  Bviiing.    0th  Ed.  45  lUua.        $1X0 

rULLBRTOM.    Surgical  Inning.    8d  Ed.    60  Ilhu.  $1X0 

OROFT.    Mataria  Ifadiea  for  NnnM.    With  Qnaatione  for  8alf- 

Examination.    Sd   Edition,   Baviaad  and  ImproTMi     $1.25 

HADLBT.  Oanaral*  lladical<  and  Sorgieal  Barring.  A  Tanr 
Complote  llanual.  Including  Siek-room  Cookaiy.  $1.25 

HUMPHRBT.  A  Kannal  for  BurMt.  Ineluding  Gonaral 
Anatomy  and  Phyriology,  Ifanagament  of  tba  Sick-room,  ote. 
34th  Edition.    70  Illustrations.  $1X0 

STARR.  Ths  Hrgisno  of  tht  BurtsTT.  Including  tha  Gonaral 
IU|Jmen  and  Foadinfr  of  Infants  and  Childrsn,  and  tha  Domsa- 
tie  Managemont  of  the  Ordinary  Emargsnoiss  of  Early  Ufa, 
Massags,  etc.     6th  Edition.    25  Illustrations.  $1.00 

TBMPBRATURB  AND  CUBICAL  CHARTS.    See  page  25. 
VOSWIBKBL.     Surgical  Nursing.     Second  Edition,  Enlarged. 
112  Illustrations.  $1.00 

WILCOX.     Ferer  Nursing.    Jutt  Ready.  $1.00 

OBSTETRICS. 

BDOAR.  Text-Book  of  Obstetrics.  By  J.  Currov  Edoak, 
M.n..  Professor  of  Obstetrics  and  Clinical  Midwifery,  Medical 
Department  of  Cornell  Univenity,  New  York  Qty.  etc  1221 
Illustrations.   Jim<  RMdy.  Cloth,  $6.00;  Sheep.  $7.00 

FULLBRTON.     Obstetric  Nursing.     6th  Ed.     Illus.  $1.00 

LANDI&  Compend  of  Obststrics.  7th  Edition,  RoTised  by 
Wm.  H.  Wuxa,  M.n.,  Demonstrator  of  Clinical  Obstetrics. 
Jefferson  Medical  College.  62  Ulus.  $1.00;  InterleaTed,  $1.25 

WINCKBL.  Text-Book  of  Obstetrics,  Including  the  Pathology 
and  Therapeutics  of  ths  Puerperal  Sute.     Illustrated.     $5.00 

PATHOLOGY. 

DANIEL.  Laboratory  Exercises  in  Tropical  Medicine.  Just 
Ready.  $4.00 

BLACKBURN.  Autopdea.  A  Manual  of  Autopsies  Dssigned 
for  the  Use  of  Hospitals  for  the  Insane  and  other  Publie  Insti- 
tutions.    Ten  full-page  Plates  and  other  lUustrations.     $1.25 

COPLIN.  Manual  of  Pathology.  Including  Bacteriology,  Tsch- 
nie  of  Post-Mortems,  Methods  of  Pathologio  Eeaearen,  ate. 
SaO  Illustrations,  7  Colored  Plates.    3d  Edition.  $8.50 
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DA  COSTA.  CUnicid  Hematolofy.  A  Pnotieal  Ovide  to  tht 
Examinfttmn  of  th«  Blood.  Six  Color»d  PUtaa  and  48  niui- 
trmtioBs.  Cloth,  $5.00;  Sheep,  $0.00 

LAZARUS-BARLOW.  Patholocicid  Anatomy.  Wiih7Goloied 
Platee  and  171  other  Illuetrations.  $0.50 

LAZARUS-BARLOW.  General  or  Experimental  Pathology. 
Illustrated.     2d  Edition.     Ju$t  Bsady.  $6.50 

MacLEOD.  The  Pfttholofy  of  the  Skin.  Colored  and  other 
Bluetrationa.  $5.00 

MARTDI.   Manual  of  PatholOfy.  Illustrated.  JuaitUady,  $4.00 

ROBERTS.    Gynecological  Pathology.     Illustiated.  $0.00 

THATER.    Compend  of  Special  Pathology.    Illustrated. 

$1.00:  Interleared,  $1.25 

THATER.  Manual  of  General  and  Special  Pathologr.  131 
Illustrations.  711  pages.  2d  Edition.  Full  Limp  Moroeco, 
Gilt  Edges,  Round  Comers.  $2.50 

VIRCHOW.    Post-Mortsm  Examinations.     8d  Edition.  .75 

WHITACRE.  Lahoratory  Text-Book  of  Pftthology.  With  121 
Illustrations.  $1.50 

PHARMACY. 

Sv^eial  Caiaioffu*  of  Book»  on  Pharwtaey  ooni  frm  upon  applieofien. 

COBLEHTZ.  Manual  of  Pharmacy.  A  Complete  Text-Book  by 
the  Professor  in  the  New  York  College  of  Pharmaey.  2d  Ed., 
Rerised  and  Enlarged.     437  lUusTcioth,  $3.50TSheep,  $4.50 

COBLENTZ.    Volumetric  Analyili.     niustrated.  $1.25 

BEASLET.  Book  of  3100  Prescriptions.  CollectMi  from  the 
Practice  of  the  Most  Eminent  Physicians  and  Surgeons — Eng- 
lish, French,  and  American.  A  Compendious  History  of  the 
Materia  Mediea,  Lista  of  the  Doees  of  all  the  Officinal  and  Es- 
tablished Preparations,  an  Index  of  Diseases  and  their  Reme- 
diee.    7th  Edition.  $2.00 

BEASLEY.  Dru|si*ti'  General  Receipt  Book.  Comprisina  a 
Copious  Veterinary  Formulary,  Recipes  in  Patent  and  Iro- 
prietary  Medicines,  Druggists'  Nostrums,  etc. ;  Perfumery  and 
Cosmetice,  BeTeragee,  Dietetic  Articles  and  Condiments,  Tnde 
Chemicals,  Scientific  Proeessss,  and  many  Useful  Tables. 
10th  Edition.  $2.00 

BEASLET.  Pharmaceutical  Formulary.  A  Synopsis  of  ths 
British,  French,  Qerman.  and  United  States  Pharmacopcsias. 
Comprising  Standard  and  Approved  Formulai  for  the  Prepara- 
tions and  Compounds  Employed  in  Medicine.    12th  Ed.  $2.00 

GREENISH.  Microscopical  Examination  of  Foods  and  Drugs. 
lUustrated.  $3.50 

ROBINSOll.  Latin  Grammar  of  Pharmacy  and  Medicine.  4th 
Edition.     With  elaborate  Vocabularies.    JuHBoady,    $1.50 

SATRE.  Organic  Materia  Mediea  and  Pharmacognosy.  An 
Introduction  to  the  Study  of  the  Vegetable  Kinjedom  and  the 
Vegetable  and  Animal  Drugs.  Comprising  the  Botanical  and 
Physical  Characteristics,  Source,  Constituents,  and  Pharma- 
oopeial  Preparations,  Insecte  Injurious  to  Drugs,  and  Phar- 
maoal  Botany.  With  sections  on  Histology  and  Microtech- 
nique, by  W.  C  SraTBMS.    $74  Dlustrationa.   Third  Editioa. 

InPr^w, 


SUBJECT  GATALOOUB. 


8C0VILLB.  Th«  Art  of  Compoondinc.  Third  Edition,  Bo- 
▼iMd  and  EnUraed.    Ju»t  Bsady.  CkAb^  $2.50 

STEWART.  Compond  of  Pbannacy,  Baied  upon  "Eeminr- 
ton's  Toxt-Book  of  PluurnuMsy."  6th  Edition,  BoTind  !n 
Aooordanoe  with  tho  U.  S.  PhiumaoopoBia,  1800.  Oomploto 
Tablet  of  Motrio  and  Enj^iah  Weigfato  and  Moarorta. 

$1.00:  IntoriaaTed.  $1.25 

TAVERA.    Madidnal  Plant!  of  tlM  PhiUppinM.  $2.00 

UmrBD  STATES  PHARMACOP(BIA  7th  Dmsannial  BoYiaon. 
aoth,  $2.50  postpaid.  $2.77):  Sheep.  $3.00  (postpaid,  $8.27): 
Interieared,  $4.00  (poetpaid,  $4.50):  Printed  on  one  aide  of 
pace  only,  unbound,  $3.50  (poatpaid,  $3.00). 
SelectTaUaafromtlien.aP.  Beinc  Nine  of  the  If  oat  Impor- 
tant and  Uaeful  Tablea,  Printed  on  Separate  Sheeta.        .25 

POTTER.  Handbook  of  Hateria  lledica*  Pharmacy*  and  Then- 
peutica.    000  Pieacriptiona.    0th  Edition. 

aoth.  $5.00:  Sheep.  $6.00 


PHYSIOLOGY. 

BIRCH.    Practical  Phyiiolofy.    An   Elementary  Claaa  Book. 

62  Iliuatrationa.  $1.76 

BRUBAKER.  Text-Book  of  Phyaiology.  Illua.  N0arly  lUady. 
BRUBAKER.    Comnend  of  Phyaiolofy.     11th  Edition,  Beviaed 

and  Enlarfed.    Illuatrated.  $1.00;  Interleaved,  $1.25 

JONES.    OutUnea  of  Phydolofy.    06  IlluatraUona.  $1.50 

KIRKBS.  Handbook  of  Phyiiolofy.  17th  Authoriied  Edition. 
Beviaed,  Rearranged,  and  Enlarged.  By  Prof.  W.  D.  Halu- 
BUHTON,  of  Kings  College,  London.  681  Iliuatrationa,  aome  of 
which  are  in  oolora.  Cloth,  $3.00 ;  Leather,  $3.75 

LAHDOIS.  A  Text-Book  of  Human  Phyaiology.  Including 
Hiatolonr  and  Microaoopioal  Anatomy,  with  Special  Reference 
to  the  Requirementa  of  Practical  Medicine.  5th  American, 
translated  and  edited  from  the  last  German  Edition  by  A.  P. 
BauBAKKR,  M.D.,  and  A.  A.  EaHNUt.  M.D.  In  Press. 

STARLIlfO.    Elementa  of  Human  Physiology.     100  Illua.    $1.00 
STIRLIHG.     Outlinea  of  Practical  Phyaiology.     Including  Chem- 
ical and  Experimental  Physiology,  with  Special  Referenee  to 
Practical  Medicine.     3d  Edition.     280  Illustrations.        $2.00 

TTSOn.     CeU  Doctrine.     Its  History  and  Present  State.     $1.50 


PRACTICE. 

COHEN.     Physiologic  Therapeutica.    The  Treatment  of  Diaease 
by  Methoda  other  than  Drug-giving.     <Sm  pag€  17. 

FAOGE.     Practice  of  Medicine.     4th  Edition,  by  P.  H.  Pra- 
Smtth.  M.n.     2  volumes.  Vol.  I.  $6.00;  Vol.  II,  $6.00 

FOWLER.    Dictionary    of    Practical    Medicine.     By    various 
""  I  of  Medicine. 

Cloth.  $3.00:  Half  Iforoeeo,  $4.00 


MEDICAL  BOOKS. 


GOULD  AND  PTLB.  CydopedU  of  Practical  XadidiM  and 
Suntry-  A  Coneiaa  Refeiwnoe  Handbook,  with  partleular 
Referanoe  to  Diaanoaia  and  Treatmant.  Edited  by  Daa. 
GovLa  and  PTi.n,  Aariatad  by  72  Spadal  Oontributora.  Illua- 
tratad.  one  voluma.  Laiie  Squara  Octavo,  Unifonn  with 
"GouLd'c  lUuatratad  Dictionary/' 

Shaep  or  Half  Mor..  1 10.00;  with  Thumb  Index.  1 11.00 
Half  RuMda,  Thumb  Index.  $13.00 
49*  CompUU  dMcripHm  etreular  frm  ujxm  apflicatum. 
GOULD  AND  PTLE'S  Pocket  CyctopedU  of  Kediclne  and  Sur- 
gery.    Baaed  upon  the  above  and  Uniform  with  "Gould'a 
Pocket  Dictionary."    Full  Limp  Leather.  Gilt  Edgea,  Round 
Cornera,  tl.OO;  with  Thumb  Index.  $1.25. 
HUGHES.    Compend  of  the  Practice  of  Medicine.    Oth  Edition. 
Reviaed  and  Enlarged. 

Part  I.    Continueo.  Eruptive,  and  Periodical  Fevere,  Diaaaae 
of  the  Stomach,  Inteatinee.  Peritoneum.  Biliary  Paaaagea, 
Liver,  Kidneya,  etc.,  and  General  Diaeaaea,  etc. 
Part  II.    Diaaaaea  of  the  Reapiratory  Syatem,  Circulatory 
Syatem.  and  Nervoua  Syatem;  Diaeaaea  of  the  Blood,  etc. 


Priee  of  each  part,  $1.00;  Interleaved.  $1.25 
Phyaidan'a  Edition.     In  one  voltune,  including  the  above  two 
parte,  a  Section  on  Skin  Diaeaaea,  and  an  Index.     Oth  Re- 
viaed Edition.     035  pp.    FuUMorocco,  GUt  Edge,  $3.35 
TATLOR.    Practice  of  Medidne.    Oth  Edition.  $4.00 

TYSON.    The  Practice  of  Medicine.    By  Jambs  Ttson,  ma. 
Profeeaor  of  Medicine  in  the  Univeraity  of  Pennaylvania. 
Complete  ByaUmatie  Taxi-book,  with  Special  Reference  to 
Diagnoaia  and  Treatment.    3d  Edition,  Enlatgad  and  Reviaed. 
Colored  PUtea  and  135  other  Illuatrationa. 

aoth,  $5.50:  Leather,  $0.50 

STOMACH.    INTESTnrES. 

FBNWICK.     Cancer  of  the  Stomach.    Juaf  Jteodv.  $8.00 

HEMMETER.  Diaeaaea  of  the  Stomach.  Their  Special  Pathol- 
ogy. DiagnoaLa,  and  Treatment.  With  Seetiona  on  Anatomy, 
Analyaia  of  Stomach  Contenta.  Dietetioe.  Surgery  of  the  Stom- 
ach, etc.  3d  Edition.  Reviaed.  With  15  Platea  and  41  other 
Illuatrationa.  a  number  of  which  are  in  colore. 

Cloth.  $0.00;  Sheep.  $7.00 
HEMMETER.    Diaeaaee  of  the  Inteatinee.    Their  Special  Path- 
ology. Diagnoaia,  and  Treatment.     With  Seetiona  on  Anatomy 
aad^Phyaiology.  Microacopic  and  Chemic  Examination  of  In- 
teetinal  Contonta,  Seoretiona,  Feoee  and  Urine,   Inteatinal 


Bacteria  and  Paraaitee,  Surgery  of  the  Inteetinee.  Dietetice, 
Diaeaaea  of  the  Rectum,  etc.  With  Full-page  Colored  Platei 
and  many  other  Original  Illuatrationa.     2  volumea.    Octavo. 


Diaeaaea  of  the  Rectum,  etc.  With  Full-page  Colored  Platee 
bar  Original  Illuatrationa.  2  volumea.  Octavo. 
Price  of  each  volume,  Qoth.  $5.00;  Sheep,  $0.00 


SKIN. 

BULKLET.  The  Skin  in  Health  and  Diaaaae.  Dluatrated.  .40 
CROCKER.    Diaeaaea  of  the  Skin.    Their  Deicription.  Pathol- 

ogv.  Diagnoaia.  and  Treatment,  with  Special  Referenee  to  the 

Skin  Eruptiona  of  Children.     3d  Edition,  Thoroughly  Reviaed. 

With  New  Illuatrationa.  Qoth,  $5.00;  Sheep.  $0.00 

MacLBOD.    The  Pathology  of  the  Skin.    Colored   and   othar 

Illuatrationa.  $5.00 


SUBJECT  CATALOGUE. 


8CHAMBBR0.  IHmum  of  tlM  Skiii.  8d  Edition*  lUWwd  axl 
BnlarsML     106  UurtrAtiouk   OotlwSlUN):  IntoriMiTed.  $1.26 

TAK  HARLDTOSH.  On  Skin  DiMUOi.  A  Pnotionl  Hwkual 
of  Diacnoaia  and  Traatmant,  with  Spadal  Raf aranaa  to  Diffar- 
antialDiaipaoaia.  8d  Edition,  Baruad  and  Enlaicad.  With 
Formula  and  60  Illuatrationa,  aoma  of  wliieh  ara  inintad  in 

92.76 


SURGERY  AND  SURGICAL  DISEASES 
(see  also  Urinary  Organs). 

BBRRT.     Diaaaiaa  of  tba  ThYToid  Gland.     Illuatratad.       t4.00 

BrajRY.    Surgical  Diagnosis.  In  Press. 

BINNIE.    Operative  Surgery.    Illustrated.  Preparino. 

BURRELL  AND  BLAKE.  Case  Teaching  in  Surgery.  Jttst 
Ready.  .75 

BUTLIli.  Oparmttra  Surgery  of  Malignant  Disease.  2d  Edi- 
tion,    niuatratad.     OeUvo.  S4.60 

CASPER  AND  RICHTER.     Functional  Kidney  Diagnosis.  SI  50 

DAVIS.  Bandaging.  Ito  Prineiplas  and  Praotioa.  163  Original 
niuatrationa.  $1.50 

DBAVBR.    Surgical  Anatomy.    A  Traatiaa  on  Human  Anatomy 


in  ita  Application  to  Medicine  and  Surgery.  With  about  500 
▼ary  handsome  full^page  Illustrations  EngraTod  from  Original 
Drawings  made  by  special  Artists  from  Dissections  prepared 


for  the  purpose.     Tnree  volumes.     Royal    Square  Octavo. 
By  Suhseripiion  only.    Now  Ready. 

Half  Moroooo  or  Sheep.  $30.00;  Half  Russia,  $33.00 

DEAVBR.  Appendicitis:  its  Symptoms,  Diagnosis,  Patholof^, 
Treatment,  and  Complications.  Elaborately  Illustrated  with 
Colored  PUtos  and  other  Illua.     3d  Edition.      Nearly  Ready 

DOUGLAS.  Surgical  Diseases  of  the  Abdomen.  Illustrated 
by  20  FuU-page  PUtes.  Cloth.  $7  00;  Sheep.  $8.00 

DULLES.  What  to  do  First  in  Accidents  and  Poisoning.  5th 
Edition.     New  lUustrations.  $1.00 

FULLERTON.     Surgical  Nursing.     3d  Ed.     69  Illus.  $1.00 

HAMILTON.     Lectures  on  Tumors.     3d  Edition.  $1.25 

HEATH.  Minor  Surgery  and  Bandaging.  12th  Edition.  Re- 
vised and  Enlarged.   195  Illus..  Formule.  Diet  List,  etc.  $1.50 

HBATB.     Clinical  Lectures  on  Surgical  Subjects.  $2.00 

HORWITZ.  Compend  of  Surgery  and  Bandaging.  Including 
Minor  Surgery.  Amputationa,  Fractures,  Dislocationa,  Surgical 
Diseasee,  etc.,  with  Differential  Diagnosis  and  Treatment.  5th 
Edition,  very  much  Enlarged  and  Rearranged.  107  Illua.,  98 
Formula.  Qoth,  $1.00;  Interleaved.  $1.25 

JACOBSON.  Operations  of  Surgery.  4th  Ed..  Enlarged.  550 
niua.     Two  volumes.  Cloth,  $10.00;  Leather,  $12.00 

KBAT.     Medical  Treatment  of  Oall-Stones.  $1.25 

KBHR.  Gall-stone  Disease.  Translated  by  Wiixiam  WoTKTira 
Sbtmouk.  M.n.  $2.50 

MAKINS.  Surgical  Experiences  in  South  Africa.  1809-1000. 
lUustratad.  $4.00 

MATLARD.  Surgery  of  the  Alimentary  CanaL  97  Illustrations. 
Sd  Edition.  Ravisad.  $8.00 


MEDICAL  BOOKS. 


MOULLIN.  T«zt-Book  of  Sunnry-  With  Speeial  lUfertnoe  to 
TreatoMnt.  8d  Amerioaa  Edition.  RoTind  and  editad  by 
John  B.  Haiolton.  m.b.,  ll.d.,  ProfoMor  of  th«  Prineiplee  of 
Surniry  and  CHinieal  Suntry,  Rush  Medical  CoUece,  Chicago. 
623  llluatrationa,  many  of  whieh  ara  printed  in  colon. 

Cloth,  S6.00;  Leather.  t7.00 

VOSWIHKBL.  SarftealNimiac.  Second  Edition,  BeTieed  and 
Enlaiied.     Ill  Illustrationa.  fl.00 

WALSHAM.  Manual  of  Practical  Surfery.  8th  Ed..  Beviaed 
and  Enlarged.     622  Engravings  and  20  Skiagrams.     1227 

$4.50 


TEMPERATURE  CHARTS,  ETC. 

GRIFFITH.  Graphic  Clinical  Chart  for  Recording  Tempera- 
ture, Respiration,  Pulse,  Day  of  Disease,  Date,  Ace,  Sez,  Occu- 
Rtion,  name,  etc  Printed  in  three  colors.  Sample  copies 
m.  Put  up  in  looee  packages  of  fifty,  60  cU.  Price  to 
Hoepitals,  600  copies.  $4.00;  1000  copies.  $7.60. 

KBEirS  Clinical  Charts.  Seyen  Outline  Drawings  of  the  Body 
on  which  may  be  marked  the  Course  of  Dissase.  Fracturee. 
Operations,  etc.  Each  Drawing  may  be  had  separately, 
twenty-five  to  pad,  26  cents. 


THROAT  AND  NOSE  (see  also  Ear). 

COHBN.    The  Throat  and  Voice.     Illustrated.  .40 

HALL.    Diseases  of  the  Rose  and  Throat.     2d  Edition.  Enlarged. 
Two  Colored  Platee  and  80  Illustrations.  $2.76 

HOLLOPETER.     Hay  Fever.     lu  Successful  Treatment.    $1.00 

KRIGHT.     Diseases  of  ths  Throat.     A  Blanual  for  Students. 
Illustrated.     JuMt  Rmdy.  $3.00 

KTLE  G*  J*)*    Diaeasee  of  the  Bar,  Nose,  and  Throat.    A  Com- 
pend  for  Students.     Illustrated.       $1.00;  Interleaved,  $1.26 

McBRIDB.    Diseases  of  ths  Throat,  Nose,  and  Bar.     With  Col- 
ored Illustrations  from  Original  Drawings.     3d  Ed.        $7.00 

POTTER.    Speech  and  its  Defects.    Considered  Physiologically, 
Pathologically,  and  Bemedially.  $1.00 


URINE  AND  URINARY  ORGANS. 

CASPBR  AND  RICHTBR.  Functional  Kidney  Diagnoeis.   $1.60 

HOLLAND.  The  Urine,  the  Gastric  Contents,  the  Common 
Poisons,  and  the  Milk.  Memoranda,  Chemical  and  Micro- 
scopical, for  Laboratory  Use.  Illustrated  and  Interleaved, 
fith  Edition.  $1.00 

KLBBN.    Diabetes  and  Glycosuria.  $2.60 


SUBJECT  CATALOGUE. 


MBMUnrOBR.  DiagnoaitbytlMUrlnt.  2cl  Edition.  MlUot- 
timtiona.  $1.00 

MORRIS.  Renal  Surgerr,  with  Special  Referenoe  to  Stone  in  the 
Kidney  and  Ureter  and  to  the  Bursieal  Treatment  of  Galeuknia 
Anuria.    Uluatrated.  $2.00 

MOULUH.  BnlarKement  of  the  ProeUte.  Ite  Treatment  and 
Radical  Cure.     3d  Edition.     Illuetrated.  In  Preu. 

MOULUH.  biflammation  of  the  Bladder  and  Urinary  Fever. 
OoUto.  $1.60 

TYSON.  Bright* B  Dieuise  and  Diabetei.  Including  Articles  on 
Ocular  Manifestations  by  Prof.  G.  E.  on  BcHwumrs. 
Colored  Plates  and  other  Illustrations.   2d  Edition.   InPr0a§. 

TTSON.  Onide  to  Examination  of  the  Urine.  For  the  Uae  of 
Phsnricians  and  Students.  With  Colored  Plate  and  Numerous 
Illustrations  engraTed  on  wood.  10th  Edition,  BoTised,  En- 
huied,  and  iMirtbr  Rewritten.  With  New  Illustrations.  JuH 
Btady,  $1.60 

VAH  NUTS.    Chemical  Analysis  of  Urine.     39  nius.  %1JOO 

VENEREAL  DISEASES. 

OOWBRS.    Syphilis  and  the  Nenrons  System.  $1.00 

STUROIS  AND  CABOT.    Studenf  s  Manual  of  Venereal  Diseases. 

7th  Reyised  and  Enlarged  Edition.     12mo  $1.26 

VETERINARY. 

BALLOU.  Equine  Anatomy  and  Physiology.  29  Graphic 
Illustrations.  $1.00;  InterleaTed,  $1.25 


JACOBSON.  The  Operations  of  Surgery.  By 
W.  H.  A.  Jacobson,  F.R.C.S.,  SurgeoD  to 
Guy's  Hospital ;  Consulting  Surgeon  Royal 
Hospital  for  Children  and  Women ;  and  F. 
J.  Steward,  F.^.c.B,f  Assistant  Surgeon 
Guy's  Hospital.  Fourth  Edition — Revised, 
Enlarged,  and  Improved.  550  Illustrations. 
Two  Volumes,  Octavo,  1524  pages. 

Cloth,  $10.00;  Sheep,  $12.00 

"  The  important  anatomical  points  are  dearly  set  forth,  the 
conditions  indioatinc  or  oontraindicatinc  operative  interference 
are  ffiyen,  the  details  of  the  operations  themselves  are  brought 
forward  prominently,  and  frequently  the  after-treatment  is 
considered.  Herein  is  one  of  the  strong  points  of  the  book." — 
Nmt  Ym'k  Medical  Journal. 


*'We  know  of  no  MriM  of  books  imumd  by  any  houM  that  m> 
folly  mMto  our  Approval  m  thmb  t  Quis-Compendat.  Thoy  art 
wall  arranctd,  full  and  eoneiaa,  and  art  raally  iha  bast  Una  of 
taxi4>ooki  that  could  be  found  for  eithar  studant  or  praotitionar." 
— iSMiMsm  Clinie,  

BLAKISTON'S  ?0UIZ-COMPENDS? 

The  Best  Sariei  of  Mannsli  for  tha  Um  of  Stodenti. 
Prica  of  each,  Qoth,  fi.oo.  InterleaTed,  for  takini  Notes,  Sz.as 
These  Compends  are  based  on  the  most  popular  text-books 
and  the  lectures  of  prominent  professors,  and  are  kept  constantly 
rcTisedt  so  that  they  may  thoroughly  represent  the  present  state 
of  the  subjects  upon  which  thsy  treat.  Tha  authors  have  had 
larfBS  experience  as  Quis-Mastan  and  attachea  of  ooUeges,  and  are 
wen  acquainted  with  the  wants  of  students.  The^  are  arrsnged 
in  tha  most  approved  form,  thorouili  and  concise,  contaimnc 
nearly  looo  illustrations  and  lithograph  platea,  inserted  wherever 
they  could  be  used  to  advantage.  Can  be  used  by  students  of 
any  college.  They  contain  information  nowhere  else  collected  in 
such  a  condensed,  practical  shape. 

POTTER.  HUMAN  ANATOMY.  Seventh  Edition.  138  Illua- 
tretions  and  16  Plates  of  Nerves  and  Arteries. 

HUOHSa  PRACTICB  OF  MBDIONB.  Part  L  SixthEdition. 
Enlarged  and  Improved. 

HUGHES.  PRACTICB  OF  MBDICINB.  PartH.  Sixth  EdiUon. 
Revised  and  Improved. 

BRUBAEIER.    PHTSIOLOGT.    Eleventh  Edition.    lUus. 

LANDIS.     OBSTETRICS.     Seventh    Edition.     63    Illus. 

POTTER.  MATERIA  MEDICA,  THERAPEUTICS.  AND  PRE- 
SCRIPTION WRITING.    Sixth  Revised  EdiUon. 

WELLS.     GYNECOLOGY.    Third  Edition.     146  lUus. 

GOULD  AND  PYLE.  DISEASES  OF  THE  EYE.  Second  Edi- 
tion.    Refraction,  Treatment,  Surgery,  etc     100  Illus. 

HORWITZ.  SURGERY.  Including  Minor  Surgery,  Bandaging, 
Surgical  Diseasee,  Differential  Dianoais  and  Treatment. 
Fif^  Edition.  With  08  Formula  and  71  Illustrations. 

LEFFMANN.  MEDICAL  CHEMISTRY.  Fourth  Edition.  In- 
cluding Urinalysis,  Animal  Chemistry,  Chemistry  of  Milk, 
Blood,  Tissues,  the  Secretions,  etc. 

STEWART.  PHARMACY.  Fifth.  Edition.  Based  upon  Prof. 
Remington's  Text-Book  of  Pharmacy. 

BALLOU.  EQUINE  ANATOMY  AND  PHYSIOLOGY.  20  gnphie 
Illustrations. 

WARREN.  DENTAL  PATHOLOGY  AND  DENTAL  MEDIONB. 
Fourth  Edition,  Illustretad. 

HATFIELD.     DISEASES  OF  CHILDREN.     3d  Edition. 

ST.  CLAIR.     Medical  Latin.     2d  Edition.  In  PrsM. 

SCHAMBERG.  DISEASES  OF  THE  SKIN.  Third  Edition. 
Revised  and  Enlarged.     106  Illustrations. 

CUSHING.    HISTOLOGY.     Illustrated.  In  PrsM. 

THAYER.    SPECL4L  PATHOLOGY.     34  lUustrations. 

KYLE.  DISEASES  OF  THE  BAR.  NOSE,  AND  THROAT. 
86  Illustrations. 

rr 


DA  COSTA 


Clinical  Hematology 


A  Practical  Guide  to  the  Examination  of  the  Blood  by 
Clinical  Methods.  With  Reference  to  the  Diagnosis  of 
Disease.     With  Colored  Illnstntions.  Cloth,  ^5.00 

%*A  new,  thorough,  sjrstematic,  and  comprehensiTe 
work,  its  purpose  being,  first,  to  show  how  to  examine  the 
blood,  and  second,  how  to  diagnose  from  such  examination 
diseases  of  the  blood  itself  and  general  diseases.  The 
author's  aim  has  been  to  coTer  not  alone  the  field  of  original 
research,  but  to  supply  a  book  for  the  student,  the  hospital 
phjrsician  and  the  general  practitioner.  It  will  be  found 
wanting  in  none  of  these  respects. 

THAYER 


Manual  of  Pathology 


GENERAL  AND  SPECIAL 

Second  Edition.  1 3 1  Illustrations.  7 1 1  Pages. 
i2mo.  Full  Limp  Morocco,  Gilt  Edges, 
Round  Comers,  I2.50. 

This  book  shows  evidence  of  clinical  as  well  as  pathologi- 
cal knowledge.  It  is  a  practical,  concise,  up-to  date  manual 
by  a  teacher  of  experience. 
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The  Pocket  CydopediaL  of 
Medicine  and  Surgery 

Full  Limp  Leather,  Round  Corners,  Gilt  Edges,  $L00 
With  Thttmb  Index,  $1^ 

Untfom  tvM  "GoaWs  Pbcket  JHcHoruvv" 


A  coodse  practical  volume  of  nearly  600 
pages,  containing  a  vast  amount  of  infor- 
mation on  all  medical  subjects,  including 
Diagnosis  and  Treatment  of  Disease, 
with  Formulas  and  Prescriptions,  Emer- 
gencies, Poisons,  Drugs  and  Tfieir  Uses, 
Nursing,  Surgical  Procedures,  Dose  List 
in  both  English  and  Metric  Systems,  etc* 

By  Drs,  Gould  and  Pyle 

Based  upon  their  large  ^Cyclopedia  of 
Medicine  and  Surgery •'^     J*      «^      .^ 


%*  This  is  a  new  book  which  will  prove  of  the  greatest 
▼slue  to  students.  It  is  to  the  broad  field  of  general  medi- 
cal information  what  '•Gould's  Pocket  Dictionary"  is  to 
the  more  special  one  of  definition  and  pronunciation  of 
words.  The  articles  are  concise  but  thorough,  and  arranged 
in  shape  for  quick  reference.  In  no  other  book  can  be 
found  so  much  exact  detailed  knowledge  so  conveniently 
classified,  so  evenly  distributed,  so  methodically  grouped. 
It  is  Multum  in  Parvo,     Sample  Pages  Free. 


ANEWEDinON 


Crocker  on  the  Skin 


The  DIseises  of  the  ^n.  Their  Description,  PMhology, 
Diagnosii,  and  Treatment^  with  Special  Reference  to  the 
Skin  Emptioni  of  Children.  Bj  H.  Radcuffb  Crockkr, 
M.D.»  Physician  to  the  Department  of  Skin  Diseases,  Uni- 
▼ersity  College  Hospital,  London.     With  new  Illustrations. 

Third  Edition,  Rewritten  and  Enlarged 

OCTAVO.  JUST  RBADYt  CLOTH.  $5.00 

*^*  This  new  edition  will  easily  bold  the  high  position 
given  the  preTions  printings.  The  author  is  a  member  of 
American,  English,  French,  German,  and  Italian  Deimato- 
logical  Societies,  and  a  recognized  authority  the  world  over. 


STURGiS— MANUAL  OF 
VENEREAL  DISEASES 


By  F.  R.  Sturcis,  m.d.,  Sometime  Clinical  Professor  of 
Venereal  Diseases  in  the  Medical  Department  of  the  Uni- 
versity of  the  City  of  New  York.  Seventh  Edition,  Revised 
and  in  Part  Rewritten  by  the  Author  and  Pollen  Cabot, 
M.D.,  Instructor  in  Genito-Urinary  and  Venereal  Diseases 
in  the  Cornell  University  Medical  College.  i2mo.  216 
pages.  Cloth,  ^1.25 

*^*  This  manual  was  originally  written  for  students' 
use,  and  is  as  concise  and  as  practical  as  possible.  It  pre- 
sents a  careful,  condensed  description  of  the  commoner 
forms  of  venereal  diseases  which  occur  in  the  practice  of 
the  general  physician,  together  with  the  most  approved 
remedies. 
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FOR  THE  DISSECTING  ROOM 

IIolden*s  Anatomy — Seventh  Edition 
320  lUostrations 

A  Manual  of  the  Dissections  of  the  Human  Body.  By  JOHN 
Langton,  f.r.cs.  Carefully  Revised  by  A.  Hkwson;  M.D., 
Demonstrator  of  Anatomy,  Jefferson  Medical  College,  Phila- 
delphia, etc.  320  Illustrations.  Two  small  compact  vol- 
umes.    i2mo. 

VoL  I.  Scalp,  Face,  Orbit,  Neck,  Throat,  Thorax,  Upper 
Extremity.     435  pages.     153  Illustrations. 

Oil  Cloth,  |i. 50 

Vol.  II.  Abdomen,  Perineum,  Lower  Extremity,  Brain, 
Eye,  Ear,  Mammary  Gland,  Scrotum,  Testes. 
445  pages.     167  Illustrations. 

Oil  Cloth,  1 1. 50 
Each  volume  sold  separately. 


Hughes    8Lnd    Keith  —  Dissections 
lUustraLted 

A  Manual  of  Dissections  by  Alfred  W.  Hughes,  m.b., 
M.R.c.s.  (Edin. ),  late  Professor  of  Anatomy  and  Dean  of 
Medical  Faculty,  King's  College,  London,  etc. ,  and  Arthur 
Keith,  m.D.,  Joint  Lecturer  on  Anatomy,  London  Hospital 
Medical  College,  etc.  In  three  parts.  With  527  Colored 
and  other  Illustrations. 

I.     Upper  and  Lower  Extremity.    38  Plates,  116  other 
Illustrations.  Cloth,  $3.00 

II.     Abdomen.     Thorax.     4   Plates,   149   other  Illus- 
trations. Cloth,  $3.00 
III.     Head,   Neck,  and  Central  Nervous  System.      16 
Plates^  204  other  Illustrations.          Cloth,  ^3.00 

Each  volume  sold  separately, 

%*  The  student  will  find  it  of  great  advantage  to  have 
a   "Dissector"    to   supplement  his  regular  text-book   on 
anatomy.     These  books  meet  all  requirements,  and  as  they 
can  be  purchased  in  parts  as  wanted,  the  outlay  is  small. 
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EDGAR'S 

OBSTETRICS 

A   NEW  TEXT- BOOK 
1 22 1  niustradons 


Edgar's  Obstetrics  excels  all 
other  works  on  this  subject 
in  completeness,  in  uni- 
formity and  consistency  in 
arrangement,  thoroughness 
and  clearness  in  handling 
details,  and  in  the  number 
and  usefulness  of  its  illus- 
trations.     See  page  20. 

OCTAVO.     CLOTH,  $6,005    SHEEP,  $7.00 
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